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NCBI MOLECULAR BIOLOGY RESOURCES FOR
TOXICOLOGISTS

P. S. Cooper2. 1Toxicogenomics, Gene Logic Inc., Gaithersburg, MD and 2NCBI User
Services, National Library of Medicine, Bethesda, MD. Sponsor: W. Mattes.
Molecular and genomic information is increasingly an important part of all biological research including toxicology. While toxicologists often focus on data from microarray-based expression profiles, other molecular data including the organization
and function of genes in the context of the cell, the physical genome and sequence,
and the relationships between species in terms of this organization can provide important insights. Therefore facility with public molecular biology databases and
search tools is essential to all toxicologists. Moreover the recent availability of complete genomes including the human, mouse and rat has made genome wide queries
and comparative genomics readily accessible to all researchers and has the potential
to revolutionize medical research and practice. The largest public repository of biological sequence information is maintained by the National Center for
Biotechnology Information (NCBI) at the National Library of Medicine. In this
tutorial, the molecular database resources including sequences, structures and
genomes and the tools available through the WWW interface to the NCBI will be
described and then the discussion will focus on using these tools and databases as
well as the specialized genomic resources. The Entrez and BLAST Web services will
be demonstrated and how both can be used as a biological discovery system in toxicology will be illustrated. This tutorial is intended as an overview and introduction
of NCBI genomic and molecular databases to toxicologist, but even experienced
users will find it helpful.
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TARGETED THERAPEUTIC APPROACH TO ANTICANCER DRUG DEVELOPMENT

K. L. Blanchard1, J. K. Leighton4, J. E. Tomaszewski2, J. Beyer3, M. A. Davis1
and V. Reddy1. 1Toxicology, Eli Lilly & Company, Greenfield, IN, 2Toxicology &
Pharmacology Branch, National Cancer Institute, Rockville, MD, 3Toxicology &
Pathology, Genetech, Inc., South San Francisco, CA and 4Division of Oncology
Products, US Food and Drug Administration, Rockville, MD.
Over the past decade, a range of targeted anticancer drugs have been developed that
are designed to interfere with one or more of the many molecular mechanisms that
drive tumor growth. The molecularly-targeted approach to the development of
these new anti cancer drugs has created a false impression that these newer drugs
unlike earlier cytotoxic anticancer drugs will be non-toxic. Cytotoxic drugs are typically administered in short courses of maximal doses (MTD). This is not necessarily appropriate for targeted therapies, which can require long-term therapy and for
which it is often difficult to determine the biologically most effective dosage
(BED). This course will focus on different aspects of regulatory, preclinical, and
clinical targeted anti cancer drug development. The first speaker will focus on
tumor cell biology and the respective cell signaling pathways that hold promise for
targeted anticancer therapy. The second speaker will present differences in preclinical development philosophy between cytotoxic and targeted anticancer drugs. The
third speaker will discuss specific examples of preclinical development of targeted
biotherapeutics. The fourth speaker will discuss biomarkers as endpoints of clinical
efficacy and safety assessment. The final speaker will focus on regulatory considerations of preclinical development of targeted therapies highlighting differences between cytotoxic and targeted therapies. This advanced drug development course is
targeted to government, biotechnology and pharmaceutical toxicologists as well as
general toxicologists with an interest in cancer chemotherapy.
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PRACTICAL STRATEGIES FOR EVALUATION OF
IMMUNOSUPPRESSION IN PHARMACEUTICAL
DEVELOPMENT

B. G. Short. Allergan, Inc., Irvine, CA.
Increased focus has been placed on evaluating immunotoxicity, particularly immunosuppression, in pharmaceutical development following recent issuance of regulatory global guidelines and current ICH discussions on harmonization.
Toxicologists, pathologists, immunologists and clinicians in this industry are faced
with the challenge of addressing the intent of the current guidances in a scientifically valid and responsible manner. An integrated approach is necessary to provide
a weight of evidence for signal detection in routine toxicity studies, conducting immunotoxicity studies or adding endpoints in routine toxicity studies for immunophenotyping or functional immune alterations. The toxicologist is also central in communicating the risk to clinicians and regulators following interpretation
of nonclinical immunotoxicology data and participating in the search for clinical
biomarkers for trial participants. The goal of this course is to discuss regulatory
guidance and use case examples to illustrate the integration of multiple disciplines
in addressing both recent scientific advances and practical approaches in the phar-

maceutical setting and how this knowledge impacted clinical trials and labeling,
with a focus on drug-induced immunosuppression. Similarities and differences in
global immunotoxicity guidance documents and recent progress in ICH harmonization will be discussed. Signal detection, including data from standard toxicity
studies and the controversies among toxicologists and pathologists will be addressed, including the recently drafted Best Practice Guideline for the Routine
Pathology of the Immune System by the STP. Immunophenotyping conducted by
flow cytometry or lymphoid immunohistochemistry will cover recent advances.
Functional assays, such as T-cell dependent antibody response, natural killer cell activity, host resistance macrophage/neutrophil function, and cell-mediated immunity will be discussed with regard to design and timing in drug development.
Finally, interpretation of nonclinical immunotoxicology data for risk assessment in
clinical trials and use of clinical immune biomarkers will be featured.
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ESSENTIALS OF METAL TOXICOLOGY

W. Zheng1, M. P. Waalkes2, M. Aschner3, A. Kanthasamy4 and T. Guilarte5.
1
Purdue University, West Lafayette, IN, 2NCI in NIEHS, Research Triangle Park,
NC, 3Vanderbilt University, Nashville, TN, 4Iowa State University, Ames, IA and
5
Johns Hopkins University, Baltimore, MD.
Metals are ubiquitously present in environment, essential to human health, and yet
toxic upon overexposure. They are neither synthesized by living matter nor destroyed by human endeavour. Metals play a significant role in human health as well
as many diseases. Unique physical, chemical and biological properties allow metals
to persist in the body, cause long-lasting effects, and yet leave few choices for therapeutic intervention. A fundamental question in metal toxicology remains, namely
what makes metals toxic in promoting carcinogenesis, neurotoxicity, reproductive,
liver and kidney injuries, or generalized metabolic disease. This basic course is intended to address the essentials in metal toxicology by providing cutting-edge
knowledge on the concepts, theories, clinical outcomes, and research methodologies in metal toxicology. The first lecture will highlight the clinical symptoms of
metal-induced human diseases, common routes of exposure, and therapeutic intervention. Two subsequent lectures will address metal pharmacokinetics and the general mechanisms of metal-induced cell death, specifically apoptosis. The final lecture will discuss animal models, based on either symptomatic outcomes or
biochemical consequences, for studying metal toxicities. Speakers will address these
essentials by providing details specific to ‘hot’ metals, such as arsenic, mercury,
manganese, lead, and uranium. The course will serve as an introduction to those
who desire an expanded knowledge on essentials of metals in human health and diseases, essentials of metals’ toxicological actions, and essentials of research approaches in metal toxicological investigation. The course will also be of interest to
others engaged in wider aspects of carcinogenesis, neurotoxicology, risk assessment,
and occupational health.
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PREDICTIVE POWER OF NOVEL TECHNOLOGIES
(CELLS TO ‘OMICS’’): PROMISES, PITFALLS AND
POTENTIAL APPLICATIONS

S. S. Nadadur. Environmental Media Assessment, USEPA, Research Triangle Park, NC.
Advances in the disciplines of cell and molecular biology have led to the development of novel biotechnologies capable of generating ‘global molecular profiles’ for in
situ toxicological assessment. These technologies should accelerate our understanding of molecular basis for potential toxicity and susceptibility. This course will provide both theoretical and practical information on these emerging high throughput
technologies, their applicability, interpretation and integration to gain a more comprehensive understanding of cellular responses to chemical/toxicant stress. The first
presentation will cover the potential utility of Laser Capture Micro-Dissection in
isolating specific cell populations for toxicological assessment at the level of RNA
and proteins. The second presentation will provide the ongoing evolution of gene
expression profiling approaches from ‘toxicogenomics’ to systems biology. The third
presentation will provide an overview of proteomic technologies in analyzing the
protein interactions and downstream signaling mediators involved in toxic response
pathways. The final presentation will examine the capabilities of high throughput
technologies in identifying the single nucleotide polymorphisms (SNPs) and their
predictive value for characterizing underlying genetic susceptibilities to toxicants.
Overall the course is aimed at educating toxicologists on the array of new technologies available to research toxic outcomes and their underlying mechanisms. The goal
is to move towards a better and reliable prediction and extrapolation of toxic responses. This course will also serve as a refresher course for scientists, technical and
regulatory staff involved in various stages of compound development or regulation.
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REPRODUCTIVE TOXICITY TESTING: STUDY
DESIGNS, EVALUATION, INTERPRETATION AND RISK
ASSESSMENT

D. G. Stump. WIL Research Laboratories, LLC, Ashland, OH.
This course is intended to provide a general overview for scientists responsible for
the design, conduct and monitoring of reproductive toxicity studies. The course
will focus on reproductive biology, study design considerations, reproductive endpoints, data interpretation and use of data in risk assessment. Reproductive toxicity
studies are among the most complex and challenging studies in the field of toxicology. The studies assess multiple interrelated endpoints of male and female reproductive function. In order to properly design, conduct and interpret these studies, a
fundamental knowledge of male and female reproductive system development,
anatomy, physiology, and endocrinology are required. This course will discuss the
designs of reproductive studies for regulatory submission. Individual lectures will
discuss the anatomy and physiology of the male and female reproductive systems as
well as endocrine regulation of these systems. Evaluation of toxicity endpoints to assess male and female reproductive function will also be discussed including mating,
fertility, estrous cyclicity, spermatogenesis, sexual behavior, parturition, reproductive hormone analysis, nesting and nursing behavior, reproductive organ weights
and histopathology, and proper use of statistical analysis. The course will conclude
with discussions on some common issues related to reproductive toxicity testing,
interpretation of results, and how these results are ultimately used to assess potential
risks to human reproduction. In summary, this course will present the key information required for the design of reproductive toxicity studies and interpretation of reproductive toxicity data and provide guidance for use of the data for risk assessment
of human reproduction.

7

COMPARATIVE ENDOCRINE TOXICOLOGY
1

S. B. Hooser , C. C. Capen2, J. Flaws3, J. C. Cook4 and T. M. Nett5. 1Animal
Disease Diagnostic Laboratory, Purdue University, West Lafayette, IN, 2Veterinary
Biosciences, The Ohio State University, Columbus, OH, 3Epidemiology & Preventive
Medicine, University of Maryland, Baltimore, MD, 4Drug Safety Evaluation, Pfizer,
Groton, CT and 5Biomedical Sciences, Colorado State University, Fort Collins, CO.
Hormones secreted by cells of the endocrine system have diverse effects throughout
the body. Exposure to xenobiotic compounds can result in profound changes to the
endocrine organs and/or their target cells. Significant species differences exist in the
structure and function of endocrine and reproductive organs making interpretation
of test results and extrapolation from animal models to humans more challenging.
In addition to the numerous anatomical and physiological differences, there are also
species variations in metabolism and response to toxicants. It is the goal of these
continuing education presentations to give an overview of the structure, function,
regulation, and toxic responses of selected endocrine and reproductive organs and
to discuss the hormonal assays and other mechanistic approaches necessary to make
species comparisons and to extrapolate the findings from animals to humans. Each
presentation will briefly describe important species differences with regard to
anatomy, endocrine physiology, and response to different classes of xenobiotic
chemicals by selected endocrine and reproductive organs such as the thyroid (follicular cells), ovary, and testis (Leydig cells). One presentation will focus on the principles and pitfalls of hormonal measurements in laboratory animals considering advantages/disadvantages of different methods, species specificity of certain assays,
most appropriate sampling times, and other useful items to consider in future protocol development. Following completion of this workshop, attendees should have
a more complete understanding of the comparative endocrinology and toxicology
of selected endocrine and reproductive organs in laboratory animals.
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FUNCTIONAL ANALYSIS OF GENE AND PROTEIN
EXPRESSION: FROM EXPERIMENTAL DESIGN TO
DATA ANALYSIS

assay for the analysis of protein interactions at the level of DNA. The third presentation will discuss gene delivery into hepatocytes in vivo utilizing the adenovirus
system. Finally, the last presentation will discuss the advantages and disadvantages
of recombinant protein expression in cultured cells with emphasis on the level and
functionality of the expressed protein and the use of siRNA. The course will be of
broad interest to those laboratories considering contemporary mechanistic approaches to gene and protein expression as well as those currently investigating
these endpoints.
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ASSESSING AIRWAY INJURY AND REMODELING
INDUCED BY INHALED POLLUTANTS USING
MAGNETIC RESONANCE IMAGING, MICROSCOPY
AND MODELING

J. R. Harkema1, R. Corley2, C. Plopper3, D. Hyde3 and J. Kimbell4.
1
Pathobiology, Michigan State University, East Lansing, MI, 2Pacific Northwest
National Laboratories, Richland, WA, 3University of California, Davis, Davis, CA
and 4CIIT Centers for Health Research, Research Triangle Park, NC.
The goal of this course is to provide toxicologists with a detailed overview of stateof-the-art methods for assessing injury and remodeling of the conducting airways
caused by exposures to airborne toxicants including environmental pollutants.
Examples of assessment will include methods at the macroscopic, microscopic and
molecular levels of analysis. The nature, severity and distribution of airway lesions
caused by inhaled toxicants are due to an integration of several factors including
physicochemical characteristics of the inhaled toxicant, exposure regimen, local airway dosimetry, and cellular susceptibility. Toxicant-induced alterations to airway
structure range from death of surface epithelial cells with concurrent acute inflammation to remodeling of the airway wall due to intramural fibrosis, epithelial cell
proliferation, and chronic inflammation. The strengths and limitations of a variety
of state-of-the-art imaging techniques, such as magnetic resonance imaging, for visualizing macroscopic changes in the respiratory tract will be presented along with
those of light, electron and confocal microscopy for assessing tissue and cellular
pathology. Approaches for sampling, preparing, and analyzing airway tissues for
toxicant-induced changes in biochemistry and gene expression will also be covered
by the presenters. In addition, the fundamental principles of airway stereology will
be reviewed to illustrate how mathematically proven morphometric techniques may
be used to quantify pathological changes in tubular structures. Finally, presenters
will describe the development and implementation of computational models of
geometrically correct airways used to define dose-response relationships along the
respiratory tract of laboratory animals and to estimate the risk of air pollutant exposures to human health.
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XENOBIOTIC TRANSPORTERS

C. D. Klaassen. Pharmacology, University of Kansas MED. Ctr, Kansas City, KS.
Toxicologists have traditionally considered that chemicals are absorbed and distributed throughout the body largely due to their lipid solubility and diffusivity
through cell membranes. We also consider drug metabolism as a process that makes
chemicals more water soluble so they will less readily pass cell membranes and be
more rapidly excreted. However, it was not understood how the water-soluble
metabolite could exit the cell to be excreted. During the last decade a number of
transporters have been identified that not only are responsible for the excretion of
chemicals, but also for the absorption and distribution of xenobiotics. This course,
highlighting the progress made in this research field as both timely and of significant interest to a large number of SOT members who are in academic, government
and industrial sectors. This course will give an overview of the families of transporters involved in absorption, distribution and excretion of drugs and chemicals,
as well as presentations specific to the major tissues where transporters are known to
influence toxicity. The roles of transporters in disposition and toxicity in the liver,
kidney, intestine and brain will be discussed.

R. S. Pollenz. Biology, University of South Florida, Tampa, FL.
The mechanistic analysis of cellular responses to xenobiotics requires the functional
characterization of changes in both gene and protein expression. The ability to
study changes to both genes and proteins in vitro and in vivo has become accessible
to more laboratories with the development of molecular tools such as microarrays,
siRNA, recombinant protein expression and viral gene delivery. However, the ability to utilize these techniques and generate reproducible results requires a detailed
understanding of each procedure. Thus, the goal of this course is to provide the investigator with an overview of experimental design and the use of proper controls
for four cutting edge techniques. The first talk will focus on experimental design
and analysis of gene expression studies utilizing microarrays. The second presentation will discuss recent advances in the chomatin-immunoprecipitation (ChIP)
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NEUROPATHOLOGY FOR THE TOXICOLOGIST

D. C. Dorman. CIIT Centers for Health Research, Research Triangle Park, NC.
This course is designed to provide a basic overview of rodent neuropathology. The
course will start off with a review of the normal anatomy and histology of the adult
nervous system. This overview will also discuss the ways in which neuropathology
and functional assays of motor activity and other behaviors relate to one another.
The second lecture relates to tissue handling techniques and basic approaches in
neuropathology. This topic is critically important since the ability to detect chemical-induced neuropathology requires proper tissue fixation and processing.

Although the second lecture will largely focus on rodent tissues, the approaches and
methods to be discussed can be easily adapted to other species. The course will then
transition into two presentations focused on common lesions induced by model
neurotoxicants. One presentation will focus on central nervous system effects while
the latter lecture will address peripheral neuropathies. Our final presentation will
discuss morphometric approaches in neuropathology including a discussion of the
use of magnetic resonance imaging methods in neurotoxicologic pathology.
Participants in this course will gain a greatly improved appreciation of basic neuropathology and applications to toxicology.

analysis of phospholipids isolated from these cells after exposure to apoptotic-inducing concentrations of cisplatin demonstrated that the expression of several
phospholipids were altered prior to increases in cell death including 14:0-16:0 and
16:0-16:0 PtdCho and 16:1-22:6 PlsCho. Further studies demonstrated that the
phospholipid profiles of cell lines derived from lung and prostates cancers were altered prior to the advent of chemotherapeutic-induced cell death. Collectively,
these studies will be used to demonstrate the techniques used to assess cellular phospholipid profiles during chemotherapeutic-induced cell death.
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LIPIDOMICS OF CELL DEATH

B. S. Cummings1, D. K. Monteith2, V. E. Kagan3 and B. Fadeel4.
1
Pharmaceutical and Biomedical Sciences, University of Georgia, Athens, GA, 2Eli
Lilly & Company, Greenfield, IN, 3Environmental & Occupational Health,
University of Pittsburgh, Pittsburgh, PA and 4Environmental Medicine, Karolinska
Institute, Stockholm, Sweden.
Lipidomics, the study of the effect of lipids on cellular physiology and death, is a
new and rapidly emerging area of research with great promise in molecular toxicology. Phospholipids make up cell and organelle membranes and by their physicalchemical properties are integral to the maintenance of cell homeostasis. In addition,
these molecules are critical to cell signaling pathways. Therefore, to toxicologists
this often-overlooked cell component plays interesting, and often pivotal, roles in
toxicity and pathogenesis. For example, studies on the roles of phospholipids during phospholipidosis, apoptosis, phagocytosis, oxidative stress and mitochondrial
dysfunction all can yield new and vital information about the mechanisms of such
processes. In addition, a variety of advanced techniques for the assessment of phospholipids have increased our ability to perform lipidomics, including flow cytometry, electrospray ionization-mass spectrometry and high performance thin layer
chromatography. Thus, lipidomics offers great promise into identifying mechanisms of toxicant-induced cell death.
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CHARACTERIZATION AND CONSEQUENCES OF
DRUG-INDUCED PHOSPHOLIPIDOSIS

D. K. Monteith. Eli Lilly & Company, Greenfield, IN.
Phospholipidosis is a cellular morphologic effect induced by cationic amphiphilic
compounds. The toxicity associated with phospholipidosis is unclear. The pivotal
question for pharmaceuticals is the development of adverse effects. Currently, phospholipidosis is characterized with in vivo studies and assessment of standard endpoints for tissue effects. These standard endpoints include transmission electron
microscopy for cellular ultrastructure and determination of total tissue phospholipid content. A variety of technologies for screening compounds in the early phases
of drug development have been utilized and published. Several different in vitro assays using different cell systems, image analysis platforms and fluorescent probes
have demonstrated effective identification of compounds in screening paradigms.
Genomics arrays with specific gene subsets have been utilized as biomarkers for detection of phospholipidosis with in vitro and in vivo models. Flow cytometry and
metabonomics have been used to determine biomarkers for phospholipidosis in
vivo. There remains the challenge to determine the functional consequence of
phospholipidosis on a case-by-case basis. This presentation will present the technologies used to detect drug-induced phospholipidosis and share examples of in
vivo evaluations.
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DETERMINATION OF PHOSPHOLIPID PROFILES
DURING CHEMOTHERAPEUTIC-INDUCED CELL
DEATH

B. S. Cummings. Pharmaceutical and Biomedical Sciences, University of Georgia,
Athens, GA.
Carcinogenesis and chemotherapeutics can alter cellular phospholipids. However,
the exact phospholipids targeted and the mechanisms involved are not fully known.
Further, differences in phospholipids between non-cancerous and cancerous cells
from similar tissues, in the presence and absence of chemotherapeutics, are not
known. Recent advances in mass spectrometry now allow for the rapid and accurate
identification of phospholipids in a variety of tissues. This presentation demonstrates the use of electrospray ionization-mass spectrometry (ESI-MS) to identify
differences between phospholipids expressed in normal and cancer cells and determine alterations in these phospholipids during chemotherapeutic-induced apoptosis. ESI-MS analysis demonstrated that the expression of at least 7 phospholipids
differed between renal cell lines derived from cancerous non-cancerous sources. Of
these phospholipids four were plasmenylcholines (PlsCho) (16:0-18:1 PlsCho,
16:0-18:2 PlsCho, 20:1-22:4 PlsCho, and 22:0-22:6 PlsCho) and two were phosphatidylcholines (PtdCho) (18:0-18:2 PtdCho and 16:0-20:1 PtdCho). ESI-MS

CARDIOLIPIN AND
PHOSPHATIDYLSERINE/OXIDATIVE SIGNALING IN
APOPTOSIS AND PHAGOCYTOSIS

V. E. Kagan. Environmental & Occupational Health, University of Pittsburgh,
Pittsburgh, PA.
Since the (re)discovery of cytochrome c (cyt c) in the early 1920s and subsequent
detailed characterization of its structure and function in mitochondrial electron
transport, it took over 70 years to realize that cyt c plays a different and important
role in programmed cell death, apoptosis, by interacting with several proteins and
forming apoptosomes. We developed a new protocol – oxidative lipidomics – to
characterize and quantitatively assess the formation of hydroperoxides of different
classes of phospholipids in model systems, organelles and cells using a combination
of 2D-HPTLC, fluorescence HPLC and ESI/MS. Using these technique, we revealed yet another essential function of cyt c in apoptosis that is carried out via its
interactions with a mitochondria specific phospholipid, cardiolipin (CL). We
demonstrated that mitochondria contain a pool of cyt c, which interacts with CL
and acts as a CL oxygenase that is activated during apoptosis and causes selective
oxidation of CL. This oxidized CL is required for the release of pro-apoptotic factors – cyt c and Smac/Diablo – from mitochondria into the cytosol. Cyt c released
into the cytosol further acts as a redox catalyst for oxidation of phosphatidylserine
(PS) thus stimulating its externalization. Notably, nitric oxide is an effective inhibitor of CL and PS oxidation by the peroxidase activity of cyt c/phospholipids
complexes and acts as a chemical reductant of reactive intermediates, compound I
and compound II. Using an immuno-spin trapping protocol we were able to detect
the formation protein-derived tyrosyl radical adducts with a spin trap, DMPO,
which was inhibited by nitric oxide. This presentation will discuss how these findings result in new opportunities in the development of novel anti-/pro-apoptotic
therapeutics based on blockade of CL-oxygenase activity of cyt c and mitigation of
CL oxidation.
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ROLE OF LIPID RAFTS IN CELL DEATH: FOCUS ON
APOPTOSOME ACTIVATION AND
CHEMORESISTANCE

B. Fadeel. Environmental Medicine, Karolinska Institute, Stockholm, Sweden.
Sponsor: B. Cummings.
Lipid rafts are specialized membrane domains enriched in certain lipids, cholesterol
and proteins. Functions attributed to lipid rafts include endocytosis and signal
transduction. However, the roles of lipid rafts in cell death and pathologies are less
understood. Especially of interest are their roles in apoptosis and chemotherapeutic-induced cell death. This presentation details the role of lipid rafts in the formation of the apoptosomes and chemoresistance. Particular focus is placed on recent
reports of the plasma membrane sequestration of Apaf-1 (apoptotic protease-activating factor-1), a critical component of the apoptosome complex, in chemoresistant B lymphoma cell lines, and the restoration of apoptosis responses in these cells
upon liberation of Apaf-1 from lipid rafts. These findings thus define a novel mechanism of chemoresistance, and also suggest ways to sensitize cancer cells to conventional treatment. However, the mechanism underlying the aberrant subcellular localization of Apaf-1 in lymphoma cells awaits further clarification. More studies are
also needed to determine the general role of lipid raft sequestration of apoptosis signaling molecules in the resistance to cancer treatment.
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REGULATION OF PHASE II XENOBIOTIC
METABOLIZING ENZYMES: IMPLICATIONS FOR
HEALTH AND DISEASE

M. Runge-Morris1, M. Runge-Morris1, W. Xie2, T. Kensler3 and D. W. Hein4.
1
INST..Envir.Health Sciences., Wayne State University, Detroit, MI, 2Center for
Pharmacogenetics and Department . of Pharmaceutical Sciences, University of
Pittsburgh, Pittsburgh, PA, 3Bloomberg School of Public Health, Johns Hopkins
University, Baltimore, MD and 4Department . of Pharmacology & Toxicology,
University of Louisville, Louisville, KY.
The tight regulation of phase II xenobiotic-metabolizing enzymes such as the sulfotransferase (SULT), UDP-glucuronosyl transferase (UGT), N-acetyltransferases
(NAT) and glutathione-S-transferases (GST) multigene families, represents an essential component of detoxication. In human populations, genetic polymorphisms
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determine the phenotype of NAT1 and NAT2 and together with tissue-specific
gene expression, influence cancer risk following exposure to aromatic and heterocyclic amines in the environment. Emerging insights in the nuclear receptor field
have demonstrated that the hepatic SULT and UGT enzymes are not only coordinately regulated by members of the nuclear receptor superfamily, but also modulate
the levels of bio-active species that participate in nuclear receptor signaling.
Superimposed on these advances, the activation of the Keap1/Nrf2 signaling pathway by oxidative stress mediators in the environment has been recently shown to
control the expression of key members of the GST multigene family, as well as
other xenobiotic-metabolizing enzyme target genes. This symposium will provide
an updated analysis on the genomic and transcription factor controls that regulate
SULT, UGT, NAT and GST enzymes. Focused emphasis will be placed on the implications of altered phase II enzyme gene expression for toxicity in humans.
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ROLE OF TRANSCRIPTION FACTOR NETWORKS IN
THE CONTROL OF SULFOTRANSFERASE GENE
EXPRESSION

M. Runge-Morris. INST..Envir.Health Sciences., Wayne State University, Detroit, MI.
The sulfotransferases (SULTs) catalyze the sulfonation of xenobiotics, hormones,
and endogenous intermediates of metabolism. Because of the SULTs’ key role in
detoxication, carcinogen bioactivation, and in situ steroid inactivation, the tight
regulation of SULT gene expression in metabolically active target tissues, such as
the liver, is an essential prerequisite for metabolic balance. The pregnane X receptor
(PXR) transcription factor has emerged as both a xenobiotic sensor and a conduit to
metabolic homeostasis. Both rat and human hepatic hydroxysteroid sulfotransferase
(SULT2A) gene transcription are induced in response to PXR activation. By contrast, the peroxisome peroliferator activated receptor alpha (PPARα), a nuclear receptor sensor for both xenobiotics and lipid intermediates, induces human but not
rat hepatic SULT2A gene transcription. Cross-talk between nuclear receptor and
liver-enriched transcription factors also plays a central role in the modulation of hepatic SULT gene transcription. Dexamethasone-inducible rodent hepatic SULT2A
gene transcription occurs through both a PXR-mediated mechanism and through a
glucocorticoid receptor-mediated induction of trans-acting CCAAT/enhancerbinding proteins. Collectively, these results suggest that important species differences underwrite hepatocellular nuclear receptor and liver-enriched transcription
factor networks, and implicate a role for human hepatic SULT2A in lipid signaling.
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REGULATION OF UDP GLUCURONOSYL
TRANSFERASES BY THE ORPHAN NUCLEAR
RECEPTOR SUPERFAMILY

W. Xie1. 1Center for Pharmacogenetics, University of Pittsburgh, Pittsburgh, PA and
2
Center for Pharmacogenetics, University of Pittsburgh, Pittsburgh, PA. Sponsor: M.
Runge-Morris.
UDP glucuronosyltransferases (UGTs) belong to the Phase II drug metabolizing
enzymes. UGTs mediate the transfer of glucuronic acid from UDP glucuronic acid
to predominantly hydrophobic xeno and endobiotic chemicals, thus facilitating
their detoxification and excretion. Deficiency in the expression and or activity of
UGTs may lead to genetic and acquired disease such as Crigler Najjar syndrome
and jaundice. UGT genes are classified into UGT1A and UGT2B subfamily, and
each subfamily and each isoform shows tissue-specific distribution pattern. The underlying mechanisms for this tissue specificity are not fully understood. Emerging
evidence have demonstrated that nuclear receptors (NR), such as pregnane X receptor (PXR), constitutive androstane receptor (CAR), peroxisome proliferator-activated receptor (PPAR), can regulate UGTs and this NR-mediated regulation may
contribute to the tissue-specific expression pattern of UGTs. The regulation is believed to be both receptor and UGT isoform specific. In addition, UGTs are also
subjected to the regulation by aryl hydrocarbon receptor (AhR) and other tissue
specific transcription factors. Based on their capacity to catalyze the glucuronidation of xenobiotics and endobiotics, UGTs play an important role in hormonal
homeostasis, energy metabolism, bilirubin clearance, and xenobiotic detoxification.
Therefore, elucidating UGT regulation by nuclear receptors has broader significance in understanding UGT function in various physiological and patho physiological conditions.
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REGULATION OF PHASE 2 ENZYMES THROUGH THE
KEAP1-NRF2 SIGNALING PATHWAY

T. W. Kensler. Environmental Health Sciences, Johns Hopkins University,
Baltimore, MD.
The development of Nrf2 knockout mice provided the first key insights into the
toxicological importance of this transcription factor signaling pathway. As examples, Nrf2 knockout mice are more sensitive to the hepatotoxicity of acetamino-
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phen, the pulmonary toxicity of butylated hydroxytolene or hyperoxia, and the
neurotoxicity of 3-nitropropionic acid. Carcinogenicity of benzo[a]pyrene and Nnitrosobutyl-(4-hydroxybutyl)-amine is exacerbated in the forestomach and bladder, respectively, of knockout mice. Finally, chronic exposure of Nrf2 knockout
mice to cigarette smoke leads to enhanced development of emphysema in the lungs
while disruption of Nrf2 enhances susceptibility to severe airway inflammation and
asthma following allergen challenge. Genomic, proteomic and biochemical analyses
indicate that Nrf2 regulates the expression of phase 2 and antioxidative genes, as
well as those affecting glutathione homeostasis, NADPH generation, solute transporters, and proteasome function. Collectively, Nrf2-regulated genes govern a
broad-based adaptive response to environmental stresses. Nrf2-mediated transcription of these genes is activated by a number of cellular stresses (endoplasmic reticulum stress, oxidative stress, and shear stress), signaling molecules (nitric oxide,
growth factors) and oxidized lipids (15-deoxy-delta-12,14-prostaglandin J2, oxidized low density lipoproteins) leading to increased stability and nuclear accumulation of Nrf2. In some instances, cysteines on Keap1, a cytoplasmic tether for Nrf2,
serve as sensors leading to pathway activation. Of great relevance to disease prevention, this pathway also can be induced by an expanding array of small molecule
drugs and natural products including dithiolethiones, isothiocyanates and triterpenoids. These compounds are potent anticarcinogens in animal models and their
efficacy is lost in Nrf2 knockout mice, highlighting the central importance of this
pathway. Several of these inducers are currently being evaluated in clinical trials for
cancer prevention. Supported by CA39416 and CA94076.
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REGULATION OF THE HUMAN ARYLAMINE NACETYLTRANSFERASES: IMPLICATIONS FOR CANCER
SUSCEPTIBILITY

D. W. Hein, A. Husain, J. States and D. F. Barker. Pharmacology and Toxicology,
University of Louisville, Louisville, KY.
The human N-acetyltransferase genes 1 and 2 (NAT1 and NAT2) encode enzymes
important in the metabolism and bioactivation of environmental carcinogens.
Genetic polymorphisms present in NAT1 and NAT2 may therefore play a role in
genetic predisposition towards several human cancers following exposure to such
carcinogens. Epidemiological studies reporting associations between acetylator
genotype and breast cancer risk remain inconclusive, possibly because functional
acetylator phenotype is determined by interplay between variations in transcription
control sequences and coding region polymorphisms. However, mechanisms of
NAT1 and NAT2 transcriptional control remain poorly understood. Recently, we
described identification of the major promoter of human NAT1 as well as the presence of several non-coding exons in breast and MCF-7 cell line transcripts. The
splice patterns detected correlated with NAT1 cDNAs from a wide variety of other
tissues provided in public databases. Further characterization of this promoter by
transfection of luciferase reporter constructs, EMSA and chromatin IP analyses has
provided insights into sequences which may be important in regulating NAT1
mRNA expression, and confirm the interaction of the Sp1 transcription factor with
the NAT1 promoter region. Whereas NAT1 was widely expressed in various tissues,
NAT2 appeared to be predominantly expressed in the liver and gut. However,
quantitative real time RT-PCR analysis indicated the presence of NAT2 in other extrahepatic tissues, such as lung, kidney, fetal brain, spinal cord, spleen, stomach,
testes, and uterus, where although very low, there appear to be measurable levels of
NAT2 mRNA expression. Information gained from these studies should provide a
better understanding of NAT gene regulation as well as relationships among environmental carcinogens, acetylator genotype and cancer susceptibility. Partially supported by USPHS grants CA34627 and ES012557.
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RISK ASSESSMENT IMPLICATIONS OF DIRECT NOSETO BRAIN TRANSPORT OF INHALED XENOBIOTICS

J. Harkema2, D. C. Dorman1, G. Oberdorster3 and M. Andersen1. 1CIIT Centers
for Health Research, Research Triangle Park, NC, NC, 2Department of Food Safety
and Toxicology, Michigan State University, East Lansing, MI and 3Department of
Environmental Medicine, Rochester University, Rochester, NY.
The olfactory system is unique in that it forms a direct interface between the air and
the central nervous system (CNS). There is growing evidence that metals and other
xenobiotics deposited within the nose can be absorbed at this site and then undergo
transport along either the olfactory or trigeminal nerve, thus bypassing the bloodbrain-barrier. One metal of special concern to be discussed in this symposium is
manganese, a neurotoxic metal shown to be able to cross synapses in the olfactory
bulb and migrate via secondary olfactory neurons to more distant nuclei of the
brain. In some cases, direct olfactory transport is a major pathway by which an inhaled metal reaches the CNS. This symposium will present new discoveries concerning direct nose-to-brain transport of metals in the olfactory pathway. This sym-

posium will also discuss likely mechanisms by which transport occurs and interspecies differences in nasal anatomy that may play a role in metal olfactory uptake
and transport.
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COMPARATIVE NASAL STRUCTURE, FUNCTION AND
TOXICOLOGY: IMPLICATIONS FOR THE RISK OF
DIRECT TRANSPORT OF INHALED XENOBIOTICS TO
THE BRAIN

J. R. Harkema. Pathobiology, Michigan State University, East Lansing, MI.
In laboratory animals, several inhaled xenobiotics (e.g., metals, poorly soluble
nanoparticles) have been shown to pass directly from the nasal airway lumen to the
brain via olfactory sensory neurons. Exposure to these inhaled toxicants may also
cause toxicity to the olfactory neuroepithelium and olfactory bulb. The nature and
magnitude of direct nose to brain transport of xenobiotics and toxicant-induced injury to the olfactory neuroepithelium may differ among animal species. This may
be due to species-specific differences in nasal airway structure and function. The
purpose of this introductory lecture is to provide a concise review of the similarities
and differences in nasal anatomy, physiology, and toxicologic pathology among laboratory animals and humans, emphasizing important comparative aspects of the olfactory system. Rodents are obligate-nose breathers and approximately half of their
nasal lumens are lined by olfactory neuroepithelium with direct neuronal connections to the olfactory bulb. In contrast, primates are oronasal breathers with only a
small amount of their nasal lumens lined by olfactory epithelium. These species differences along with differences in nasal airflow may translate into differences in intranasal deposition of inhaled agents and subsequent transport to the olfactory bulb
and other parts of the brain. In addition, injury, adaptation and repair of the olfactory neuroepithelium may markedly alter xenobiotic transport to the brain.
Knowledge of the comparative nasal structure, function and toxicology is essential
for interpreting laboratory animal data and estimating the potential risks of nasal or
neurological damage to humans exposed to inhaled toxicants.

24

AN OVERVIEW OF NOSE-TO-BRAIN TRANSPORT OF
INHALED METALS

D. C. Dorman. CIIT Centers for Health Research, Research Triangle Park, NC.
The presence of increased olfactory bulb (OB) concentrations of manganese (Mn),
cadmium, and certain other metals in exposed rodents and fish following intranasal
instillation have raised concerns that these metals undergo direct nose-to-brain
transport via the olfactory nerve. Mn deposited in the rat nasal cavity can also be
transported to the brain via the trigeminal nerve; however, this route plays a minor
role in monkeys. Most studies evaluating anatomic structures involved in olfactory
transport rely on administration of radiolabeled metals and autoradiography.
Because Mn is paramagnetic, its relative brain distribution can also be examined
using non-enhanced magnetic resonance imaging (MRI). Brain MRI signal intensity and Mn concentrations correlate well thus, brain MRI may be used semi-quantitatively. MRI studies have revealed that the olfactory pathway does not contribute
appreciably to Mn delivery to brain sites known to be affected by Mn. The toxicological significance of increased OB Mn concentrations therefore remains poorly
understood. Olfactory nerve transport of Mn has been associated with alterations
in OB expression of astrocytic glial fibrillary acidic protein and S-100b, in rats.
Additional studies are needed to assess the relevance of these findings to human Mn
neurotoxicity. Although our understanding of the fate of inhaled Mn has improved
dramatically, far fewer studies have evaluated the mechanism by which Mn is absorbed by the olfactory epithelium and then ultimately transported. Our laboratory
is evaluating whether the divalent metal transporter (DMT-1) plays a role in the
initial uptake of inhaled Mn by the rat olfactory epithelium. The approach we are
using involves altering nasal DMT-1 expression by infecting rats with a viral vector
that has been transfected with inhibitory ribonucleic acid sequences that reduce
DMT-1 gene transcription. We have also examined normal olfactory epithelial gene
expression for transferrin and other metal transporters in rats. Studies with inhaled
iron in rats have shown that transferrin binding can appreciably affect olfactory
transport of metals.
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NEURONAL TRANSLOCATION OF INHALED NANOSIZED PARTICLES: CAUSE FOR CONCERN?

G. Oberdorster. Environmental Medicine, University of Rochester, Rochester, NY.
Deposition of inhaled nano-sized particles (NSP; <100 nm) depends on particle
size, and can be very high in all regions of the respiratory tract, in contrast to accumulation mode particles which have a low deposition efficiency when inhaled.
Once deposited, clearance pathways for inhaled solid NSP depositing in the respi-

ratory tract include their translocation to secondary organs. Studies in rats showed
that inhaled ultrafine carbon (~35 nm) and Mn-oxide (~30 nm) particles accumulated in the olfactory bulb, in agreement with earlier data showing that nasally-deposited solid NSP can be translocated along the olfactory dendrites and axons. Rat
studies with one nostril occluded confirmed the olfactory translocation route for
nano-sized Mn-oxide. After 11 days of exposure with both nostrils open, Mn concentrations in the olfactory bulbs were 3.6-fold higher than controls whereas lung
Mn concentrations only doubled, and there were also significant increases of Mn in
striatum and frontal cortex and cerebellum. Translocated NSP, depending on their
chemistry and dose, may cause serious adverse effects as indicated by increases in
TNF-α in CNS of rats and mice following exposures to different NSP. Despite differences between the human and rodent olfactory systems this neuronal pathway is
likely to be operative in humans as well. This suggestion is based on prior studies in
non-human primates demonstrating translocation of solid nano-sized particles
along axons of the olfactory nerve into the olfactory bulb. At least in the rat the
translocation of inhaled NSP along neurons of the olfactory nerve seems to be a
more efficient pathway to the CNS than via blood circulation across the bloodbrain barrier. Without any compelling data in humans, quantitative extrapolation
of the rat results to the human condition has to be done with caution. The translocation from the olfactory bulb to deeper structures of the CNS requires further
studies.
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RISK ASSESSMENT ISSUES RELATED TO OLFACTORY
TRANSPORT OF INHALED MATERIALS

M. E. Andersen. Computational Biology, CIIT-Centers for Health Research, Research
Triangle Park, NC.
Dosimetry-based risk assessments correlate toxic responses with increases in levels
of toxic compounds in target tissues. Some neurotoxicants, such as manganese
(Mn), are transported by neuronal transport after initial deposition on olfactory
mucosa (OM) and then on to the olfactory bulb (OB) olfactory tubercle (OTT),
and possibly deeper brain regions. Although it is an essential element present in all
tissues, Mn can cause toxic responses if high concentrations are reached in the basal
ganglia (globus pallidum and striatum). Studies evaluating uptake of Mn into brain
following oral or inhalation exposures, noting half-lives for uptake and loss from
tissues, cannot distinguish brain uptake by neuronal transport from blood borne
delivery. Time course studies of 54Mn uptake into specific brain regions - olfactory
bulb (OB), the olfactory tract and tubercle (OTT) and to a lesser degree, the striatum (ST) - have now been conducted providing information on transport through
these brain regions. This paper describes how compartmental and physiologically
based modeling approaches have been used to provide insights into the relative contributions of olfactory pathways and blood borne delivery for uptake of Mn into
the brain. Time-dependent distribution of Mn in the brain was evaluated from nose
only inhalation studies in rats and modeled with a 4-compartment pharmacokinetic (PK) model. The model had deposition of Mn on the OM. Subsequent compartments include the OB, OTT and striatum. The volume of each compartment
was characterized by measured weight. The majority of deposited Mn transferred
from mucosa through the OTT; however, only a small percentage of absorbed Mn,
less than 1 or 2% transslocated to the striatum. This simple PK model, coupled
with knowledge of rates of Mn uptake from blood and normal Mn levels in brain
tissues is important in assessing the risks of Mn exposures by various routes. The
paper illustrates the use of these kinetic models in evaluating expected risks from
various exposure pathways in relation to increases in tissue Mn after exposures.
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SCREENING METHODS FOR ASSESSING SKIN
TOXICITY OF NANOMATERIALS

N. Monteiro-Riviere2 and M. Cunningham1. 1Houston Advanced Research Center,
The Woodlands, TX and 2North Carolina State University, Raleigh, NC.
Nanoscale materials (whether engineered or anthropogenic) are structures with
characteristic dimensions between 1 and 100nm and are present at ever increasing
concentrations in the environment. Engineered nanomaterials include the prototype C60 molecules, otherwise known as fullerenes or “Bucky balls”, nanowires,
nanofibers, nanoscissors, and nanotubes. The manufacture of these nanomaterials
is scaling up to commercial levels. Their smaller size attributes additional physical
properties, like conductivity and reactivity, which allows them to be used in
telecommunications, alternative energy sources, and medical applications. These
engineered materials vary in their structures and physicochemical compositions.
Currently, efforts are being made to standardize the manufacturing practices, analytical and detection methods and nomenclature. However, little is known about
their toxicity and recent reports are conflicting. Dermal, inhalation and oral exposure are all major probable routes of exposure. Since the skin is the largest organ of
the body, it may be the utmost concern in terms of human health. The presentations in this symposium will address the background of these nanomaterials and
will focus on new screening methodologies for assessing their cytotoxicity utilizing
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several types of skin model systems. Methodologies will include assays for skin viability, absorption, transport and gene expression and protein expression profiling.
These presentations will provide a base line for interpretation of the toxicological
implications for occupational or potential environmental exposure that could possibly be used in risk assessment.
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ASSESSING NANOMATERIAL INTERACTIONS IN SKIN

N. A. Monteiro-Riviere. Center for Chemical Toxicology Research and
Pharmacokinetics, North Carolina State University, Raleigh, NC.
There has been explosive growth in engineering disciplines using nanomaterials
having the characteristic dimensions between 1 and 100 nm. Nanomaterials can exhibit a variety of unique chemical and physical properties. These unique properties
have placed nanomaterials in the forefront of emerging technologies and may result
in similarly unique biological effects. Despite the numerous societal benefits, little
is known of the toxicity of nanomaterials. Different types of nanomaterials including multi-wall carbon nanotubes, fullerenes (buckyballs) and derivatized fullerene
based amino acids exposed to human epidermal keratinocytes at different time
points and concentrations will be discussed. In addition, fullerene C60-NLS-FITC
at low and high dose and quantum dots were topically applied to porcine flow
through diffusion cells. The biological effects of these different types were assessed
by transmission electron microscopy, atomic force microscopy, confocal microscopy, MTT viability and cytokine assays. The interactions of nanomaterials
with cultured human epidermal keratinocytes, absorption of nanomaterials
through skin and confocal images depicting localization within skin will be presented. These results will show that pristine and functionalized fullerenes having diverse surface chemistries can be cytotoxic, elicit an inflammatory response, potentially penetrate the skin, and be localized within human epidermal keratinocytes.
Understanding these basic exposure studies are important for risk assessment since
skin is a major route of occupational or environmental scenario. (Supported by US
EPA-STAR Program #RD-831715101 and the National Academies Keck Futures
Initiative)
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GEL-BASED PROTEOMIC SCREENING OF NANOTUBE
TOXICITY IN HUMAN KERATINOCYTES
1

pogenic and engineered nanomaterials. Systems biology is a more comprehensive
approach used to capture the interactions within a cell over a period of time
and/or dose. In other words, the goal is to recreate cellular interactions over space
and time, thereby creating a model of the virtual cell. In this case, primary neonatal human epidermal keratinocytes were perturbed and reiteratively sampled over
several time points at both noncytotoxic and cytotoxic doses. From the exposed
cell culture samples, total RNA was isolated, biotinylated cRNA was made and
these target molecules hybridized onto 10,000 gene expression microarrays. The
arrays were scanned and analyzed. Comparisons between anthropogenic and engineered nanomaterials will be made. Results from similarity and predictive comparisons using both supervised and nonsupervised mathematical modeling methods
will be presented as well as specific genes and pathways which seem to be involved
in these interactions. (Supported by NSF Award #BES-0436366, HARC and the
George P. Mitchell Family.)
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S. M. Roberts. Ctr. Environment Human Toxicology., Univeristy of Florida,
Gainesville, FL.
Nanoscale materials have the potential to enter the body through routes that are inaccessible to larger particulates, such as through the skin. Evaluating the extent of
penetration of nanoscale materials through the skin presents novel challenges, particularly in their detection, identification, and quantification. Optical microscopy
can be useful in evaluating potential movement of nanomaterials into the skin, particularly when the nanomaterial is tagged with a fluorescent probe. However, the
ability to visualize individual particles is limited. Individual particles can be observed with electron microscopy, but this technique also has a number of practical
drawbacks. Approaches for assessing the dermal penetration of nanomaterials and
for identifying significant pathways of absorption in vitro through mouse and
human skin will be presented and illustrated using examples from studies with fluorescent silica, quantum dots and selected metal oxide nanomaterials.
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F. Witzmann and N. Monteiro-Riviere . Cellular & Integrative Physiology,
Indiana University School of Medicine, Indianapolis, IN and 2Center for Chemical
Toxicology Research and Pharmacokinetics, College of Veterinary Medicine, North
Carolina State University, Raleigh, NC.
Recent studies in skin, lung and digestive organs reveal that carbon nanoparticles
are taken up by cells and consequently absorbed into the blood, creating the potential for nanotoxicologic effects nearly anywhere in body. Currently, little is known
regarding the interaction between manufactured carbon nanoparticles and biological tissues, either at the point of exposure or in downstream targets. Nevertheless,
like other toxicities, the cellular effects of nanoparticle exposure can be expected to
involve differential protein expression, including both quantitative and qualitative
alterations. To generate a preliminary protein profile of nanoparticle dermal toxicity, we analyzed human epidermal keratinocytes (HEK) exposed to multiwall carbon nantotubes (MWCNT) in cell culture for 24 and 48 hours using large-format,
highly parallel two-dimensional electrophoresis and mass spectrometry. We used an
exposure protocol that has demonstrated that MWCNT, neither derivatized nor
optimized for biological application, are capable of both localizing within and initiating an irritation response in HEK, a target epithelial cell that composes a primary
route of occupational exposure for manufactured nanotubes. This presentation will
address the utility of the 2-D gel-based proteomic approach in studying nanoparticle effects in vitro, documenting quantitative changes in individual protein expression, identifying the protein targets of toxicity, and suggesting technical strategies
for improved expression analysis. Supported by AFOSR Grants F49620-002-10089 and FA9550-05-1-0216 to FAW.

GENE EXPRESSION PROFILING AND A SYSTEMS
BIOLOGY APPROACH TO THE SCREENING OF
NANOSCALE MATERIALS

M. Cunningham. Houston Advanced Research Center, The Woodlands, TX.
Nanoscale materials vary in their composition and structure and are currently
being manufactured on a commercial scale. Previous work is divided on the assessment of their toxicity. Gene expression microarrays have been used to assess toxicity in the pharmaceutical area, aiding in prioritizing several thousands of drug candidates. In the experiments which will be presented, microarrays were combined
with a systems biology approach to profile the gene expression of both anthro-
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TOWARDS THE VIRTUAL HUMAN: ADDING MORE
PHYSIOLOGICAL DETAIL TO BIOLOGICALLY BASED
MODELS USED IN RISK ASSESSMENT

T. S. Poet2 and R. S. DeWoskin1. 1USEPA, Research Triangle Park, NC and 2Pacific
Northwest National Laboratory, Richland, WA.
Biologically based models have proven applications in risk assessment, drug development, and health care primarily based upon their ability to predict outcomes and
extend the usefulness of limited data sets. Biological models also help integrate diverse sets of data from in vitro and in vivo studies (and the many “omics” technologies) into a coherent theoretical framework of a chemical’s mode of action. The
most common biological models currently used in risk assessments are physiologically based pharmacokinetic (PBPK) models, which simulate the pharmacokinetics
of a toxin, generally at the whole body and organ level. A natural outcome of the increased use of biological models in risk assessment is an interest in ever increasing
levels of physiological detail, with the ultimate goal being a highly predictive whole
body or virtual human model. Progress has been slow, however, in part because of a
lack of interaction between the physiology modeling community with its focus on
medical applications and the PBPK modeling community with its focus on risk assessment. This workshop begins to bridge some of this gap by presenting an
overview of the state of physiology modeling, some examples of systems level physiology models, a case study of a hybrid physiology/PBPK model with improved
predictive capability, and a discussion of the challenges to using existing physiology
models in risk assessment.
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ASSESSING DERMAL PENETRATION OF
NANOMATERIALS BY LIGHT AND ELECTRON
MICROSCOPY

CURRENT STATUS AND CHALLENGES IN THE USE OF
PHYSIOLOGY MODELS IN RISK ASSESSMENT

R. S. DeWoskin1 and T. S. Poet2. 1USEPA, Research Triangle Park, NC and
2
PNNL, Richland, WA.
Progress in PPBK/PD model use in risk assessment is primarily constrained by limited data to calibrate and test model structures, and our limited understanding of
normal physiology. To evaluate how knowledge and data generated by the physiology community might improve PBPK/PD models, we initially surveyed the literature for physiology models and their applications. Physiology models have a longer
historical presence than PBPK models, and have been used extensively in medicine
and biological research for over 50 years. Continued advances in imaging techniques greatly increased the available data to develop quantitative physiology mod-

els at many levels of biological organization. Physiological models support more accurate pathophysiologic evaluation and prognosis, better monitoring of disease,
and improved ability to choose among treatment regimens. Most physiology models, however, address cell or subcellular processes, reflective of the reductionist trend
of the past 40 years. More recently, an interest in systems level modeling prompted
the Physiome Project, a multicenter, integrated program to develop a comprehensive (i.e., virtual human) physiology model (see presentation by Bassingthwaighte).
Advanced physiological modeling of subsystems such as the respiratory system are
also on-going (see presentations by Bassingthwaighte and Corley). These modeling
efforts are critical to improved dosimetry and risk assessment. We also found an example of a multi-organ, multi-function computer simulation model (the QCP
model) coupled to a PBPK model for use in risk assessment (see presentation by
Coleman and Benignus). The presentations in this workshop will illustrate the
challenges in using physiology models in risk assessment including: 1) coupling or
testing models developed with different software, conceptual or logistical structures; 2) balancing model parsimony and more physiological detail; 3) limited theoretical understanding of how functions are integrated within or between biological
levels of organization; and 4) data validation, model transparency and quality requirements for use in risk assessment.
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THE PHYSIOME IN PHARMACOKINETICS,
PHARMACODYNAMICS AND TOXICOLOGY

J. B. Bassingthwaighte, A. Matuszkiewicz, M. Krueger, J. S. Park, G. M.
Raymond, E. Butterworth, M. Neal and M. Hlastala. University of Washington,
Seattle, WA. Sponsor: R. DeWoskin.
The major long-range goal of the Physiome Project is to describe quantitatively the
physiology of the human organism, and to use this understanding to improve
human health. Models of human physiology integrate knowledge at successive levels of biological organization from genomics and molecular biology; to cells, tissues,
organs; and to the regulation of the body’s integrated systems interacting with the
environment. Top-down modeling of particular systems has already proven its value
in new drug design; such models can be broadly based and well validated against
large amounts of experimental evidence. Even so, they cannot predict a new drug’s
potential side effects beyond the particular system that is modeled. Large scale detailed models, for example, of the cardiovascular/respiratory/transport system for
solute exchange are more useful in predicting systemic responses to interventions.
These models are hierarchical, with representation at different biological levels including 1) regulation of transcription and protein metabolism; 2) processes in cells
and tissues, and 3) organ and system level interactions. Our work in modeling respiratory gas and solute exchange provides an example. We developed transport
models (in JSim, a Java-based simulation system) using one-dimensional partial differential equations of solute absorbance profiles along airways, and extraction or reaction along capillaries. Spatial profiles of tissue concentration are determined by
rates of permeation, binding or transformation in each tissue cell type. Gas exchange across airway walls depends on bronchial blood flow as well as air flow. The
model simulates tracer study data, with rate constants dependent on parent compound concentrations in a multipath system of heterogeneous organs with recirculation throughout the body. The model is useful in pharmacokinetic and pharmacodynamic data analysis.
(Supported by NIH grants R01-HL073598-01, R01-EB001973-24 to develop
JSim and to distribute it for free at http://nsr.bioeng.washington.edu, and DARPA
X81XWH-04).
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ADVANCEMENTS IN MODELING THE RESPIRATORY
SYSTEM

R. A. Corley1, K. R. Minard1, D. R. Einstein1, R. E. Jacob1, S. Kabilan1, L. L.
Trease1, E. A. Hoffman2, E. Postlethwait3, C. Plopper4, J. S. Kimbell5, J. R.
Harkema6, M. Hlastala7 and C. Timchalk1. 1Pacific Northwest National
Laboratory, Richland, WA, 2University of Iowa, Iowa City, IA, 3University of
Alabama at Birmingham, Birmingham, AL, 4University of California at Davis,
Davis, CA, 5CIIT Centers for Health Research, Research Triangle Park, NC,
6
Michigan State University, Lansing, MI and 7University of Washington, Seattle, WA.
3D Computational fluid dynamic (CFD) models of the respiratory system can significantly improve human health risk assessments for inhaled gases, vapors or
aerosols and enhance drug delivery research. Historically, such models were difficult
to construct and focused on only a few animals and humans and discrete regions of
the respiratory tract (i.e. nose, larynx or lung). Consequently, validated anatomically and physiologically correct models of the complete respiratory system of different species, ages or disease states are lacking. Several advancements are being
made in multiple laboratories to overcome these obstacles. For example, high-resolution magnetic resonance (MR) and X-ray computed tomography (CT) imaging
methods and digital analysis procedures significantly increase the speed and accuracy of model development. Gas phase imaging and mass spectrometry are increas-

ingly being utilized for disease diagnostics, studying gas exchange, validating CFD
simulations, and particle detection. Advances in multi-scale computing and systematic data collection are evolving to extend airway models to the cellular level for dynamic responses. For inhaled materials with systemic effects, hybrid CFD/PBPK
models have been a useful intermediate step between detailed respiratory system
models and the whole body. As these tools continue to evolve, atlases of airway
geometries and functional characteristics are being constructed that will facilitate
analyses of variability, reduce uncertainties in animal to human extrapolations, and
contribute to a more quantitative representation of environment-disease interactions. (Supported by NIH R01-HL073598-01A1, P01-ES011617-01A1, RO1HL-064368; Arvesta Project 47542; and DOE 40403 and 46109).
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COUPLING THE QCP INTEGRATIVE HUMAN
PHYSIOLOGY MODEL AND THE TOLUENE PBPK
MODEL TO SIMULATE COMPLEX EXPOSURE
SCENARIOS IN HUMANS

T. Coleman2 and V. Benignus1. 1USEPA, Research Triangle Park, NC and
2
Biological Simulators, Inc., Jackson, MS. Sponsor: R. DeWoskin.
QCP is a computer program written in open code that contains a mathematical
representation of human physiological function at the organ and cellular level. The
program initially focused on quantitative circulatory physiology (thus its acronym
QCP), and has expanded to represent circulation, lungs, kidneys, hormones, nervous system, metabolism, acid-base balance, temperature regulation and more. QCP
consists of separate modules of differential and algebraic equations that each encode
knowledge about an organ or physiological process. The modules are functionally
related to simulate physiological changes as a function of time and as the consequence of specific events. Events that can be simulated include changes in environment, exercise, diet, disease, and injury.
A simple, earlier QCP model simulation is first demonstrated - the long-term relationship between arterial pressure and cardiac output by way of renal function and
regulation of body fluids (Guyton and Coleman, 1967). Then, QCP’s current capability is demonstrated in a simulation of an accidental carbon monoxide poisoning and the physiological consequences of physical work. Numerical and graphical
results of a number of organ functions in the body will be presented. Finally, an example is discussed of the coupling of a QCP simulation for respiratory and circulatory function with a PBPK model simulation of chemical disposition. In this work,
input values to the PBPK model for physiological variables (e.g., cardiac output,
alveolar ventilation, organ perfusion) are provided as a continuous function of time,
changing as the consequences of whatever event is simulated (e.g., exercise, inhaled
atmosphere gasses, altitude).
The combined QCP-PBPK model has immediate practical application in risk assessment with more realistic simulations of actual exposure conditions and events
than previously possible. As important, the QCP-PBPK simulations support an improved theoretical understanding of physiology at the multi-organ and systems
level, and more targeted experimental designs.
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EFFECT OF SILVER NANOPARTICLES ON SRC
ACTIVITY IN MALE GERM-LINE STEM CELLS

L. K. Braydich-Stolle1, S. Hussain2, J. J. Schlager2 and M. Hofmann1. 1Biology,
University of Dayton, Dayton, OH and 2Air Force Research Laboratory, Wright
Patterson Air Force Base, Dayton, OH.
Gametogenesis is a complex biological process that is particularly sensitive to environmental insults such as chemicals and physical stressors. Exposure to specific
chemicals has been shown to inhibit fertility through a negative impact on germ
cell proliferation and differentiation that can lower sperm count. In addition, toxicants might produce mutations that could have negative consequences on the development of the offspring. A previous study showed that a spermatogonial stem
cell line, called C18-4, provides a sensitive model to assess the cytotoxicity of
nanoparticles in the male germ line. We also found that Ag-15nm was more toxic
than Al-30nm and MoO3-30nm for spermatogonial stem cell proliferation. The
purpose of the present study was to determine the effects of various sizes of Ag
nanoparticles on the C18-4 cell line using standard cytotoxic assays. We also assessed the impact of Ag nanoparticles on Src signaling, since the activation of this
kinase allows normal spermatogonial stem cells to proliferate. Mitochondrial function (MTS) data showed that Ag-130nm was not toxic to the cells, but smaller particles showed toxicity. Membrane leakage was increased by treatment with the Ag25nm and Ag-30nm particles, even at low concentrations (5 µg/ml). However, no
membrane leakage was apparent when the cells were treated with Ag-130nm.
Further, we have found that the activity of Fyn (a member of the Src family of cytoplasmic kinases) is significantly reduced when the cells are treated with Ag
nanoparticles. This inhibition increases with the size of the nanoparticles, with no
activity detected above a size of 30 nm. Therefore, the inhibition of C18-4 stem cell
proliferation by nanoparticles might be caused by two independent mechanisms:
an inhibition of the Fyn kinase activity and a decrease of mitochondrial function.
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BULKY DNA ADDUCT REPAIR ENZYME XPA IN EARLY
DEVELOPMENT OF ZEBRAFISH

B. Mahadevan, E. Brooks, J. Atkin, M. J. Reimers, R. L. Tanguay and W. M.
Baird. Environmental and Molecular Toxicology, Oregon State University, Corvallis, OR.
Human exposure to polycyclic aromatic hydrocarbons (PAH) present in all combustion products of organic matter, including cigarette smoke is related to induction of lung cancer and may be related to induction of tumors in other tissues. PAH
are activated by the cytochrome P450 enzymes to form ultimate carcinogenic
metabolites that form covalent DNA adducts in a number of tissues. If this DNA
damage is not repaired, it can contribute to mutagenesis, carcinogenesis and cellular lethality. To date, little is known about the carcinogenesis and repair of PAHDNA adducts in fetus or neonates. In this study we have utilized the zebrafish
model to evaluate the role of nucleotide excision repair enzyme XPA upon early exposure to rodent transplacental carcinogens benzo[a]pyrene (BP), and
dibenzo[a,l]pyrene (DBP). Exposure of zebrafish with carcinogenic-PAH for 48
hours post fertilization (hpf ) resulted in several malformations such as pericardial
and yolk sac edema, small and enlarged heart, curved tails and other developmental
problems. Teratogenesis assay revealed an increase in the mean severity of malformations with the dose of the carcinogenic PAH administered. Detectable levels of
DNA adducts were observed by 33P postlabeling technique in zebrafish (24 hpf )
exposed to 5 ppm of BP and DBP. High levels of DNA binding (5-21 pmol/mg
DNA adducts) was observed when zebrafish were exposed to 10 ppm of BP or DBP
at 4 and 24 hpf. To evaluate the DNA repair role of XPA during early development,
phosphorodiamidate morpholino oligomers (PMO) were designed to knock down
the expression of XPA prior to exposure to BP or DBP. A significant increase in
PAH-DNA adduct levels was observed in zebrafish injected with PMO compared
to those exposed to PAH alone. Overall, the data suggests that zebrafish is a valuable
model system to study both carcinogenesis and repair during early development.
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ASSESSMENT OF DEVELOPMENTAL NEUROTOXICITY
IN ZEBRAFISH AFTER EXPOSURE TO
ENVIRONMENTAL TOXINS

C. Willett, N. Roy, Y. Lin, C. Ton, C. Parng and P. McGrath. Phylonix
Pharmaceuticals, Inc., Cambridge, MA. Sponsor: L. Costa.
The developing brain is particularly sensitive to chemical toxins, and exposure during development has been implicated in neurological diseases and mental retardation. Zebrafish is uniquely suited as a model for developmental neurotoxicity since
it shares many anatomical and molecular features of embryonic brain development
with other vertebrates, including man, and has experimental advantages, including
a transparent embryo, rapid ex-utero development and simple chemical delivery. To
investigate the applicability of zebrafish as a model for developmental toxicity, we
used 7 well characterized toxins to examine several parameters of neurotoxicity: 1)
apoptosis in the brain (as an indicator of general neurotoxicity; Parng, C. 2005.
Curr. Opin. Drug Discov. Devel. 8: 100 – 106; Parng, et al. 2005. Meths, Cell Biol.
76: 75-85), 2) axon tracts in the brain and tail, and effects on two specific neural
cell populations: 3) motor neurons in the tail and 4) catecholaminergic neurons.
Our results showed that apoptosis is a good indicator of specific neural defects and
that a decrease in motor neurons in the tail correlates with expected defects in
motor behavior. Significantly, our results showed a striking correlation with findings in mammals. In addition, we calculated teratogenicity to evaluate if the observed neurotoxicity is specific or likely due to a general effect on development. We
used a modified Teratogenicity Index (TI) previously developed by our Company
(Zhang et al. 2003. Curr. Prot. Toxicol., John W Wiley & Sons, Inc., NY). Our results showed that DDT and TCDD were highly teratogenic, and thus the neural effects are part of a more complex developmental phenotype. Again, our results correlated very strongly with teratogenicity seen in mammals. Overall, our results show
that zebrafish is a predictive animal model for neurotoxicity screening and that
whole animal neurotoxicity assays are reproducible.
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WORMTOX: TOXICOLOGICAL SCREENING TOOLS
USING THE NEMATODE Caenorhabditis elegans

W. Boyd1, S. McBride2, J. Rice1, D. Snyder1 and J. Freedman1, 2. 1Laboratory of
Molecular Toxicology, NIEHS, Research Triangle Park, NC and 2NSOEES, Duke
University, Durham, NC.
The National Toxicology Program (NTP) is responsible for the development of
sound scientific tests designed to estimate the effects of chemicals on human health.
The NTP Roadmap includes the development of high and medium throughput
toxicological screening technologies and the use of alternative species. The numerous advantages of using Caenorhabditis elegans as a model organism have led to a
rise in their use in toxicological studies. Short life cycles, easy and inexpensive
maintenance and culturing, and detailed biological knowledge allow for the devel-
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opment of rapid, low-cost toxicity tests that readily lend themselves to mechanistic
studies of toxicant actions. Here we report on the development of technologies to
screen potential neurological and developmental toxicants using C. elegans.
Sublethal toxicity endpoints including growth, reproduction, movement, and feeding are automated using two liquid handling robotic workstations; a Complex
Object Parametric Analyzer and Sorter (COPAS) BIOSORT for dispensing and
analyzing organism length and fluorescence; and an imaging workstation for motion tracking and multidimensional image analysis. To optimize the number of
chemicals screened, 96-well plate formats are used for sample preparation, dispensing of test organisms, and quantification of specific toxicological endpoints. As
worms are dispensed, the BIOSORT measures the time of flight (i.e., length), optical absorbance, and green and red fluorescence for each nematode. After toxicant
exposures for growth, reproduction, or feeding, the samples are aspirated with the
COPAS REFLX and the same four parameters are measured. Movement tracking
and image capturing of worms are performed with a microscope and imaging software. For each test, the effective concentration that results in a 50% reduction in response relative to controls (EC50) is then calculated. Many chemicals have been
screened to date and cadmium data will be presented to illustrate representative results for each endpoint.
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A HIGH SPECIFICITY, HIGH THROUGHPUT IN VITRO
GENOTOXICITY SCREENING ASSAY IN HUMAN CELLS

R. Walmsley1 and P. W. Hastwell2. 1Gentronix LTD., Manchester, United Kingdom
and 2GSK, Ware, United Kingdom. Sponsor: S. Dean.
The GreenScreen HG assay in human lymphoblastoid cells is a novel and rapid
mammalian in vitro assay with a low compound requirement (<1 mg) developed
for high throughout genotoxicity assessment of pharmaceuticals. This assay utilises
a novel GFP reporter based on the human GADD45a gene to detect increased
genotoxin dependent gene expression.
The objective of this study was to evaluate how well the mammalian screening assay
anticipates the results of regulatory tests for genotoxicity (i.e. the Ames test, in vitro
Mouse Lymphoma assay and in vitro and in vivo Micronucleus and Chromosome
aberration tests), and ultimately rodent carcinogenicity.
In a typical assay, 10mM solutions of a test compound were serially diluted across a
96 well microplate (4 compounds per plate). The test compounds were incubated
for 48 hours with a reporter and a control cell line. Absorbance and fluorescence
measurements were used to provide quantitative assessments of cytotoxicity and
genotoxicity respectively. Subsequent automated data processing provided strong
positive, positive or negative results for cytotoxicity and genotoxicity.
In this study we report assay results from 65 compounds including a number of direct acting genotoxins, topoisomerase inhibitors, aneugens, nucleotide synthesis inhibitors, reactive oxygen species, non-genotoxic compounds and various questionable genotoxins that are associated with high levels of cytotoxicity. Comparison of
the data with the outcome of regulatory genetic toxicology tests showed that the
assay did not generate any unique positive results and few false negative results.
Therefore, we conclude that the GreenScreen HG assay has a high predictivity for
the regulatory genotoxicity assay test battery and consequently provides a rapid
mammalian in vitro genotoxicity screening tool to assist pre-candidate drug selection and ranking
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IN VITRO ANALYSIS OF THE SENSITIZING PROPERTIES
OF OXIDATION AND METABOLIC PRODUCTS OF PPHENYLENEDIAMINE AND P-TOLUYLENEDIAMINE

P. Aeby1, O. Goettel1, H. Beck1, L. Chassot1, F. Protopapa1, S. Rossier1 and C.
Goebel2. 1Toxicology, Cosmital SA, Marly, Switzerland and 2Product Safety, Wella
AG, Darmstadt, Germany. Sponsor: F. Gerberick.
Immature dendritic-like cells obtained by in vitro differentiation of human peripheral blood monocytes (PBMDCs) express maturation markers upon contact with
sensitizing chemicals. We could thus develop an in vitro assay based on the measurement of different maturation markers in PBMDCs for analyzing the sensitizing
properties of chemicals. Briefly, PBMDCs are exposed for 3 to 30 hours to the test
chemicals. Maturation is evaluated by flow cytometric measurement of the percentage of CD86 positive cells and quantitative measurement of interleukin-1β, interleukin 8 and aquaporin P3 mRNAs expression using the Lightcycler® real time
PCR system. This approach was used for evaluating the influence of oxidation and
skin metabolism on the sensitizing properties of p-phenylenediamine (PPD) and ptoluylenediamine (PTD). Oxidation effects were explored using PPD’s oxidation
products obtained through pre-oxidization with equimolar amount of
K3[Fe(CN)6] and with Bandrowski’s base (BB). Acetylation being a major pathway
in human, mouse and rat hepatocytes as well as in human keratinocytes, mono- and
di-acetylated PPD and PTD were synthesized and evaluated. Fresh PPD modulated
DC maturation markers at relatively high concentrations whereas oxidized PPD
and BB were much more potent inducers. Fresh PTD was a potent inducer and did

not need a prior oxidization step. On the other hand, mono- and di-acetylated PPD
or PTD did not induce relevant DC maturation. In vivo experiments with the
murine local lymph node assay showed similar results, supporting our in vitro findings. We conclude that the described in vitro test system allows a precise analysis of
the sensitizing properties of chemicals. Further refinements like co-culture with
metabolically active cells or pre-incubation with S9-mix are being evaluated and
should open a new in vitro window on the effects of skin metabolism, further improving product safety.
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IN VITRO IDENTIFICATION OF CONTACT ALLERGENS
TEST BASED ON THE ACTIVATION OF U937 CELLS

F. Python1, 3, C. Goebel2 and P. Aeby1. 1Toxicology, Cosmital SA, Marly,
Switzerland, 2Product Safety, Wella AG, Darmstadt, Germany and 3Supported by
The European Cosmetic Toiletry and Perfumery Association, COLIPA, Brussels,
Belgium. Sponsor: F. Gerberick.
During the sensitization phase of allergic contact dermatitis, immature dendritic
cells (DCs) become activated by contact allergens which penetrate the skin.
Activated DCs secrete cytokines such as interleukin-1β (IL-1β) and express costimulatory molecules such as CD86. After migration into the lymph nodes, mature DCs present processed allergens to naive T-cells. In order to develop alternatives to animal tests in the cosmetic industry and to respond to the requirements of
the EU 7th Amendment to the Cosmetics Directive, we have developed an in vitro
test system based on the activation of dendritic-like cells for the identification of
contact allergens. The human monocytic cell line U937 was used as a surrogate for
immature DCs in our study. Cells are seeded in 12-well plates in the presence of
very low concentration of IL-4, exposed to test items for 24, 48 and 72 hours, collected and analyzed by flow cytometry for CD86 expression and by quantitative
real time reverse transcriptase-polymerase chain reaction (RT-PCR) for IL-1β and
IL-8 gene expressions. Eight sensitizers, three non-sensitizers and five oxidative hair
dye precursors were examined for dose effects and in kinetic studies. Results showed
specific modulations of CD86, IL-1β and IL-8 for the 16 tested chemicals, indicating that our in vitro activation test was able to discriminate contact sensitizers from
non-sensitizers. Moreover, the in vitro classification of the five oxidative hair dye
precursors as potential sensitizers correlated well with the results obtained in vivo
using the murine local lymph node assay. Finally, based on the three markers used
in our test protocol, a classification strategy is proposed to assess the sensitizing potential. Altogether, our results suggest that a combination of at least two markers at
more than one time point is needed to establish a reliable classification system.
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XENOBIOTIC METABOLIZING ENZYME (XME)
EXPRESSION IN THE EPIDERM IN VITRO HUMAN
SKIN EQUIVALENT: UTILITY FOR ASSESSING DERMAL
BIOTRANSFORMATION OF PHARMACEUTICALS,
COSMETICS AND ENVIRONMENTAL CHEMICALS

G. Stolper1, J. Bolmarcich1, M. Aardema2, T. Hu2, R. D. Curren3, M.
Klausner1, J. Kubilus1 and P. J. Hayden1. 1MatTek Corp., Ashland, MA, 2Procter
& Gamble Company, Cincinnati, OH and 3The Institute for IN VITRO Sciences,
Gaithersburg, MD.
Human skin contains xenobiotic metabolizing capabilities provided by a variety of
phase I (oxidative) and phase II (conjugative) enzyme systems. These XMEs can
play an important role in biotransformation of topical drugs, cosmetics and environmental chemicals. For example, dermal metabolism may lead to activation of
pro-drugs, degradation of drug activity, or formation of toxic/mutagenic metabolites. The present work evaluated expression of XMEs in a highly differentiated in
vitro model of human epidermis (EpiDerm, EPI-200). Affymetrix gene expression
microarrays were utilized to compare baseline XME gene expression in EpiDerm to
that of excised human skin. Numerous XMEs including cytochrome P450s (CYPs),
epoxide hydrolases, flavin-containing monooxygenases, N-acetyltransferases, glutathione peroxidases, glutathione S-transferases (GST) and UDP glycosyltransferases were detected, with a high concordance between specific XMEs expressed in
the ex vivo skin and the EpiDerm model. Additional RT-PCR gene expression experiments were conducted to evaluate baseline and inducible expression of CYP
isoforms in EpiDerm cultures. 3-Methylcholanthrene (3MC) and β-naphthoflavone (βNF) strongly increased expression of CYP1A1 and CYP1B1, and
slightly enhanced expression of CYP2C19, CYP2D6, CYP3A4 and CYP3A5.
Enhanced metabolism of the CYP1A1 and CYP1B1 substrate ethoxyresorufin confirmed an increase in activity following treatment with 3MC or βNF. Total GST activity in EpiDerm was also evaluated by measuring conjugation of glutathione with
1-chloro-2,4-dinitrobenzene. High baseline GST activity was not further enhanced
by 3MC or βNF treatment. The results demonstrate that the EpiDerm in vitro
human skin equivalent possesses numerous in vivo-like XME activities and may
thus be useful for evaluating dermal metabolism of drugs, cosmetics and environmental chemicals.
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COMPARATIVE EVALUATION OF BENZALKONIUM
CHLORIDE ON IN VITRO RABBIT AND HUMAN
CORNEAS

D. Ghate1, G. Holley1, D. Bagley2, M. Blazka2 and H. F. Edelhauser1.
1
Ophthalmology, Emory University Eye Center, Atlanta, GA and 2Research and
Development, Colgate-Palmolive company, Piscataway, NJ.
Purpose: To develop an in vitro technique for comparison of corneal toxicity of surfactants in isolated rabbit and human corneas. Methods: Rabbit eyes were obtained
from Pel-Freeze, and human corneas, stored in Optisol GS™, were obtained from
the Georgia Eye Bank. Corneas were isolated and mounted for endothelial perfusion in an in vitro specular microscope. Benzalkonium chloride (BAC) was applied
topically to the corneas with and without an intact epithelium during which time
the corneal endothelium was continuously perfused with BSS Plus. The effects of
0.005%, 0.01%, 0.1% and 1% BAC on rabbit corneal swelling were evaluated after
3-, 9- and 18-min exposures and on the human corneal tissue after 3-min.
Following exposure, BAC was removed and the corneas were perfused with BSS
Plus and the corneal thickness was measured half hourly for 3 hours. The corneas
were fixed for histological evaluation by light and electron microscopy. Results: In
the rabbit cornea, BAC showed time and concentration dependent corneal swelling
and structural changes with associated damage to the endothelial layer. Human
corneas exposed to the BAC for 3-min showed similar corneal alterations as observed in the rabbit corneas. Conclusion: This study demonstrates that this technique can use commercially available rabbit corneas to examine early BAC-related
changes in histopathology. Furthermore, the pattern of damage seen in the human
cornea was similar to that of the rabbit.
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A DOSE-RESPONSE STUDY OF THE TOXICITY OF A
MIXTURE OF 7 N-METHYL CARBAMATE PESTICIDES
IN ADULT, MALE RATS

S. Padilla1, W. Setzer2, R. S. Marshall1, D. L. Hunter1, P. Phillips1, K.
McDaniel1, V. C. Moser1 and A. Lowit3. 1NTD, USEPA, Research Triangle Park,
NC, 2NCCT, USEPA, Research Triangle Park, NC and 3OPP, USEPA,
Washington, DC.
There is scarce knowledge regarding the toxicity of pesticide mixtures, especially
mixtures of the anticholinesterase N-methyl carbamates. A mixture study was conducted using 7 N-methyl carbamates (carbaryl, carbofuran, formetanate HCl, methiocarb, methomyl, oxamyl, and propoxur). The proportion of the carbamates in
the mixture was based on relative potency factors: they were combined in an
equipotent manner using the individual-chemical BMD10 values (calculated from
the individual dose-response curves) as the point of comparison. The composition
of the mixture was 41.6% carbaryl, 1.5% carbofuran, 1.6% formetanate HCl,
19.6% methiocarb, 5.1% methomyl, 1.5% oxamyl, and 29.1% propoxur. The
mixture study consisted of 13 dosage groups with 10 male, Long-Evans rats (90
days old) in each group. Carbamates were given in two vehicles: either corn oil (carbaryl, carbofuran, methiocarb and propoxur) or water (formetanate, oxamyl, and
methomyl). Every animal received both vehicles, one dose immediately after the
other. Five different dosage levels of the mixture were given, predicted to produce
<5%, 10%, 25%, 45% or 60% brain cholinesterase inhibition, and also each carbamate was given alone at a previously tested dosage to confirm the original doseresponse data. Motor activity evaluations were conducted starting at 15 minutes
after dosing, and brain tissue was taken at 40 minutes for measurement of
cholinesterase activity using a radiometric assay. Comparison of the predicted and
experimental brain cholinesterase data indicated that the dose-additive model predicted the degree of cholinesterase inhibition within the 95% confidence limits at
each dose. These data suggest that the acute toxicity of a mixture of N-methyl carbamate pesticides behaves in a dose-additive manner, as is the default assumption
for a group of chemicals with the same mechanism of toxicity. This is an abstract of
a proposed presentation and does not reflect EPA policy.
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EXPLORING THE USE OF Caenorhabditis elegans AS A
MODEL FOR MAMMALIAN NEUROTOXICITY USING
CARBAMATE PESTICIDES

P. C. Melstrom and P. L. Williams. Environmental Health Science, University of
Georgia - Athens, Athens, GA.
This study was undertaken to determine whether the nematode, Caenorhabditis elegans, could predict the neurotoxicity of 12 carbamate pesticides. After exposing
samples of ~100 worms to 5 different concentrations of each carbamate for 4 hours,
the average effect on the worms’ movement was measured in each sample using a
video camera and motion-tracking software. Three replicates were performed in
order to construct a concentration-response curve, from which an EC50 was calculated. The EC50s were ranked by potency and compared to the rankings of oral
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acute LD50’s from both rat and mouse models using Spearman’s Rank Order
Correlation Coefficient. The percent inhibition of active acetylcholinesterase was
also determined by exposing C. elegans to the same 12 carbamates, measuring the
active acetylcholinesterase activity and comparing to control values; a concentration
response plot was constructed for each carbamate. The ranking comparisons for
movement to both rat and mouse were significant to α = 0.05. A concentration-dependent decrease in acetylcholinesterase activity indicates that the mechanism of
neurotoxicity is the same in C. elegans as it is in mammals. C. elegans shows promise
as a quick and inexpensive screening organism to predict mammalian neurotoxicity.
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COST-EFFECTIVE OPTIMIZATION OF A
NEUROPATHOLOGY PROTOCOL FOR USE IN
REGULATORY DEVELOPMENTAL NEUROTOXICITY
STUDIES

D. De Groot1, M. Otto1, M. Moerkens1, M. Waanders1, L. vd Horst1, S.
Hartgring1, M. Pelgrim1, D. Waalkens1, J. Lammers1, M. Bos1, W. Kaufmann2,
J. O’Callaghan3, H. Gundersen4, M. Lundberg4, S. Sorensen5 and B.
Pakkenberg5. 1TNO Quality of Life, Zeist, Netherlands, 2NIOSH, Morgantown,
WV, 3BASF, Ludwigshafen, Germany, 4University, Aarhus, Denmark and
5
Res.LAB..Sterol.&Neurosc., Copenhagen, Denmark. Sponsor: V. Feron.
In a regulatory developmental neurotoxicity (DNT) study (EPA OPPTS
870.6300) with rats we used a tiered morphological approach (brain sizeÇ 2D linear morphometryÇ 3D stereology) to demonstrate that prenatal exposure to
methylazoxy methanol (MAM; doses up to 7.5 mg/kg/day; PD 13-15) causes substantial effects on brain morphology, as shown by 2D and 3D morphometry /stereology, which go unrecognized during slide reading. Significant effects of perinatal
exposure to methyl mercury (MeHg; doses up to 1 mg/kg/day; GD6-PD10) were
demonstrated by 3D stereology only and missed by 2D morphometry. Together,
the results demonstrated that each tier in the approach contributed to refinement of
the search for the predilection areas of MAM and MeHg. The discriminative
strength of the endpoints increased along with each step of the tiered approach,
while their use as apical test decreased. We believe that the use of this tiered approach increases the probability to pinpoint the location and extent of developmental brain lesions. Based on the opinion that quantification of morphological
changes during development of the brain is essential, the tiered approach would
perfectly fit into the regulatory Developmental Neurotoxicity test protocol.
Therefore, we developed an efficient and cost-effective histology protocol that uses
thick systematically cut sections as the starting material for all steps of the tiered approach. The embedding and sectioning procedures by itself are reduced to 1/3rd of
their original workload. In addition, a sampling design to study total volumes of 10
major predefined brain regions relevant from a toxicological point of view is introduced as apical stereological endpoint. From this endpoint, further refinement is
achieved through 2D linear morphometry. The protocol appears to be efficient and
time and money saving.
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A FUNCTIONAL OBSERVATIONAL BATTERY (FOB)
COMPARISON STUDY OF 12 PYRETHROIDS IN RATS

L. P. Sheets1, D. E. Sargent1, M. Nemec2, C. Breckenridge1, M. R. Creek1, L.
S. Mullin1, J. Sharp1 and M. L. Weiner1. 1Toxicology Committee, Pyrethroid
Working Group, Research Triangle Park, NC and 2WIL Research Laboratories, LLC,
Ashland, OH.
This study evaluated the neurobehavioral effects of 12 pyrethroids in adult male
Sprague-DawleyTM rats (10 per dose group) following a single oral dose, using an
FOB that was tailored to include signs associated with these and other pyrethroids.
All compounds were technical-grade and were administered by gavage in corn oil at
a volume of 5 ml/kg. Two or three dose levels were selected for each compound to
include the range of neurobehavioral responses - from a minimally-toxic dose level
to one that produced the full range of responses. The FOB was performed before
treatment and again at the time-of-peak effect determined for each pyrethroid (2, 4,
or 8 hrs post-dosing) by technicians who were blinded to the dose group and chemical. Groups of pyrethroids with the same time-to-peak effect were evaluated together, with a concurrent vehicle control included for every 1-3 compounds. The
test groupings were as follows: 2 hr: beta-cyfluthrin, S-bioallethrin, fenpropathrin;
4 hr: lambda-cyhalothrin, cypermethrin, permethrin, resmethrin, deltamethrin,
pyrethrins; and 8 hr: tefluthrin, esfenvalerate, bifenthrin. The findings for each
pyrethroid will be presented and compared with classical Type I and Type II effects.
Given the complexity of the FOB data evaluation, an accompanying paper (see
poster by Breckenridge et al., 2006) analyzed this data set using Principle
Component Analysis and Factor Analysis. PCA and FA analyses provide support
for at least two separate groups of pyrethroids, characterized by the FOB responses.
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PRINCIPAL COMPONENTS AND FACTOR ANALYSIS OF
THE FUNCTIONAL OBSERVATIONAL BATTERY OF 12
PYRETHRIODS

C. Breckenridge1, L. Holden2, D. E. Sargent1, L. Sheets1, M. R. Creek1, L. S.
Mullin1, J. Sharp1 and M. L. Weiner1. 1Toxicology Committee, Pyrethroid Working
Group, Research Triangle Park, NC and 2Sielkin Associates, College Station, TX.
Functional Observational Battery (FOB) data collected by the Pyrethroid Working
Group (PWG) for 12 commercial pyrethroids in an acute study ( see poster by
Sheets et al., 2006) were statistically evaluated by Principal Component (PCA) and
Factor Analysis (FA). Sixty FOB response measures (parameters) were evaluated for
a total of 29 dose and 11 control groups using a combination of PCA and FA. Forty
of the 60 parameters evaluated distinguished between chemicals and doses groups.
Using these 40 parameters, 81% of the variability between chemicals and doses
could be accounted for by two pairs of two factors. The two pairs of factors were
designated T (Type I) and CS (Type II) based upon the following syndromes of
clinical signs: CS Factor 1: Writhing, neuromuscular weakness, abnormal posture
and CS Factor 2: Non-reactivity to sensory stimuli, lacrimation. CS Factor 1 & 2:
Lower temperature, excessive salivation, impaired mobility. T Factor 3: Exaggerated
response to sensory stimuli, difficulty handling and T Factor 4: Head flicking, jerking movements, pulsating eyes. T Factor 3 & 4: Raised temperature, tremor, myoclonus. Principal components analysis separated the 12 pyrethroids into two
groups, the Type II, α-cyano-pyrethroids, and the Type I, non-cyano-pyrethroids.
Doses of the both pyrethroids types that did not produce clinical signs, clustered
near the control groups. This analysis provides independent support for the separation of the pyrethroid insecticides into at least two distinct groups.
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NEIGHBORHOOD ENVIRONMENTAL STRESS
MODIFIES THE EFFECT OF LEAD ON COGNITION:
THE BALTIMORE MEMORY STUDY

T. A. Glass1, K. Bandeen-Roche3, M. McAtee1 and B. S. Schwartz2.
1
Epidemiology, Johns Hopkins Bloomberg School of Public Health, Baltimore, MD,
2
Environmental Health Sciences, Johns Hopkins Bloomberg School of Public Health,
Baltimore, MD and 3Biostatistics, Johns Hopkins Bloomberg School of Public Health,
Baltimore, MD.
Lead is a ubiquitous neurotoxicant that causes worse cognitive function in early life
and possibly later life. Recent studies have focused on whether environmental stress
can alter susceptibility to neurotoxicants. Evidence suggests that living in neighborhoods with more psychosocial hazards is associated with chronic stress. No studies
have evaluated whether environmental stress modifies the effects of cumulative lead
dose on cognitive function. Using data from a population-based study of 1,140
adults aged 50-70 years randomly sampled from 65 neighborhoods in Baltimore,
we tested 2 hypotheses: 1) living in more psychosocially hazardous neighborhoods
is associated with worse cognitive function in language, processing speed, eye-hand
coordination, executive ability, verbal memory and learning, visual memory, and
spatial ability; and 2) higher levels of environmental stress exacerbates the deleterious influence of bone lead (measured by 109Cd induced X-ray fluorescence) on
cognitive function. We used factor analysis to validate a 12-item multi-dimensional
neighborhood hazard (MNH) scale. Hierarchical regression models were used to
adjust for nesting of persons within neighborhoods. After adjusting for age, sex,
race/ethnicity, education, tibia lead (µg Pb/g bone mineral), the MNH scale was
significantly associated with worse function in all seven domains (all p < 0.01).
Adding the cross-product of MNH and tibia lead revealed a trend toward exacerbation of the effect of lead across all domains. Significant interactions between lead
and neighborhood psychosocial hazards were seen in two of the domains (executive
function and visual memory, both p < 0.05). To our knowledge, these are the first
human data to show that environmental stress may modify the influence of cumulative neurotoxicant dose on cognition.
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ALTERED METHYLATION IN GENE-SPECIFIC AND GCRICH REGIONS IS PROGRESSIVE AND NON-RANDOM
DURING PROMOTION OF SKIN TUMORIGENESIS

A. N. Bachman1, G. M. Curtin2, D. J. Doolittle2 and J. I. Goodman1.
1
Pharmacology and Toxicology, Michigan State University, East Lansing, MI and
2
Research and Development, R. J. Reynolds Tobacco Company, Winston-Salem, NC.
Altered DNA methylation, an epigenetic mechanism, plays a key role in tumorigenesis. An inverse relationship exists between methylation in a promoter region and
transcription. Using the SENCAR two-stage mouse skin tumorigenesis model, altered methylation was characterized in tumor tissue and as a function of dose of cigarette smoke condensate (CSC) in precancerous tissue during the promotion stage.
Mouse skin was initiated with 7,12-dimethylbenz[α]anthracene and promoted
3X/wk with 3, 9, 18, or 27 mg CSC for 8 wk. Tumors were collected at 29 wk.
DNA was isolated, and GC-rich methylation was assessed quantitatively via methy-

lation sensitive restriction digestion, arbitrarily primed PCR, and electrophoretic
separation of PCR products. Analysis focused on common and unique regions of
altered methylation (RAMs) with increasing dose of CSC, and between precancerous and tumor tissue. The number of common RAMs in precancerous tissue increased from 6 to 15 to 24 when comparing 3 and 9 mg CSC, 9 and 18 mg CSC
and 18 and 27 mg CSC, respectively. Tumor tissue as compared to 18 and 27 mg
CSC-promoted precancerous tissue shared 21 and 20 RAM, respectively, and exhibited 8 unique RAMs. Those RAMs that are seen in the precancerous tissue and
carry forward to the tumors are likely to play a key role in tumorigenesis. Twentytwo CpG sites in a 5’ region of the Ha-ras promoter were unmethylated in precancerous and tumor tissue; but, a generalized decrease in methylation was observed
close to the transcriptional start site. Ha-ras expression increased with 18 and 27
mg CSC promotion, and more so in tumor tissue. These data support our hypothesis that tumor promotion involves an instability of the epigenome, providing an
environment where changes in the methylation status of specific regions of the
genome accumulate progressively. This facilitates the aberrant gene expression involved in the clonal expansion of initiated cells that leads to tumor formation.
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KIDNEY TOXICOGENOMICS OF CHRONIC
POTASSIUM BROMATE EXPOSURE IN F344 MALE RAT

D. Geter1, W. Ward1, G. Knapp1, A. DeAngelo1, J. Rubis2, R. Owen1 and D.
Delker1. 1US Environmental Protection Agency, Research Triangle Park, NC and
2
CIIT Centers for Health Research, Research Triangle Park, NC.
Potassium bromate (KBrO3), used in both the food and cosmetics industry, is a
drinking water disinfection by-product that is nephrotoxic and carcinogenic to rodents. To gain insight into the carcinogenic mechanism of action and provide possible biomarkers of KBrO3 exposure, the gene expression from chronically exposed
male F344 rat kidney was investigated. Animals were exposed to KBrO3 in drinking water for 52 and 100 wk. Kidneys were removed, frozen, then used for
Affymetrix microarray analysis. Gene expression patterns were examined in a noncancer (20 ppm) and cancer-causing dose (400 ppm) at 52 wk, and compared to
100 wk high (400 ppm) and adenoma gene expression. Statistical analysis revealed
144, 224, 43, and 994 genes out of 15919 from the 52 wk low, 52 wk high, 100 wk
high, and adenomas respectively, were significantly altered. Gene ontology classification of the 52 wk high dose showed alterations of genes involved in oxidative
stress, lipid metabolism, kidney function/ion transport, and cellular function. In a
comparison of kidney development gene expression, alterations were seen in the
adenomas but not in the 52 wk bromate-treated kidneys. However, the high dose,
but not the low, reiterated the adenoma expression pattern with early kidney development genes being up-regulated and adult phase genes being down-regulated.
Moreover, eight genes which could serve as biomarkers of carcinogenic exposure
were identified. The most promising of these was Pendrin, or Slc26a4, a solute carrier of chloride and iodide active in the kidney, thyroid and inner ear. All these tissues are targets of KBrO3 toxicity. Expression array results were verified with realtime PCR. Taken together, the analysis from this study identifies potential
biomarkers of exposure and illuminates the carcinogenic mechanism of action for
KBrO3. [Although this work was reviewed by EPA and approved for publication, it
may not necessarily reflect official Agency policy]

previously reported reduction in p27 protein observed in arsenical-induced urinary
bladder lesions. Using a regularized t-test, significant changes were also observed in
multiple oncogenes including changes in c-myc (Myc), fra-1(Fosl1), and v-maf
(Mafb). Significant increases we observed in c-myc mRNA in mouse skin and papillomas are consistent with increases in c-myc during arsenic-induced mouse liver
carcinogenesis. Since c-myc protein can bind the promoter of p27 and regulate its
transcription, the molecular changes observed in our study are likely related and
also important in MMA(III)-induced mouse skin carcinogenesis. Additional gene
expression changes we observed in chromosome maintenance and steroid metabolism genes may also contribute to the carcinogenesis process in mouse skin. [This
abstract does not necessarily reflect EPA policy.]
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L. A. Courter1, B. Mahadevan1, C. Keshava2, T. Musafia-Jeknic1, K. Fischer3,
E. Brooks1, R. Bildfell3, A. Weston2 and W. M. Baird1. 1Environmental and
Molecular Toxicology, Oregon State University, Corvallis, OR, 2National Institute for
Occupational Safety and Health, CDC, Morgantown, WV and 3School of Veterinary
Medicine, Oregon State University, Corvallis, OR.
Human exposures to polycyclic aromatic hydrocarbons (PAH) occur as complex
mixtures of PAH, some of which are carcinogenic. Standardized Reference Material
(SRM) 1650a (diesel particulate) and SRM 1975 (diesel exhaust extract), was obtained from the National Institute of Standards and Technology. Gene expression
patterns were investigated in MCF-7 cells exposed to SRM 1650a alone or in combination with individual PAH (24h). Gene expression was monitored using high
density oligonucleotide arrays (U133A, Affymetrix). Global gene expression analyses revealed alterations in at least 223 RNA transcript species by at least 2 fold.
Among several other genes, increase in expression of CYP1A1 and CYP1B1 was observed in response to benzo[a]pyrene (BP) exposure. Additive induction of similar
genes was noticed on co-treatment with SRM 1650a plus BP. Unlike BP and SRM
1650a, no change in expression of CYP1A1 and CYP1B1 was observed when
MCF-7 cells were exposed to Dibenzo[a,l]pyrene (DBP). To study the effect of
complex PAH mixtures on the metabolic activation of carcinogenic PAH to DNAbinding derivatives and to relate the results with gene expression studies in human
cells, mouse skin initiation-promotion tumorigenesis model was utilized. Results
indicate that although SRM 1975 had a weak tumor-initiating activity, on co-treatment with BP an increase in tumors per tumor bearing animal was observed. On
the contrary, SRM 1975 did not cause any modification in the tumor-initiating activity of DBP. These results not only provide a transcriptional signature to chemical
carcinogen exposure but also suggest that understanding the relationship between
tumor induction and gene expression may allow the prediction of early carcinogenic effects of these environmental mixtures.
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GENE EXPRESSION PROFILING OF MOUSE SKIN AND
PAPILLOMAS FOLLOWING CHRONIC EXPOSURE TO
MONOMETHYLARSONOUS ACID IN K6/ODC
TRANSGENIC MICE

D. Delker1, M. Ouyang2, W. Welsh2, B. Roop1, D. Geter1, Y. Chen3, T.
O’Brien3 and K. Kitchin1. 1USEPA, Durham, NC, 2UMDNJ, Piscataway, NJ and
3
ODC Mouse Group, Drexel Hill, PA.
Methylarsonous acid [MMA(III)], a common metabolite of inorganic arsenic metabolism, increases tumor frequency in the skin of K6/ODC transgenic mice following a chronic exposure. To characterize gene expression profiles predictive of
MMA(III) exposure and mode of action of carcinogenesis, K6/ODC mice were administered 0, 10, 50 or 100 ppm MMA(III) or 75 ppm sodium arsenite in their
drinking water for 26 weeks. Skin and tumor gene expression changes were determined using Affymetrix Mouse Genome 430A 2.0 GeneChips® and MAS 5.0
normalization procedures. Differential gene expression was determined using linear
regression and a regularized t-test (Bayesian procedure). Functional gene categorization was assessed using the Database for Annotation, Visualization and Integrated
Discovery 2.0 (DAVID, Dennis and Hosack et al. 2003). Linear regression analysis
revealed changes in multiple cytoskeleton and cell cycle-related genes including enabled homolog (Enah) and the tumor suppressor gene p27 (Cdkn1b). The dose-dependent decrease in p27 mRNA we observed in mouse skin is consistent with the

CORRELATION BETWEEN GENE EXPRESSION IN
HUMAN CELLS AND TUMOR INITIATION IN SENCAR
MICE ON EXPOSURE TO A STANDARDIZED COMPLEX
MIXTURE DERIVED FROM DIESEL EXHAUST

COMPARISON OF GENE EXPRESSION CHANGES IN
PANCREAS OF RATS FED DIETS CONTAINING WYETH
14,643, DIETHYLHEXYLPHTHALATE OR AMMONIUM
PERFLUOROOCTANOATE (APFO)

C. Elcombe and S. Plummer. CXR Biosciences LTD., Dundee, United Kingdom.
The non-genotoxin APFO (300ppm in the diet) has been shown to induce pancreatic acinar cell tumours in rats. In order to identify pancreatic gene expression
changes that are associated with pancreatic carcinogenesis male Sprague Dawley
rats (6-7 weeks old) were fed either: (1) the potent pancreatic carcinogen Wyeth
14,643 (Wy) in the diet at 50ppm (carcinogenic dose) or 20ppm (non-carcinogenic
dose), (2) the weak (or non-) pancreatic carcinogen diethylhexylphthalate (DEHP,
12000ppm) or (3) APFO at 300ppm for up to 4 weeks. Transcriptional profiling at,
1, 7 and 28 days, using a rat 60mer oligonucleotide array containing ~22,000 genes
was performed on pancreas. Luminator software was used to compare lists of significantly (P<0.01) regulated genes. This analysis identified several pancreatic gene expression changes, unique to Wy 50ppm-exposure, that were associated with carcinogenesis including: up-regulation of early growth response 1 (EGR1),
TPA-inducible sequence (TIS11), and growth arrest and DNA damage 45 alpha
(GADD45α) and down-regulation of thymine-DNA glycosylase (TDG).
Induction of the proliferation- and DNA-damage-associated genes TIS11 and
GADD45α and repression of the DNA-repair enzyme TGD were time-dependent.
Although alteration to carcinogenesis-associated genes such as GADD45α, TGD
and TIS11 were not always significant in APFO-exposed animals the trends in
these gene changes over time were similar to those occurring with Wy 50ppm treatment and more pronounced than those observed in the DEHP-exposed animals.
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For example, EGR1, a gene associated with cell proliferation was up-regulated by
Wy 50ppm and APFO but not by DEHP at 28 days. These results suggest that
there are qualitatively similar, but quantitatively different, carcinogenesis-associated
processes occurring in the pancreas of rats exposed to the three compounds that
could account for differences in the carcinogenic potency of the compounds in this
organ.
These studies were funded by Plastics Europe.

Nrf2-mediated cellular antioxidant response. Chronic arsenic-induced CK2 upregulation is a potentially important event in skin carcinogenesis as it may increase the
susceptibility to oxidative damage by altering Nrf2 phosphorylation and cellular
antioxidant response.
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GENE EXPRESSION PROFILING SPECIFIC TO THE
TUMOR PROMOTION PROCESS OF RAT THYROID
CARCINOGENESIS INDUCED BY
SULFADIMETHOXINE OR KOJIC ACID

M. Shibutani1, K. Inoue1, G. Woo1, K. Igarashi2, J. Kanno2 and M. Hirose1.
1
Division Pathol., National INST.. Health Sciences., Tokyo, Japan and 2Division Mol.
Toxicol., National INST.. Health Sciences., Tokyo, Japan. Sponsor: M. Ema.
To clarify the mechanism of thyroid carcinogenesis related to hypothyroidism, we
performed global gene expression profiling specific to the early process of tumor
promotion by sulfadimethoxine (SDM) or kojic acid (KA) after initiation with Nbis(2-hydroxypropyl)nitrosamine (DHPN) using rats. Six-week-old male F344 rats
were treated once s.c. with DHPN at 2800 mg/kg BW, and after one week, they
were administered either with SDM at 62.5, 250 or 1000 ppm in drinking water or
KA at 1250, 5000, or 20,000 ppm in diet for 4 weeks. Thyroid tissues (n=4/group)
were subjected to microarray analysis using Affymetrix GeneChip Rat Genome 230
2.0 Array. After exclusion of genes specifically responding to each of DHPN-alone,
1000 ppm-SDM, or 20,000 ppm-KA, gene selection was performed in terms of
dose-dependency in the expression response by each chemical (2-fold difference
vs. DHPN-alone, p<0.05). Expression levels of selected genes were validated with
real-time RT-PCR. Histopathologically, focal follicular cell hyperplasia, suggestive
of early neoplastic lesion, was developed dose-dependently from the medium dose
level by both SDM and KA as with diffuse follicular cell hypertrophy, a typical hypothyroidism-related change. By SDM, up-regulated genes included those linked
to cell cycle or cell division, and down-regulated ones included molecules related to
cell proliferation inhibition or apoptosis. Immunoreactive cells for aurora kinase B
and cyclin B1, whose transcript levels being up-regulated by SDM, were found to
be accumulated in the focal hyperplastic lesions. By KA, on the other hand, up-regulated genes included those for neoplastic cell proliferation and angiogenesis, and
down-regulated ones included molecules related to TGFβ-signaling or APC-function. Moreover, same genes linked to cytokinesis, cell adhesion, and extracellular
matrix responded to both SDM and KA, suggesting common functions involved in
early process of thyroid carcinogenesis related to hypothyroidism.

E. A. Thompson1, D. M. Owens2 and R. C. Smart1. 1Environmental and
Molecular Toxicology, North Carolina State University, Raleigh, NC and
2
Departments of Dermatology and Pathology, Columbia University, College of
Physicians and Surgeons, New York, NY.
CCAAT/enhancer binding protein α (C/EBPα), is a basic leucine zipper transcription factor. In response to UVB light, C/EBPα functions as a DNA damage, p53
inducible gene which has a role in the G1 checkpoint in mouse keratinocytes.
C/EBPα is abundantly expressed in mouse epidermis, and is induced by UVB
light. It is unknown whether C/EBPα is UVB inducible in human epidermis in
vivo. Thus, one purpose of this study is to determine whether C/EBPα is inducible
in human epidermis. Immunohistochemical staining of human skin revealed that
both C/EBPα, and C/EBPβ, another member of the C/EBP family that functions
in the initial stages of squamous differentiation, are expressed in epidermis.
C/EBPα localized primarily to the suprabasal layer of the epidermis, while C/EBPβ
localized to both the suprabasal and basal layers. In UVB-treated skin, the levels of
C/EBPα dramatically increased. Most importantly, the C/EBPα expression pattern
changed to include basal keratinocytes. To further assess the induction of C/EBPα
and C/EBPβ by UVB, we treated proliferating human keratinocytes (NHEK) with
UVB light. Immunoblot analysis revealed that C/EBPα and C/EBPβ were
induced by UVB treatment. Because arsenic has been shown to act as a co-carcinogen
with UVB in human and mouse skin, we hypothesized that arsenic reduces the induction of C/EBPα by UVB, compromising the G1 checkpoint. Western blot
analysis showed that sodium arsenite (NaAsO2) treatment resulted in a diminished
UVB induction of both C/EBPα and C/EBPβ in primary mouse keratinocytes.
These data demonstrate that C/EBPα is induced in human epidermis in response
to UVB, and that the expression of C/EBPα changes to include proliferating cells
of the basal layer. Additionally, the induction of C/EBPα and C/EBPβ by UVB is
diminished in keratinocytes exposed to NaAsO2, suggesting that NaAsO2 exposure
may lead to a disruption of the G1 checkpoint.
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SEQUENTIAL PHOSPHORYLATION BY PROTEIN
KINASE CK2 REGULATES NRF2 ACTIVATION AND
DEGRADATION: POTENTIAL ROLE IN ARSENICINDUCED SKIN CARCINOGENESIS

J. Pi1, 2, B. A. Diwan3, W. Qu1, J. Liu1, Y. Bai2, W. Fahl4, H. Yamauchi5, S.
Collins2 and M. P. Waalkes1. 1LCC, NCI at NIEHS, Research Triangle Park, NC,
2
CIIT Centers for Health Research, Research Triangle Park, NC, 3SAIC, NCI,
Frederick, MD, 4University of Wisconsin, Madison, WI and 5St. Marianna
University School of Medicine, Kawasaki, Japan.
Arsenic is a well-documented human carcinogen that targets skin and may induce
genetic damage through generation of reactive oxygen species (ROS). Nrf2 is a key
transcription factor that regulates expression of genes whose products protect cells
against ROS. We have explored here the role that phosphorylation plays in regulating Nrf2 activity and have explored the association between protein kinase CK2,
Nrf2 activation and arsenic-induced skin carcinogenesis. Events relative to skin carcinogenesis were studied in a human keratinocyte cell line (HaCaT) undergoing
malignant transformation as a result of chronic arsenic exposure. Nrf2 phosphorylation was detected in acute arsenic-treated cells using Nrf2 western blot both before and after in vitro phosphatases treatment. Gel-shift assay, Real-time RT-PCR
and Western blot were employed to evaluate Nrf2 transcriptional activity in both its
native and phosphorylated forms. Two phosphorylated forms of Nrf2 were identified after arsenic-induced oxidative stress. Additional study showed CK2 mediated,
sequential phosphorylation of Nrf2 to first produce an active, phosphorylated form
and then a hyper-phosphorylated form which was inactive and underwent degradation. Continuous exposure to arsenic (100 nM) for 28 weeks induced malignant
transformation in HaCaT cells and concurrently upregulated CK2 expression and
activity. Arsenic-transformed keratinocytes had more Nrf2 hyper-phosphorylation
and exhibited a dysfunctional antioxidant response. These results provide compelling evidence for phosphorylation by CK2 as a critical controlling factor in
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THE INDUCTION OF CCAAT/ ENHANCER BINDING
PROTEIN ALPHA IN HUMAN EPIDERMIS FOLLOWING
UVB EXPOSURE AND THE EFFECT OF ARSENIC ON
THIS RESPONSE

THE COMBINATION OF EGCG AND TAMOXIFEN
SUPPRESSES THE GROWTH OF ERα- BREAST TUMORS
IN MICE: ROLE OF TAMOXIFEN-MEDIATED CHANGES
IN THE METABOLISM OF EGCG

E. C. Stuart1, M. J. Scandlyn1, A. R. Menzies1, M. J. Le Nedelec1, L. Larsen2,
N. B. Perry2 and R. J. Rosengren1. 1Pharmacology & Toxicology, Univeristy of
Otago, Dunedin, New Zealand and 2New Zealand Institute for Crop and Food
Reserach LTD., Dunedin, New Zealand.
We have previously shown that epigallocatechin gallate (EGCG) and 4-OH tamoxifen (4-OHT) are synergistically cytotoxic toward MDA-MB-231 human breast
cancer cells in vitro. Therefore, this study examined the ability of these drugs to
suppress ERα- tumor growth. Athymic nude female mice were implanted with
MDA-MB-231 cells and were left to form palpable tumors. Mice were then treated
with EGCG (25 mg/kg, ip), tamoxifen (50 µg/kg, po), EGCG + tamoxifen or
saline vehicle (5 ml/kg) for 10 weeks. Tumor volume (LxWxH) following combination treatment was significantly decreased compared to vehicle (147 ± 17 vs 206 ±
19 mm3 for EGCG + tamoxifen and vehicle control, respectively) after 4 weeks and
was 300% smaller after 10 weeks. We have previously shown that tumor suppression is not due to the inhibition of CYP19. Therefore, we postulated that tumor
suppression may be due to changes in the metabolism of EGCG, producing either
methylated metabolites or an increase in the efficacy of EGCG. To examine the potency of methylated metabolites, MDA-MB-231 cells were incubated for 7 days
with 4”-O-MeEGCG or 4’,4”-di-O-MeEGCG and cell number was determined
via the SRB assay. The results showed that both metabolites failed to produce a cytotoxic effect. However, when combined with 4-OHT (1 µM), synergistic cytotoxicity occurred similar to that produced by EGCG and 4-OHT. Importantly, 4OHT competitively inhibited glucuronidation of p-nitrophenol in hepatic
microsomes with a Ki of 1.6 µM. Therefore, these results indicate that tamoxifen
does not cause an increase in the production of methylated metabolites but instead
may inhibit the excretion of EGCG via glucuronidation. This may be a mechanism
by which tumor suppression occurs following combination treatment.
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AUGMENTATION OF DIFFERENTIATION AND GAP
JUNCTION FUNCTION BY KAEMPFEROL IN
PARTIALLY DIFFERENTIATED COLON CANCER CELLS

Y. Nakamura1, C. Chang2, T. Mori3, K. Sato1, K. Ohtsuki1, B. L. Upham2 and
J. E. Trosko2. 1Food Science, Kyoto Pref. University, Kyoto, Japan, 2Pediatrics and
Human Development, Michigan State University, Lansing, MI and 3Radioisotope
Research Center, Nara Medical University, Nara, Japan.
Kaempherol is a flavonoid mainly distributed in onion and broccoli. The consumption of flavonoids has been linked to the prevention and therapy of some
human cancers. The underlying mechanisms by which the flavonoid could contribute to cancer prevention and therapy are not known. Kaempferol induces differentiation in partially differentiated colon cancer cells which express low levels of
connexin43 protein and connexin43 mRNA (KNC cells). Differentiation was observed as changes in cell morphology and the activity of alkaline phosphatase.
Increased differentiation in kaempferol-treated KNC cells correlated with restoration of gap junctional intercellular communication (GJIC), increased levels of connexin43 protein and its phosphorylation status. Phosphorylation (activation) of
Stat3 and Erk was also reduced by kaempferol. An inhibitor of Stat3 phosphorylation (AG490) also induced morphological changes in KNC cells similar to those in
kaempferol-treated cells, suggesting that kaempferol-induced differentiation may
be mediated by inhibition of Stat3 phosphorylation. These effects were not observed in HCT116 cells, a poorly differentiated colon cancer cell line deficient in
expression of connexin43 mRNA and connexin43 protein. In conclusion,
kaempferol might function as an anticancer agent by re-establishing GJIC through
enhancement of the expression and phosphorylation of connexin43 protein in a tumorigenic colon cancer cell line that already expresses connexin43 mRNA via a
Stat3-dependent mechanism. In contrast, kaempferol had no effect in a tumorigenic colon cancer cell line that did not express connexin43 mRNA and was deficient in GJIC.
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POSSIBLE MECHANISM OF CHEMOPROTECTION OF
CAFFEIC ACID PHENETYL ESTER ON INICIATION IN
A HEPATOCARCINOGENESIS ASSAY

O. Beltran-Ramirez2, A. Sierra-Santoyo1, J. Hernandez-Martinez3 and S. VillaTrevino2. 1Toxicology, CINVESTAV-IPN, Mexico City, D.F., Mexico, 2Cell Biology
Department, CINVESTAV-IPN, Mexico City, D.F., Mexico and 3Direccion de
Tecnologia de Alimentos de Origen Animal, CIAD, AC, Hermosillo, Sonora, Mexico.
Caffeic acid phenethyl ester (CAPE), a natural honeybee hive product exhibits a
broad spectrum of biological activities including anti-microbial, anti-inflammatory,
anti-viral, anti-oxidant, and anti-carcinogenic. In the modified resistant hepatocyte
model, CAPE has shown a chemoprotective effect when is administered on iniciation and promotion stages, but the information about its action mechanism is limited. The aim was to characterize the effect of CAPE on hepatic cytochrome P450
(CYP) activities on the iniciation stage in a medium therm assay of hepatocarcinogenesis (HP). Male Fisher-344 rats were administered with one i.p. dose of CAPE
(20 mg/kg) 12 h before diethylnitrosamine (DEN) (200 mg/kg) in the modified resistant hepatocyte model and sacrificed at day 25, the livers were removed and
processed for histochemical GGT+ staining. Some rat groups were sacrificed 12 h
after CAPE dosing, and 12 and 24 h after DEN administration, liver was removed
and processed for microsomes and histological H&E staining. CAPE decreased
70% in size and number of GGT+ altered hepatic foci at the HP end and decreased
necrosis in tissue at 24 h after DEN dose. At 12 h after CAPE administration,
EROD, MROD and PROD activities significantly decreased and increased p-nitrophenol hydroxylase (PNFH) activity. DEN treatment significantly decreased
MROD an PNFH and increased PROD activities at 12 h. Additionally, total
CYP450 and EROD, MROD and PNFH activities significantly decreased and
PROD activity increased at 24 h. In DEN-treated group, CAPE significantly decreased EROD at 12 and 24 h and MROD decreased at 12 h and increased at 24 h.
These results suggest that CAPE may modify the enzyme activitiy of CYP isoforms
involved in DEN activation. The hepatic CYP-dependent metabolism may represent an alternative mechanism for understanding the chemoprotective effect
atributed to CAPE in a hepatocarcinogenesis model.
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2D GEL PROTEOMICS IN MECHANISTIC ANALYSIS OF
CHEMOPREVENTATIVE FLAVONOIDS AND
BENZO(A)PYRENE IN PROSTATE CANCER CELL

A. M. Chaudhary1, T. Pechan2 and K. L. Willett1. 1Pharmacology, University of
Mississippi, University, MS and 2LSBI, Mississippi State University, Mississippi
State, MS.
Prostate cancer is the most commonly diagnosed and second leading cause of cancer death in men in US and many western countries. Due to the long latency period
of prostate cancer and its prevalence in elderly men, it is an ideal disease for chemoprevention. The flavonoids apigenin, quercetin, and kaempferol are widely studied

for their chemopreventative potential in prostate cancer, but the specific mechanisms underlying and the proteins involved in cancer-protective effects of
flavonoids are still not clear. One mechanism we have studied is inhibition of
CYP1A1 and CYP1B1 by these flavonoids. The three flavonoids inhibited EROD
activity, which is indicative of CYP1A1 and CYP1B1 inhibition, in 22Rv1 prostate
cancer cells and recombinant human CYP1A1 and 1B1. BaP is a ubiquitous environmental contaminant and exposure to it is associated with prostate carcinogenesis. However, the mechanism of BaP–mediated toxicity is also still incomplete. 2D
gel electrophoresis was used to resolve proteins from control (DMSO) and
flavonoid or BaP treated 22Rv1 cells. Three independent extracts of each cell treatment were prepared and run on separate gels. Images of stained gels were analyzed
by PDQuest software for proteins which were differentially expressed (unique, upregulated and downregulated). Compared to DMSO, 27 proteins in BaP, 48 proteins in quercetin, 14 proteins in kaempferol and 10 proteins in apigenin were differentially expressed. Proteins of interest were robotically excised from gels and
trypsin digested, followed by MS/MS analysis. Peptide and protein identification
was done by a MASCOT database search of resultant MS and MS/MS spectra.
Overall, 80 proteins were identified most of which were involved in metabolism,
oxidative stress, or signal transduction. Mapping the difference in protein expression of BaP or flavonoid treated 22Rv1 cells compared to controls, will facilitate
better understanding of their molecular mechanisms in prostate cancer progression
or chemoprevention, respectively.

64

BIFUNCTIONAL EFFECT OF RESVERATROL ON THE
EXPRESSION OF ERBB2 IN HUMAN BREAST CANCER
CELL
J. Yang and K. Kang. College of Pharmacy, Chosun University, Gwangju, South
Korea. Sponsor: H. Jeong.
ErbB2 is frequently over-expressed in primary breast cancers and is associated with
lower response to chemotherapy and poor prognosis. Although, resveratrol has
been extensively studied as a potential chemopreventive agent, the effect on ErbB2
expression in breast cancer cells has not been studied. In the present study, we evaluated the effect of resveratrol on the expression of ErbB2 in MCF-7, a human
breast cancer cells. The basal expression level of ErbB2 in MCF-7 cells cultured in
estrogen-free medium was suppressed by low concentration ranges of resveratrol (110 µM). However, resveratrol at the concentration above 10 µM induced ErbB2.
When cells were cultured in the medium containing estrogen, resveratrol increased
ErbB2 protein levels in a dose-dependent manner. These results hold implication
that different mechanism(s) be involved in the expression of ErbB2 by resveratrol.
Resveratrol increased the luciferase reporter gene activity in cells transfected with
–756 bp flanking region of the hErbB2 gene. Resveratrol increased nuclear levels of
AP-2α and AP-2γ and mutation of two AP-2 binding sites in the promoter region
of hErbB2 gene abolished the induction of luciferase reporter gene by resveratrol.
The resveratrol-inducible transactivation of ErbB2 gene and ErbB2 expression were
not affected by the blocking of ERK, p38 kinase or PI3-kinase activity. These results provide evidence that resveratrol induces ErbB2 in the presence of estrogen,
which may be associated with AP-2 activation by resveratrol.
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MECHANISM OF TEA CATECHIN AND CAFFEINE IN
INHIBITION OF LUNG TUMOR PROGRESSION
INDUCED BY 4-(METHYLNITROSAMINO)-1-(3PYRIDYL)-1-BUTANONE (NNK) IN A/J MOUSE
G. Lu and C. S. Yang. Rutgers University, Piscataway, NJ.
The present study investigated the inhibitory effects of Polyphenon E (a standardized green tea polyphenol preparation containing 65% EGCG) and caffeine in 4(methylnitrosaminao)-1-(3-pyridyl)-1-butanone (NNK)-induced lung tumor progression from adenoma to adenocarcinoma. Female A/J mice were treated with a
single dose of NNK (103 mg/kg b.w., ip), and by Week 20, the mice developed
lung adenoma. The mice were then given 0.5% Polyphenon E or 0.044% caffeine
as the sole source of drinking fluid until Week 52. Polyphenon E administration
significantly reduced the incidence (by 52%) and multiplicity (by 63%) of lung
adenocarcinoma. Caffeine also showed inhibitory effects, but the results were not
statistically significant. Markers of cell proliferation, apoptosis, and cellular signal
pathways were studied by immunohistochemistry. Labeling index and staining intensity were quantified by Image-Pro system. Polyphenon E and caffeine treatment
inhibited cell proliferation (by 57% and 50%, respectively in adenocarcinomas)
and enhanced apoptosis in the adenomas (both by 2.5 folds) and adenocarcinomas
(by 2.6 and 4 folds, respectively), but both agents had no significant effect on apoptosis in the normal tissues. The cancer preventive effects of Polyphenon E and caffeine were also associated with lower levels of Erk and c-Jun phosphorylation.
Furthermore, a two week treatment of mice, that have developed adenoma at 20
weeks after NNK injection, with 0.32% EGCG or 0.044% caffeine showed increased apoptosis index (by 1.3 and 1.4 fold, respectively) in the adenomas.
Caffeine administration reduced Erk and c-Jun phosphorylation levels (38% and
72%, respectively; p<0.05). A significantly reduced c-Jun phosphorylation level was
also observed in EGCG-treated mice (by 32% reduction). The result demonstrate
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that EGCG can inhibit the progression of lung adenoma to adenocarcinoma and
the enhanced apoptosis and lower levels of Erk and c-Jun phosphorylation may significantly contribute to the inhibition (supported by NIH grant CA88961).
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INHIBITION OF GAP JUNCTIONAL INTERCELLULAR
COMMUNICATION BY PHOSPHOLIPID METABOLITES
AND PROTECTION BY THE RED WINE ANTIOXIDANT,
RESVERATROL
B. L. Upham, J. E. Trosko and L. Blaha. Pediatrics/Human Development,
Michigan State University, East Lansing, MI.
The mitogenic activity of tumor promoters requires the removal of an initiated cell
from growth suppression by inhibiting gap junctional intercellular communication
(GJIC) and the activation of intracellular mitogenic pathways. We previously determined that the 1-methyl and not the 2-methyl isomer of anthracene (1-MeA, 2MeA) activate mitogen activated protein kinase (MAPK), and inhibited GJIC in
F344 rat liver epithelial cells. In a companion paper, we present that phospholipases
are the upstream effectors of MAPK and GJIC in response to 1-MeA in the same
cell line. Here we report the effects of phospholipid metabolites on GJIC.
Arachidonic acid (AA) reversibly inhibited GJIC at an IC50 value of 10 µM within
1 min. The kinetics closely matched that of AA-release. Ceramide, phosphatidic
acid, lysophosphatidic acid and membrane permeable diacylglycerol (DAG) but
not DAG also inhibited GJIC at IC50 values of 25 µM. DAG effects typically involve the release of DAG to the cytosolic side of the plasmamembrane. Similarly,
the nonmembrane permeable phosphatidylcholine and lysophosphatidylcholine
did not inhibit GJIC. These are all upstream metabolites of AA. In contrast, lipid
metabolites that do not result in AA release and are membrane permeable, such as
SN-1-monoacylglycerol, choline, phosphocholine, ethanolamine did not inhibit
GJIC. The antioxidant found in red wine and peanut products, resveratrol, effectively prevented inhibition of GJIC by 1-MeA, suggesting that this dietary antioxidant can serve as a chemopreventative agent of tumor promoters that work through
phospholipid-dependent signaling pathways. Support: NIEHS grants #R56
ES013268-01A1 to BLU, and #P42 ES04911-17 to JET.
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INDUCTION OF DIFFERENTIATION BY KAEMPFEROL
IN COLON CANCER CELLS WITH DIFFERENT
DIFFERENTIATION PROFILES
Y. Nakayama1, Y. Nakamura1, K. Sato1, C. Chang2, B. L. Upham2 and J. E.
Trosko2. 1Food Science, Kyoto Pref. University, Kyoto, Japan and 2Pediatrics and
Human Development, Michigan State University, Lansing, MI.
Colon cancer is categorized into well-, moderately-, and poorly-differentiated types
in pathological tissue diagnosis. Cancer patients having well-differentiated types of
colon carcinoma account for 52.5% of the total, moderately-, and poorly-differentiated types account for 35.3% and 12.2%, respectively. However, very few in vitro
studies have been performed with the well-differentiated colon cancer cells so far,
because the well-differentiated type of cells are generally difficult to culture in vitro.
The goal of this study was to determine differentiation markers for the three types
of colon cancer cells, and the effect of the plant flavonoid, kaempferol, on cell
growth inhibition and differentiation. Among three types of colon cancer cells
(RCM-1, well-differentiated; CoCM-1, moderately-differentiated; HCT116,
poorly-differentiated), connexin26 and 32 mRNA was strongly expressed in RCM1, but weakly expressed in CoCM-1. In HCT116, connexin26 was far weakly expressed and connexin32 was not detected. Oct-4, a stem cell marker, was expressed
in all the tumor types, whereas connexin43 was absent in RCM-1 and CoCM-1 and
very weakly expressed in HCT116. Connexin26 and 32 mRNA, therefore, might be
markers for determination of differentiation type of colon cancer cells. RCM-1 required insulin or insulin-like growth factor-I (IGF-I) for cell growth, but did not
need transferrin, FGF or EGF. Kaempferol did not inhibit the cell growth stimulated by insulin and IGF-I in RCM-1. RCM-1 cells showed spontaneous differentiation after reaching confluence, and formed some ducts. Kaempferol increased the
number of the ducts, and alkaline phosphatase activity was induced 1.2-fold after
3-days and 1.5-fold after 7-days. In contrast, kaempferol had no effect in the
poorly-differentiated cell type, HCT116 cell line. In conclusion, kaempferol induced differentiation in a well-differentiated type of colon cancer cell line.
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TOXICOKINETICS OF INHALED AND PARENTERAL
SARIN (GB) FOLLOWING SINGLE AND MULTIPLE SUBLETHAL EXPOSURES IN THE GUINEA PIG (GP)
C. E. Whalley1, L. A. Lumley2, J. M. McGuire1, E. M. Jakubowski1, D. B.
Miller3, J. H. McDonough2, R. J. Mioduszewski1, S. A. Thomson1 and T. A.
Shih2. 1ECBC, Aberdeen Proving Ground, MD, 2USAMRICD, Aberdeen Proving
Ground, MD and 3Geo-Centers, Inc., Aberdeen Proving Ground, MD.
To improve estimates of toxicity from sub-lethal exposures to chemical warfare
nerve agents (CWNA) it is necessary to generate mathematical models of the adsorption, distribution, and elimination of nerve agents. However, such models are
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based on representative data sets generated with different routes of exposure and in
different species and are designed to interpolate between limited laboratory data
sets to predict a wide range of possible human exposure scenarios. This study was
performed to integrate CWNA sub-lethal toxicity data across different routes of exposure in male Duncan Hartley guinea pigs (GP). Animals had either single or
multiple whole body inhalation or subcutaneous (sc) exposures of GB (0.1 or 0.4
LCt50 or LD50). Three exposures were administered 24 hrs apart. Arterial catheterization allowed repeated blood sampling from the same animal at various time periods. Blood and tissue levels of acetylcholinesterase (AChE) and butyrylcholinesterase (BuChE), as well as blood and tissue levels of regenerated GB (rGB)
were determined at various time points during and following low level GB exposure. The following pharmacokinetic parameters were calculated from the graph of
plasma or RBC rGB concentration versus time: time to reach the maximal concentration (tmax), maximal concentration (Cmax), mean residence time (MRT), clearance (Cl), volume of distribution at steady state (Vss), terminal elimination phase
rate constant (kelm), and the area under the plasma concentration time curve extrapolated to infinity (AUC) using WinNonlin® analysis program 5.0. These data
will be used to develop a mathematical model of the absorption of sub-lethal doses
of GB and its distribution into susceptible tissues. A specific goal was to compare
uptake and clearance kinetics of similar sub-lethal doses of GB in the blood and tissue of GP exposed to agent by acute inhalation or by sc injection.
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PHYSIOLOGICALLY BASED
PHARMACOKINETIC/PHARMACODYNAMIC
(PBPK/PD) SIMULATION OF LOW LEVEL GB
EXPOSURE ACROSS MULTIPLE SPECIES

J. Gearhart1, 5, P. Robinson1, 5, E. Jakubowski2, R. Mioduszewski2, S.
Thomson2, R. Genovese3, C. Willmore3, A. Saxena3 and G. Rockwood4. 1Alion
Science and Technology, Dayton, OH, 2US Army ECBC, APG-EA, Aberdeen Proving
Grd., MD, 3WRAIR, Silver Spring, MD, 4USAMRICD, Aberdeen Proving Grd.,
MD and 5AFRL/HEPB, Wright-Patterson AFB, OH.
A Physiologically Based Pharmacokinetic/Pharmacodynamic (PBPK/PD) model
has previously been developed which simulates the pharmacokinetics and pharmacodynamics of the chemical warfare agent (CWA) sarin (GB) in multiple laboratory
species. The model has been validated for the Gottinger minipig and the Hartley
guinea pig. Pharmacokinetic data simulated were GB concentration in blood or
plasma and the regenerated agent concentration from red blood cells (RBCs) or
plasma. The pharmacodynamic endpoints simulated were agent inhibition of
acetylcholinesterase (AChE), butrylcholinesterse (BChE), and constriction of the
iris (miosis). The model has now been parameterized for the rhesus (Macaca mulatta) and African green monkeys (Chlorocebus acthiops) (AGM), from simulated
exposure to GB concentrations of regenerated GB and inhibition of AChE/BChE
over time after intramuscular doses of 2.93 ug/kg or 5.87 ug/kg. Simulations of
these preliminary data were readily reproduced by utilizing species specific physiological parameters, such as BChE, and scaling for body size differences. The
PBPK/PD model accounts for absorption of CWAs from multiple sites (respiratory
tract – lower and upper, dermal, ocular) after vapor inhalation exposure or systemic
administration (subcutaneous, intramuscular). It was hypothesized that pupil constriction (miosis) from external, systemic or combined delivery of CWA, could be
predicted based on AChE inhibition at the ocular muscles. The successful application of the model across multiple species suggests that once the model is parameterized for humans, it will provide a strong basis from which to predict human responses after GB exposure and then extrapolation to other cholinesterase inhibiting
agents exhibiting very different chemical and physical characteristics.
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A COMPARISON OF THE CYCLOSARIN AND SARIN
FLUORIDE ION REGENERATION RESULTS FROM
MINIPIG BLOOD AND TISSUE FOLLOWING WHOLE
BODY VAPOR, INTRAVENOUS, OR SUBCUTANEOUS
EXPOSURES

E. M. Jakubowski1, J. M. McGuire1, R. A. Evans2, S. W. Hulet1, J. A. Renner2,
A. L. Totura2, T. T. Belski2, W. T. Muse1, D. B. Miller1, R. J. Mioduszewski1
and S. A. Thomson1. 1Toxicology Team, Edgewood Chemical Biological Center,
APG-Edgewood, MD and 2Geo-Centers, Edgewood, MD.
Recent developments to improve nerve agent biomarker techniques include methods for measuring fluoride ion regenerated Cyclosarin (GF) and Sarin (GB) in
blood and tissue. Blood samples were taken serially before, during, and after whole
body vapor, intravenous, and subcutaneous routes of GF or GB exposure at lethal
levels in the minipig via venous catheter. After processing the samples with fluoride
ion and extracting with C18 solid phase extraction cartridges the ethyl acetate extract was analyzed by ammonia chemical ionization GC/MS using a large volume
injector. The regenerated GF (RGF) blood and tissue profiles differ greatly from the
regenerated GB (RGB) profiles in the minipig at similar exposure levels. The onset

of the appearance of RGF in the blood after vapor exposures seems to be delayed
and maximum levels are reached at much later times as compared to GB exposures.
The rate of RGB production during vapor exposures was 5 to10 times greater than
that of RGF at equimolar exposures. Furthermore, RGB production as a result of
vapor exposure was linear versus time unlike RGF which appeared to be biphasic.
Tissue distribution of RGB and RGF varied depending on the route of exposure.
Irrespective of the route of exposure the lungs and kidneys were major sites of nerve
agent deposition. Of the tissues examined, eye tissue was the best indicator of vapor
exposure. The eye tissue produced regenerated nerve agent levels after vapor exposures that were much higher than the intravenous or subcutaneous injections.
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A COMPARATIVE STUDY OF THE BINDING
CHARACTERISTICS OF SARIN IN BLOOD ACROSS
VARIOUS ANIMAL MODELS
J. McGuire1, E. M. Jakubowski1, R. A. Evans2, R. J. Mioduszewski1 and S. A.
Thomson1. 1US Army ECBC, Aberdeen Proving Ground, MD and 2Geo-Centers,
Inc., Aberdeen Proving Ground, MD.
To provide experimentally determined in vitro values for the binding of sarin nerve
agent to proteins in the blood, a comparative study was done across various animal
models. Binding characteristics of sarin were resolved for both plasma and red
blood cell fractions from rats, guinea pigs, minipigs, and non-human primates.
Both bound and unbound concentrations of sarin were determined in the separate
blood fractions over a concentration range of 10 ng/g to 10 µg/g of sarin added.
Unbound sarin was measured directly following dilution of the sample with saline
and solid phase extraction with ethyl acetate elution. The aqueous filtrate from the
solid phase extraction was used to quantify bound sarin, which was generated from
binding sites using fluoride ion addition followed by isolation via a second solid
phase extraction with ethyl acetate elution. Extracts (containing either unbound or
regenerated sarin) were analyzed by GC-MS using a large volume injector with a
deuterated sarin stable isotope internal standard. Sarin saturation of binding to
plasma proteins varied from a high of 325 ± 25 ng/g in rats to <10 ng/g in minipigs. Conversely, sarin binding saturation to red blood cells varied from <50 ng/g in
rats to 263 ± 25 ng/g in minipigs. These results will further be used in the development of a physiologically based pharmacokinetic model to predict the physiological
consequences of low-level exposures to chemical warfare agents.
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MEDIAN EFFECTIVE DOSAGES FOR MIOSIS (ECT50)
AND LETHALITY (LCT50) IN GOTTINGEN MINIPIGS
FOLLOWING 10, 60 AND 180-MINUTE WHOLE-BODY
EXPOSURES TO CYCLOSARIN (GF) VAPOR
S. W. Hulet1, D. R. Sommerville1, R. B. Crosier1, P. A. Dabisch1, C. L.
Krauthauser2, J. A. Scotto1, D. B. Miller2, W. T. Muse1, B. J. Benton1, J. R.
Jarvis2, R. J. Mioduszewski1 and S. A. Thomson1. 1Toxicology, US Army -SBCCOM,
Aberdeen Proving Grounds, MD and 2Geo-Centers, Inc., Abingdon, MD.
Male and female Gottingen minipigs were exposed to whole-body vapor cyclosarin
(GF) for 10, 60 or 180 minutes. The goal of the exposures was to determine the effective dosages for pupil constriction (miosis) and lethality for each exposure period. Infrared pupillometry was used to quantify pupil constriction. In male minipigs, the ECt50 (miosis) values were 1.61 mg-min/m3 (1.26-2.06), 2.83
mg-min/m3 (2.17-3.70) and 3.98 mg-min/m3 (2.91-5.45) for 10, 60 and 180
minute exposures, respectively. In female minipigs, the ECt50 (miosis) values were
1.90 mg-min/m3 (1.48-2.44), 3.48 mg-min/m3 (2.71-4.47) and 6.57 mg-min/m3
(5.03-8.56). The data were best fit with a toxic load model exponent of n=1.60.
Over the lethal concentration ranges the pigs were classified as having moderate
(miosis, salivation, tremors), severe (convulsions, gasping, collapse or prostration)
or lethal signs of exposure. Less than 3% of those minipigs that progressed to severe
signs survived for 24 hours. Maximum likelihood estimation was used to calculate
LCT50 values of 218 mg-min/m3 (163-292), 287 mg-min/m3 (224-366) and 403
mg-min/m3 (306-529) for 10, 60 and 180 minute GF exposures, respectively, in
male minipigs. In female minipigs the LCT50 values were 183 mg-min/m3 (133251), 282 mg-min/m3 (214-371) and 365 mg-min/m3 (261-511) for 10, 60 and
180 minute GF exposures, respectively. The data were best fit with a toxic load
model exponent of n=1.28. There was no significant gender difference in lethality
values. However, as a group male minipigs were significantly more sensitive to the
pupil constricting effects of GF than were female minipigs.

73

DIFFERENTIAL EFFECTS OF SARIN VAPOR EXPOSURE
ON THE OCULAR AND CARDIOVASCULAR SYSTEMS
P. A. Dabisch1, E. Davis1, M. Horsmon2, D. Miller2, J. Scotto1, R.
Mioduszewski1 and S. Thomson1. 1Toxicology, US Army Edgewood Chemical
Biological Center, Aberdeen Proving Ground, MD and 2Geo-Centers, Inc.,
Gunpowder, MD.
Inhibition of acetylcholinesterase by the organophosphorus compound sarin (GB)
results in the accumulation of acetylcholine and excessive stimulation of cholinergic
receptors. One of the first signs of exposure to GB vapor is miosis resulting from

contraction of the pupillary sphincter. Previously, our laboratory has demonstrated
tolerance to the miotic effect of GB vapor following multiple exposures. This tolerance appears to be due to desensitization of ocular muscarinic receptors secondary
to hyperstimulation. The present study was undertaken to determine whether a
similar tolerance occurs with cardiac muscarinic receptors. It was hypothesized that
multiple exposures to GB vapor would result in desensitization of cardiac muscarinic receptors. Adult male Sprague Dawley rats were exposed to GB vapor (3.93
+/- 0.18 mg/m^3) for 1 hour on each of 3 consecutive days. Miosis was present in
all GB-exposed animals following each exposure. As expected, the magnitude of the
miotic effect was decreased following the third exposure, suggesting the development of tolerance. In the heart, the magnitude of the tachycardia induced by atropine administration (2 mg/kg i.m.) was similar before and 1, 4, and 7 days after
the exposure sequence. These results suggest that there is similar level of parasympathetic tone in the heart at each time point, and that cardiac muscarinic receptors
are functional. Therefore, the tolerance seen in the eye does not occur in the heart.
It is possible that this may be due to differences in the amount of GB reaching these
tissues. However, further experiments are required to determine why this tissue difference exists.
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EFFECT OF PYRIDOSTIGMINE PRETREATMENT ON
SARIN VAPOR-INDUCED MIOSIS

M. Horsmon1, P. Dabisch2, E. Davis2, R. Mioduszewski2 and S. Thomson2.
1
Geo-Centers, Gunpowder, MD and 2Toxicology, U.S Army Edgewood Chemical
Biological Center, Aberdeen Proving Ground, MD.
The primary mechanism of action of the organophosphorous nerve agent sarin
(GB) is through inhibition of acetylcholinesterase (AChE) leading to overstimulation of muscarinic receptors. Pyridostigmine (PYR) is a carbamate compound
which reversibly inhibits AChE and is used as prophylactic treatment for nerve
agent exposure. Both GB and PYR produce miosis through stimulation of ocular
muscarinic receptors. Tolerance to the miotic effect of GB has been observed upon
repeated exposure and appears to be a result of desensitization of muscarinic receptors in the eye. The present study investigated the potential for cross tolerance to
miosis between PYR and GB. It was hypothesized that the magnitude of the miotic
response to GB vapor in animals pretreated with PYR would be less than the response observed in control animals. Since miosis is among the first signs of exposure to GB vapor, miotic cross tolerance between GB and PYR could limit the utility of miosis as a sensitive biomarker of vapor exposure. Adult male Sprague Dawley
rats were injected intramuscularly with saline, 0.04 mg/kg, 0.5 mg/kg, or 1.4
mg/kg of PYR twice daily for 8 days. After day 4, the two highest dose groups developed tolerance to miosis. On the ninth day, the rats were exposed to GB vapor
(4.0 mg/m3). A similar magnitude of miosis was observed in all groups after GB exposure, suggesting that the expected tolerance to miosis was not present. However,
the duration of the miotic response in PYR pretreated animals was significantly decreased. Twenty hours following exposure to GB, the pupils of high dose animals
had recovered to 85% of their pre-exposure baseline, while the saline injected controls had recovered to 30% of their pre-exposure baseline. These data suggest that
some cross tolerance between PYR and GB occurs. However, since the magnitude
of the response is not reduced, the PYR pretreatment and its associated miotic cross
tolerance does not appear to obscure the effectiveness of miosis as a biomarker of
acute exposure to nerve agent vapor.
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DEVELOPMENT OF AN HPLC-ESI-MS METHOD FOR
THE DETERMINATION OF PYRIDOSTIGMINE IN RAT
PLASMA

E. Davis, P. Dabisch, R. Mioduszewski and S. Thomson. Analytical Toxicology,
US Army Edgewood Chemical Biological Center, Abderdeen Proving Ground, MD.
Pyridostigmine is a carbamate compound which reversibly inhibits acetylcholinesterase and is used as prophylactic treatment for nerve agent exposure. The
effects of repeated exposure to pyridostigmine were investigated in adult male
Sprague Dawley rats. A selective and sensitive method was developed for the separation and quantification of pyridostigmine in rat plasma. The method utilized
high performance liquid chromatography (HPLC) with reversed phase C18 column and electrospray ionization mass spectroscopy detection with single ion monitoring (SIM). Edrophonium was used as an internal standard for quantification.
The compounds were separated using a gradient of 0.1% trifluoroacetic acid (TFA)
and acetonitrile at a flow rate of 1.0 mL/min. The acetonitrile gradient started at
1% and increased to 30% over 12 minutes. The gradient then returned to 1% acetonitrile at 13 minutes and was allowed to re-equilibrate for 5 minutes. The limit of
detection for pyridostigmine was determined to be 1 ng/mL. The reproducibility of
the method was determined using the average slope of the calibration curves. The
method was found to be reproducible with an average slope of 0.67 +/- 0.02 (CV =
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3 %) over 45 days. Plasma sample cleanup and pyridostigmine isolation was accomplished using solid phase extraction prior to injection into the HPLC. Average
percent recovery for pyridostigmine was determined to be 105 +/- 6 %. The
method was used to determine plasma levels of pyridostigmine following intramuscular administration to rats. Five different doses of pyridostigmine were investigated. Plasma levels increased linearly with administered dose (r^2=0.92).
Pyridostigmine administration resulted in pupil constriction, and the detected
plasma levels also correlated with the degree of pupil constriction (r^2=0.90).
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DIFFERENTIAL EFFECTS OF SARIN GAS EXPOSURE
REGIMEN ON AIRWAY REACTIVITY AND CYTOKINE
EXPRESSION

M. J. Campen, S. Razani-Boroujerdi, S. Lucas, J. Pena-Philippides and M.
Sopori. Lovelace Respiratory Research Institute, Albuquerque, NM.
Organophosphates, such as sarin, irreversibly inhibit cholinesterases and cause a
rapid increase in the synaptic acetylcholine (ACh) levels. Sarin-induced ACh is postulated to react with the muscarinic receptors on the bronchial smooth muscles,
leading to bronchoconstriction and increased airway resistance. In lungs, the interaction of ACh with postjunctional receptors M1 and M3 cause bronchoconstriction, while M2 and M4 are present pre-junctionally and inhibit the release ACh
from nerve termini. To examine the effect of sarin exposures on airway reactivity,
rats were exposed for a single 1 h exposure to 0.50 LCt50 or 5 repeated daily exposures to 0.10 LCt 50. Immediately following the exposures, separate cohorts of rats
were sacrificed for tissue collection or anesthetized for pulmonary function testing.
In rats exposed once to 0.50 LCt50 sarin, RT-PCR analysis revealed upregulation
of airway Substance P, NK-1R, NK-2R, IL-1β, IL-6, TNFα, and Bcl2.
Interestingly, sarin exposure also upregulated the expression of the pro-bronchoconstriction M1 and downregulated the expression of anti-bronchoconstriction
M2. In rats exposed to low-dose sarin for 5-days, compared to control rats, sarin
treated rats showed increased expression of substance P, M1, M3, and M5 muscarinic receptors, while M2, M4, Bcl2, Bax, IL-1β were not changed and NK-1R,
NK-2R, TNFα, and IL-6 were downregulated. Airway resistance, determined by
using the forced oscillation technique (Flexivent) before and following increasing
doses of nebulized methacholine (MCh), showed increased response in the single
day exposure and slightly blunted response after 5 daily exposures. Thus, acute sarin
exposure may increase airway reactivity through the enhanced expression M1 and
simultaneous downregulation of M2. Moreover, sarin may induce neurogenic inflammation in the lung through enhanced expression of substance P. These data are
consistent with reports showing elevated MCh reactivity in M2-/- transgenic mice.
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EFFECTS OF WHOLE-BODY VX VAPOR EXPOSURE ON
LETHALITY IN RATS

B. J. Benton, J. M. McGuire, D. R. Sommerville, P. A. Dabisch, E. M.
Jakubowski, R. J. Mioduszewski and S. A. Thomson. Operational Toxicology,
ECBC, Aberdeen Proving Ground, MD.
O-Ethyl S- [2-(diisopropylamino) ethyl] methylphosphonothiolate (VX) is a low
volatility organophosphorous compound (OP). Due to the difficulties of generating stable concentrations of VX vapor, large information gaps exist in defining
dosages of VX vapor associated with severe toxic effects. The primary objective of
this study was to determine the lethal dose (LCT50) of VX vapor for rats subjected
to whole body exposures at three different exposure durations (10, 60 and 240
min). Other objectives were to determine the degree of cholinesterase inhibition
and the dosimetric relationship between the administered VX dose and the amount
of VX-G analog (ethyl methylphosphonofluoridate) found in the blood plasma and
red blood cells (RBC’s) following exposure. Rats were exposed to VX vapor in a
750-liter dynamic air flow whole-body inhalation chamber. Air-exposed rats served
as sham controls. Following exposure to VX vapor, two groups of rats were decontaminated 30 min apart with Reactive Skin Decontaminate Lotion (RSDL) while a
third group of rats was not decontaminated. The calculated LCT50’s of all 3 groups
of rats were much lower than LCT50 values for other common OP compounds
such as sarin (GB) and cyclosarin (GF). The LCT50’s of both RSDL decontaminated groups were higher than the group that was not decontaminated and the first
decontaminated group had a higher LCT50 than the second group. Levels of VXG in the blood were measured 60 min, 24 hr and 7 days post-exposure for the two
groups of rats decontaminated with RSDL. Measureable amounts of VX-G were
found in the plasma and RBC’s at 60 min and 24 hr post-exposure. In rats exposed
for 10 minutes, higher levels of VX-G in both the plasma and RBC’s were found in
rats where decontamination was slightly delayed after exposure. Results of this
study define lethal dosages of VX vapor, demonstrate the effectiveness of RSDL decontaminant, and suggest a significant role for percutaneous absorption in wholebody VX vapor toxicity.
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REDUCED BODY TEMPERATURE AND IMPAIRED
MOTOR COORDINATION IN RATS EXPOSED TO
ACUTE AND REPEATED SUB-LETHAL DOSES OF VX

L. A. Lumley, C. L. Robison, A. R. Kohli, A. Capili, B. Somsamayvong and T.
Shih. Pharmacology, USAMRICD, Aberdeen Proving Ground, MD.
Toxic levels of chemical warfare nerve agents induce cholinergic crisis, including
seizures, hypothermia and overt signs of toxicity (convulsions, tremors, lacrimation, salivation) in humans and in rat models. Our objective was to determine
whether exposure to acute and repeated sub-lethal doses of VX affect EEG, body
temperature, and behavior in rats. Rats implanted with telemetry transmitters to
continuously measure EEG, temperature and activity were exposed repeatedly
(1/day x 3 days) to VX (0.2, 0.4, or 0.6 LD50; sc) or saline. Following each exposure, performance on the balance beam was assessed using a kinematics program
and a paw-print test. Body temperature was decreased dose-dependently following
the first exposure to VX (0.4 and 0.6 LD50), but returned to baseline by the following day. A second and third exposure further reduced body temperature,
demonstrating that with repeated exposure, there are cumulative effects of VX inhibition of cholinesterase. Circadian rhythms in temperature regulation were transiently interrupted. Despite lack of overt signs of toxicity following a single exposure, rats were impaired on the balance beam test of coordination following
exposure to 0.4 and 0.6 LD50 VX, as well as following repeated VX exposures.
Repeated exposure to 0.6 LD50 VX resulted in mild signs of toxicity but not convulsions (or seizures). These data indicate behavioral and physiological impairment
following exposure to sub-lethal doses of VX, including doses below those producing overt signs of toxicity.
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TOXIC EFFECTS OF THE CHEMICAL WARFARE NERVE
AGENT VX ON RESPIRATORY PHYSIOLOGY AND
FUNCTION IN GUINEA PIGS

P. E. Rezk1, M. P. Nambiar1, 3, J. R. Graham1, R. K. Gordon1, T. E. Moran2 and
A. M. Sciuto2. 1Biochemical Pharmacology, Walter Reed Army Institute of Research,
Silver Spring, MD, 2Medical/Analytical Toxicology, USAMRICD, Edgewood, MD
and 3Medicine, USUHS, Bethesda, MD.
Exposure to chemical warfare nerve agent (CWNA) produces severe respiratory distress leading to chronic respiratory diseases or death if not treated. In the present
study, we determined the detrimental effects of VX on respiratory dynamics in
guinea pigs. Guinea pigs are considered a superior model to study the toxicity of
nerve agents due to low levels of carboxylesterase and the similarity of pyridostigmine bromide pharmacokinetics to humans. Weight matched male guinea pigs
were exposed to saline, 0.5LD50 or 0.9LD50 VX using a micro-instillation inhalation apparatus. VX was aerosolized 2.0 cm above the bifurcation of the trachea for
5 min. Respiratory parameters were recorded using whole-body plethysmography
before and 24 h after the VX exposure. The data indicate a reduction in the respiratory rate by 10% and 5% in 0.5LD50 and 0.9LD50 VX treated animals, respectively, compared to saline controls. Although the tidal volume of 0.5LD50 VX-exposed animals and saline controls were similar, 0.9LD50 VX-exposed animals
experienced an increase of 10%. Inspiratory rate increased by 10% in 0.5LD50 and
0.9LD50 VX-exposed animals. Expiratory rate increased 10% in 0.5LD50 and 5%
in 0.9LD50 exposed animals, suggesting the possibility of gas trapping. Peak inspiratory flow decreased by 10% in 0.5LD50 and 5% in 0.9LD50 VX-exposed animals compared to saline controls. Peak expiratory flow increased by 5% in
0.5LD50 and increased by 15% in 0.9LD50 VX exposed animals, suggesting irreversible damage to the 0.9LD50 exposed animals. End inspiratory pause decreased
10% in 0.5LD50 and 25% in 0.9LD50 VX-exposed animals. These results demonstrate the deleterious effects of VX on respiratory physiology and highlight the need
to develop pulmonary medical countermeasures against VX exposure.
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LOW-LEVEL INHALATION EXPOSURE TO VX VAPOR
INDUCES ALTERATIONS OF KEY GENES AND PROTEINS
IN THE BRAIN AND BLOOD PLASMA OF RATS

J. W. Sekowski1, J. Bucher1, M. Orehek1, M. Horsmon1, J. J. Valdes1, C.
Whalley1, B. Benton1, W. Muse1, D. Miller1, C. L. Crouse1, K. Matson1, J.
Scotto1, J. Forster1, J. Manthei1, R. Way1, D. Burnett1, B. Gaviola1, R.
Mioduszewski1, S. Thomson1, S. Martino-Catt2, K. Lee2, S. Cammer2, O.
Crasta2, M. Nau3 and M. Vahey3. 1Edgewood Chemical Biological Center, US
Army, APG-EA, MD, 2Virginia Bioinformatics Institute, Virginia Polytechnic
Institute and University, Blacksburg, VA and 3Gene Array Facility, Walter Reed Army
Institute of Research, Rockville, MD.
Since the first Gulf War, there has been increased concern that the full story regarding the potential for both immediate and persistent effects of very low-level chemical warfare agent exposure is not fully understood. Although very low-level exposures may not cause obvious pathology at the time of exposure, they may cause

molecular level alterations in the brain or other critical organs. It is widely accepted
that small molecular level changes often lead to or participate in changes in important biochemical processes. The aim of this study was to link gene and protein expression alterations with biochemical pathways that may have important operational or longer-term health implications. To begin to address this aim,
transcriptomic and proteomic alterations in the brains and blood plasma of male
and female Sprague-Dawley rats exposed to low-level doses of the aerosolized nerve
agent VX were assessed. The transcriptomic changes in the brains were measured
using DNA microarray analysis and real-time RT-PCR. The proteomic analysis of
the blood plasma was carried out using 2-D PAGE, LC-MS-MS, and Western immunoblotting. To date, our results indicate that: 1) low-level inhalation exposure to
VX results the differential expression of a number of neuronal genes, including several that participate in cellular processes critical to neurological injury and regeneration and 2) there are key protein alterations in the blood plasma of agent exposed
animals, and 3) there are significant gender-associated differences in the degree and
type of gene and protein expression alterations.
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CUTANEOUS EXPOSURE TO GD AND VX: TIMING OF
ANTIDOTES

E. D. Clarkson, S. M. Schulz, R. F. Railer, S. A. Mendy, T. P. Logan and S. I.
Baskin. Medical Toxicology, US Army Institute for Chemical Defense, Aberdeen
Proving Grounds, MD.
Treatment of cutaneous exposure to organophosphates presents unique problems
due to delayed absorption. Specifically this delay in the absorption of agents into
the body affects when the antidotes in our MARK-I treatment kits should be given.
The purpose of these experiments was to address timing of antidotes for soman
(GD) or VX. Agents were applied in liquid neat form to the clipped sides of guinea
pigs that had received pyridostigmine (26 mg/kg) 30 minutes prior to agent exposure. GD and VX are absorbed at significantly different rates, with exposure to one
LD50 causing symptoms in 5 minutes for GD and 60 minutes for VX. If single injections of atropine (16 mg/kg) and 2-PAM (25 mg/kg) are given 1 minute after
agent exposure a protective ratio (PR) of 5.5 for GD and 1.4 for VX is observed.
This poor PR for VX with a single injection of atropine/2-PAM occurs even if antidote is given either 30 minutes after VX exposure (PR=1.3) or 1 hour after VX exposure (PR=1.5). If two injections of 2-PAM/atropine are given at 1 minute and 3
hours after VX exposure the PR=3.2. If three injections of 2-PAM/atropine are
given at 1, 4 and 7 hours after VX exposure the PR=4.6. However, when a 4th injection is given at 10 hours post-exposure the PR increases to 10. Since pyridostigmine enhances antidote therapy we also tried giving three injections of 2-PAM/atropine at 1, 4 and 7 hours after VX exposure with an additional pyridostigmine shot
at 7 hours, this gave a PR=5.1. However, when additional pyridostigmine is given in
a 4th injection with 2-PAM/atropine at 10 hours post-exposure a protective ratio of
12.1 is obtained. These studies demonstrate the need for additional antidote therapy or even consideration of time released pyridostigmine to potentially improve
protective ratios. Future work will need to be conducted to demonstrate this.

study in adult male rats extended and verified both similarities and differences in
gene expression, clinical and physiological endpoints confirming the reproducibility of these responses across independent laboratories and microarray platforms.
Funded by NIH R01 ES12245
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STRAIN DIFFERENCE IN TCDD TOXICITIES IN LONGEVANS AND WISTAR HANNOVER GALAS RATS

T. Kawakami3, 2, K. Shiizaki3, Y. Murakami3, T. Takahara4, K. Takeda2, C.
Tohyama1, 3 and S. Ohsako3, 1. 1Division of Environment Health, The University. of
Tokyo, Grad. School of MED.., Tokyo, Japan, 2Fac. of Pharmceut. Sciences., Tokyo
University. of Sciences., Tokyo, Japan, 3Environment Health Sciences. Division, Nat’l
INST.. for Environment Studies, Tsukuba, Japan and 4Shin Nippon Biomed. LAB..,
Kainan, Japan.
Exposure to 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) causes a wide variety of
adverse effects in laboratory animals, and most of these effects are mediated by an
aryl hydrocarbon receptor (AhR). Han/Wistar (Kuopio; H/W) rats are exceptionally
resistant, while Long-Evans (Turku/AB, AhR wt/wt) rats are sensitive to TCDD.
The resistance of H/W rats is associated with a deletion within transactivation domain of AhR (AhR hw/hw) (Pohjanvirta et al., 1998). In recent years, the Wistar
Hannover GALAS rat is used as both a toxicology model and a general, all purpose
outbred model for use in biomedical research for international harmonization.
We purchased BrlHan:WIST@Jcl(GALAS) (described here as WH) and coinsidentally found that this strain has a mixed genetic trait of AhR wt/wt and AhR hw/hw.
In the present study, we examined possible strain differences among Long-Evans
(LE; AhR wt/wt) and WH (AhR wt/wt, AhR hw/hw) rats in terms of TCDD-kinetics and alteration in organ weight. Female LE, WH-AhR wt/wt, AhR hw/hw
rats (6-week-old) were administered radioactive-TCDD (5 µg/kg) or non-radioactive TCDD (0, 5, 10 µg/kg), and then examined at one week later. No significant
difference was observed in plasma concentration of TCDD among three rat
strains. Although body weight loss and liver weight gain were similar among three
rats, incidence of thymus involution in HW-AhR hw/hw rats was significantly
lower than that in LE and HW-AhRwt/wt rats. In order to evaluate the possible
underlying mechanism, CYP1A1 mRNA levels in the thymus was compared
among LE, HW-AhR wt/wt and AhR hw/hw rats. The expression levels were
found similar among three rats, suggesting that the thymus involution by TCDDexposure is dependent upon the deletion of C-terminal transactivation domain of
AhR rather than the downstream effects of transcriptional activity of AhR on
XRE-mediated target genes.
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EVALUATION OF VARIOUS HOUSEKEEPING GENES
FOR THEIR APPLICABILITY FOR NORMALIZATION OF
mRNA EXPRESSION IN DIOXIN-TREATED RATS

A. S. Harney1, D. R. Boverhof1, L. D. Burgoon1, S. S. Lundback1, D. L.
Mendrick2 and T. R. Zacharewski1. 1Department of Biochemistry & Molecular
Biology and Center for Integrative Toxicology, Michigan State University, East
Lansing, MI and 2Gene Logic Inc., Gaithersburg, MD.

M. Niittynen1, 2, J. Linden3, P. C. Boutros4, I. D. Moffat4, A. B. Okey4 and R.
Pohjanvirta1, 3, 5. 1Department of Environmental Health, National Public Health
Institute, Kuopio, Finland, 2Department of Pharmacology and Toxicology, University
of Kuopio, Kuopio, Finland, 3Department of Food and Environmental Hygiene,
University of Helsinki, Helsinki, Finland, 4Department of Pharmacology, University
of Toronto, Toronto, ON, Canada and 5Department of Kuopio, National Veterinary
and Food Research Institute, Kuopio, Finland. Sponsor: M. Viluksela.

In an effort to further characterize the conserved and species-specific mechanisms
of TCDD-mediated toxicity, comparative temporal and dose response microarray
analyses were performed on hepatic tissue from immature ovariectomized Sprague
Dawley rats and C57BL/6 mice. For dose response studies animals were orally gavaged with 0, 0.001, 0.01, 0.1, 1, 10, 30, 100 or 300 µg/kg of TCDD and sacrificed
after 24 hrs. For temporal analyses, rats and mice received 10 or 30 µg/kg of
TCDD, respectively, or vehicle and sacrificed after 2, 4, 8, 12, 18, 24, 72 or 168
hrs. Hepatic gene expression profiles were monitored using custom cDNA microarrays containing 8,567 (rat) or 13,361 (mouse) cDNA clones representing 2,184 orthologous feature relationships (945 orthologous genes). Complementary
histopathology (H&E and Oil Red O stains), clinical chemistry (i.e. ALT, triglycerides, cholesterol, glucose), and hepatic lipid analyses were also performed to phenotypically anchor changes in gene expression to physiological endpoints.
Comparative microarray analysis identified 243 orthologous features that were activated by TCDD in both species. Conserved orthologous gene expression responses
were associated with detoxification and amino acid metabolism while non-conserved responses were related to hepatic fat accumulation, inflammation (mouse
specific) and wasting (rat specific). Furthermore, lack of conservation of these gene
expression categories was consistent with the observed histological and clinical endpoints demonstrating the ability of comparative studies to detect species-specific
physiological endpoints. Moreover, comparison of these results to an independent

Quantitative reverse transcription – polymerase chain reaction (qRT-PCR) is an extremely sensitive, convenient and rapid method to measure mRNA levels in cells
and tissues, and is gaining popularity in toxicology. To correct for sample-to-sample
variation, normalization of the expression data is required. The conventional way to
perform normalization is to select a reference gene whose expression is believed to
remain stable across all experimental conditions, then relate the concentrations of
gene(s) of interest to those of this housekeeping gene. Since recent evidence shows
that some housekeeping genes are actually not as refractory to experimental manipulations as previously thought, we validated a large number (18) of commonly-used
housekeeping genes for acute toxicity studies of 2,3,7,8-tetrachlorodibenzo-pdioxin (TCDD), an extremely potent environmental toxin known to regulate a
wide variety of genes. Microarray and qRT-PCR analyses coherently demonstrated
that about 50% of the housekeeping genes examined were responsive to TCDD in
rat liver with the magnitudes of change up to nearly 10-fold. Extension of the study
to spleen and hypothalamus verified that phosphoglycerate kinase 1 (Pgk1) and glyceraldehyde-3-phosphate dehydrogenase (GAPDH) retained their basal expression levels in all experimental settings, although body weight loss-generated repression may
mask a slight induction of GAPDH by TCDD in liver. These findings show that
normalization genes for qRT-PCR must be carefully validated in advance, especially
if the study involves a potent modifier of gene expression. (Supported by grants
from the Academy of Finland and the Canadian Institutes of Health Research).
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COMPARATIVE TOXICOGENOMIC ANALYSIS OF THE
HEPATOTOXIC EFFECTS OF TCDD IN RATS AND MICE
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SUPPRESSION OF TCDD-INDUCED CYP1A1
EXPRESSION BY CAPSAICIN IN MOUSE HEPATOMA
HEPA-1C1C7 CELLS

88

EFFECTS ON BONE TISSUE IN MALE AND FEMALE
TRANSGENIC MICE EXPRESSING A CONSTITUTIVELY
ACTIVE ARYL HYDROCARBON RECEPTOR

H. Soo Jin1, E. Han1, 2, J. Kim1, 2 and H. Jeong1, 2. 1Pharmacy, Chosun University,
Kwangju, Kwangju, South Korea and 2Research Center for Proteineous Materials,
Chosun University, Kwangju, South Korea.

C. I. Wejheden1, S. Brunnberg1, A. Hanberg1, C. Ohlsson2 and M. P. Lind1.
1
Institute of Environmental Medicine, Karolinska Institutet, Stockholm, Sweden and
2
Department of Internal Medicine, Gothenburg University, Gothenburg, Sweden.

Capsaicin (trans-8-methyl-N-vanillyl-6-nonenamide), a natural product of
Capsicum species, was known to strongly inhibit the constitutive enzymes CYP
2A2, 3A1, 2C11, 2B1, 2B2 and 2C6. In the present study, we investigated the effect of capsaicin on 2,3,7,8-Tetrachlorodibenzo-p-dioxine (TCDD)-inducible cytochrome P450 1A1 gene expression in mouse hepatoma Hepa-1c1c7 cells.
TCDD-induced CYP1A1-specific 7-ethoxyresorufin O-deethylase (EROD) activity and CYP1A1 mRNA level were markedly reduced in the concomitant treatment
of TCDD and capsaicin in a dose dependent manner. A transient transfection assay
using dioxin-response element (DRE)-linked luciferase and electrophoretic mobility shift assay revealed that capsaicin reduced transformation of the aryl hydrocarbon receptor to a form capable of specifically binding to the DRE sequence in the
promoter of the CYP1A1 gene. These results suggest the down regulation of the
CYP1A1 gene expression by capsaicin in Hepa-1c1c7 cells might be antagonism of
the DRE binding potential of nuclear Ah receptor.

The aryl hydrocarbon receptor (AhR) belongs to a super family of ligand activated
nuclear receptors. The ligands with highest affinity for AhR are dioxin and dioxinlike compounds, which are ubiquitous environmental pollutants. Transgenic mice
with a constitutively active AhR (CA-AhR) have been developed and may function
as model system for studying the effects of dioxins and the mechanisms behind
these. The aim of this pilot study was to investigate the potential effects on bone tissue in the CA-AhR mice. Long bones from female and male CA-AhR mice (9-12
months old) were analysed with peripheral quantitative computed tomography
(pQCT). Cortical parameters were determined by mid-diaphyseal scans, while trabecular parameters were determined by metaphyseal scans. Our results show that
bone tissue in CA-AhR mice is altered vs wild type (wt) mice. Both in male and female CA-AhR mice there was a significant increase in cortical bone mineral content
(BMC), cortical cross sectional area, cortical periosteal circumference, total area of
cortical bone and total content of cortical bone. Thus, indicating a higher rate of
bone formation in cortical bone tissue of CA-AhR mice. The results also indicate
that there might be gender related differences. The tibiae in male CA-AhR mice
was significantly longer than in wt mice, but no such effect was observed in female
CA-AhR mice. Furthermore, several parameters in trabecular bone tissue (e.g. trabecular BMC, trabecular bone mineral area and periosteal circumference) were significantly increased in male CA-AhR mice compared to wt mice. On the contrary,
the trabecular bone mineral density was significantly decreased in female CA-AhR
mice. This might be a consequence of differences in cross-talk with estrogen receptors, since similar results have been observed in studies with ERβ knock-out mice.
In conclusion, CA-AhR mice show disturbed bone tissue composition with differences between genders.
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2,3,7,8-TETRACHLORODIBENZO-P-DIOXIN
INCREASES THE EXPRESSION AND ACTIVATION OF
MATRIX METALLOPROTEINASE-2 IN HUMAN
FIBROSARCOMA HT1080 CELLS

J. H. Choi1, 2, J. Y. Kim1, H. G. Kim1, 2, E. H. Han1, 2, Y. P. Hwang1, 2, K. N.
Oh1, 2 and H. Jeong1, 2. 1Pharmacy, Chosun University, Kwangju, Kwangju, South
Korea and 2Research Center for Proteineous Materials, Chosun University, Kwangju,
South Korea.
Polycyclic aromatic hydrocarbons (PAHs) are carcinogenic and immunotoxic
chemicals widely distributed in the environment. 2,3,7,8- tetrachlorodibenzo-pdioxin (TCDD) is one of the most toxic compounds in the PAHs. In the present
study, we investigated the effect of TCDD on the expression and activity of matrix
metalloproteinase-2 (MMP-2) in human fibrosarcoma HT-1080 cells. TCDD dose
dependently increased MMP-2 mRNA and stimulated MMP-2 gelatinolytic activity using reverse transcription-polymerase chain reaction and gelatinolytic zymography assay, respectively. Transient transfection experiments also showed that
TCDD increased in MMP-2 promoter activity. MMP-2 secreted as a proenzyme,
and activated by membrane-type 1 MMP (MT1-MMP). TCDD treatment also increased the MT1-MMP expression. Taken together, these results demonstrate that
TCDD can stimulate the production and activation of MMP-2 through the upregulation of MT1-MMP expression in human fibrosarcoma HT1080 cells, which
play an important cause of tumor-promotion.
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THYROID HORMONE RECEPTOR-α
α IS NOT
RESPONSIBLE FOR TCDD-MEDIATED
IMMUNOTOXICITY AND WASTING SYNDROME

C. P. Curran, T. P. Dalton, M. L. Miller, G. D. Leikauf and D. W. Nebert.
Environmental Health, University of Cincinnati, Cincinnati, OH.
It has been shown that surgical removal or chemical ablation of the thyroid in rodents protects against TCDD-induced wasting syndrome and immunotoxicity; replacement therapy with thyroxine (T4) can restore TCDD toxicity, indicating a key
role for thyroid hormones in mediating TCDD toxicity. To explore the role of TH
receptors, we queried whether the genetic absence of THRα would protect against
TCDD toxicity. Thra(+/+) wild-type, Thra(+/-) heterozygotes, and Thra(-/-)
knockout male and female mice were given TCDD (200 mg/kg i.p.) or the corn oil
vehicle alone and then monitored for weight loss and lethality. Average time to
death was 20 ± 1.4 days for treated males of all genotypes. No lethality was seen in
TCDD-treated females or control groups up to 60 days following treatment.
Weight change was significantly different between treated and control males (-3.9 ±
0.6 vs 2.0 ± 0.32) and between treated males and treated females (-3.9 ± 0.6 vs 0.72
± 0.34). Spleen wet weights (mg/g body wt) were significantly lower in treated
males (1.7 ± 0.13) compared with both control males (3.04 ± 0.01) and treated females (2.8 ± 0.15). For thymus wet weights, both treated males and treated females
were significantly lower than controls. Liver histology revealed significant lipid accumulation in treated males and females regardless of genotype, although males
tended to have larger hepatocytes with more lipid inclusions. We conclude that
THRα is not essential in modulating TCDD-induced immunotoxicity and wasting
syndrome. Our results are consistent with recent reports that THRβ might be more
important than THRα in modulating an animal’s metabolic rate and that THR interactor-11 protein (TRIP11) might play a role in mediating TCDD toxicity. —Supported, in part, by NIH grants R01 ES08147, P30 ES06096, and 5T32
DK59803.
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SHORT-TIME EXPOSURE TO DIOXIN IMPAIRS
TRABECULAR BONE TISSUE IN MALE
SPRAGUE/DAWLEY RATS

R. Lundberg1, C. Wejheden1, F. Moncek2, A. Rannug2 and M. Lind1. 1Division
of Biochemical Toxicology, Institute of Environmental Medicine, Karolinska Institutet,
Stockholm, Sweden and 2Division of Work Environment Toxicology, Institute of
Environmental Medicine, Karolinska Institutet, Stockholm, Sweden.
Chronic and sub-chronic studies in rats have shown that dioxin and dioxin-like
compounds impair bone tissue composition and strength. The aim of this pilot
study was to investigate whether short-time exposure to dioxin affects bone tissue
or not. Two months old, male Sprague/Dawley (SD) rats (200g) were injected intraperitoneally with 500g/kg 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) in corn
oil and tibiae were excised 5 days following exposure. Bone composition and dimensions were determined by peripheral quantitative computed tomography
(pQCT) on excised tibiae. Cortical parameters were determined by mid-diaphyseal
scans of tibiae, while trabecular parameters were determined by metaphyseal scans.
The results show that short-time exposure to TCDD has a significant impact on the
metaphyseal part of tibia, but not on the diaphyseal part. A significant decrease in
trabecular bone mineral area of the metaphysis in TCDD exposed rats (9.3 mm2 ±
0.5) vs non-exposed rats (11.3 mm2 ± 0.2) was observed (p<0.01). A possible explanation might be that the metabolic rate of trabecular bone tissue is much higher
than the metabolic rate in cortical bone. In conclusion, short-time exposure to
TCDD affected the mineralisation of the trabecular bone of male SD rats, and
taken together our results might reflect a more rapid response in the trabecular
bone compared to cortical bone.
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DIOXIN LEVELS IN VIETNAMESE POTENTIALLY
EXPOSED TO AGENT ORANGE: UPDATE 2006

O. Paepke3, A. J. Schecter1, H. T. Quynh2, J. D. Constable4 and K. Tung1.
1
Environmental Sciences, University of Texas School of Public Health, Dallas, TX,
2
Institute for Sustainable Agriculture, Hanoi, Viet Nam, 3Eurofin ERGO Research,
Hamburg, Germany and 4Harvard Medical School, Boston, MA.
Previous studies begun in 1968 showed elevated TCDD in Vietnamese human
milk, blood, fish, wildlife, sediment and soil from Agent Orange. Human tissue
and environmental samples from a number of locations in the south of Vietnam
where Agent Orange herbicide contaminated with 2,3,7,8-TCDD was sprayed
were studied with findings of elevated TCDD in many samples. Levels as high as
1,850 ppt TCDD were found in human milk and as high as 1 million ppt in soil
samples. Usually soil levels were not elevated. The general population in the north
of Vietnam where Agent Orange was not sprayed had blood and milk TCDD levels
approximately 1 ppt. In the south levels of TCDD in human tissue were usually 2

ppt except for persons with elevated levels from Agent Orange contamination. In
certain areas such as Binh Hoa City, high levels of TCDD were found in blood,
food, soil and sediment. This is believed at least partially due to storage and leakage
from storage tanks of Agent Orange. Blood TCDD and food TCDD levels in 1999
and 2000 were similar in Bien Hoa to high levels found during spraying of Agent
Orange between 1962 and 1971. Blood was taken from an additional 6 locations
where Agent Orange spraying was heavy during wartime. Individual blood analyses
from these locations showed lesser or no elevation of TCDD. However, elevated
PCBs were found in one location in food and elevated PCDFs in blood in a second
location. These could only be of industrial origin and not Agent Orange. However,
they contributed to an elevation of dioxin toxic equivalents or TEQ. Such exposure
must be considered in dioxin health studies in addition to TCDD exposure.
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CAVEOLIN-1 PLAYS A ROLE IN PCB-INDUCED
VASCULAR ENDOTHELIAL CELL INFLAMMATION
Z. Majkova, X. Arzuaga, E. Lim, E. Smart, M. Toborek and B. Hennig.
University of Kentucky, Lexington, KY.
Polychlorinated biphenyls (PCBs) are persistent environmental pollutants that
cause a variety of toxic and proatherogenic responses, including inflammation
within the vascular endothelium. Caveolae are abundant in endothelial cells and are
cellular organelles with multiple functions, including regulatory aspects in the etiology of atherosclerosis. We hypothesize that caveolae and its major structural protein caveolin-1 (CAV-1) play a significant role in PCB-induced endothelial cell
(EC) inflammation. To determine if CAV-1 expression could be affected by PCBs,
EC were treated with the co-planar PCB 77 (3-10 µM). PCB 77 treatment led to a
significant increase in both CAV-1 gene and protein expression. This up-regulation
was also observed in liver tissue of wild type mice after treatment with PCB 77 (150
µmoles/kg) for 48 h. Furthermore, PCB 77 also induced expression of other CAV1 associated proteins, such as annexin-II and COX-2. Interestingly, treatment with
the non-coplanar PCB 153 did not share these effects. These data suggest that the
aryl hydrocarbon receptor (AHR) pathway could play a significant role in PCB 77
induction of CAV-1. Thus, EC were treated with PCB 77 and two AHR antagonists, α-naphthoflavone (10 µM) or quercetin (100 µM). Both antagonists significantly decreased PCB 77-induced CAV-1 upregulation. To determine that CAV-1
plays a significant role in PCB 77-induced inflammation, both wild type and CAV1 knockout mice were treated for 48 h with vehicle or PCB 77, and expression of
pro-inflammatory biomarkers was determined in various tissues. Preliminary data
from these experiments suggest that wild type mice were sensitive to PCB 77-induced upregulation of CYP1A1, COX-2, ICAM-1 genes and down-regulation of
eNOS, while CAV-1-/- mice were resistant to these events. Taken together, these results suggest that caveolae play a role in co-planar PCB toxicity and that CAV-1
may be a regulator of PCB-induced inflammation in endothelial cells. (Supported
by grants from NIEHS, NIH (P42ES07380) and the University of Kentucky AES)
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INDUCTION OF OXIDATIVE STRESS, DNA DAMAGE,
AND CELL TOXICITY BY POLYCHLORINATED
BIPHENOLS (PCBS) IN HUMAN BREAST CANCER
CELLS
P. Lin, C. Huang and C. Lin. Environmental Engineering, National Chung Hsing
University, Taichung, Taiwan.
The objective of this research is to examine the roles of metabolic activation and altered gene expression in mediating the induction of oxidative stress, DNA damage,
and cell toxicity by polychlorinated biphenyls (PCBs), including PCB52 and
PCB77, in human ERα(+)/MCF-7 and ERα(-)/MDA-MB-231 breast cancer cells.
Results indicated that both PCB52 and PCB77 induced concentration- and timedependent increases in cytotoxic response in MCF-7 and MDA-MB-231 cells.
Further investigation indicated that both PCB52 and PCB77 induced significant
increases in intracellular levels of reactive oxygen species (ROS) in MCF-7 and
MDA-MB-231 cells. In addition, at non-cytotoxic concentrations both PCB52
and PCB77 induced significant decreases in intracellular NAD(P)H and NAD+ by
poly(ADP-ribose)polymerase-1 (PARP-1) activation through formation of DNA
strand breaks in MDA-MB-231 cells but not in MCF-7 cells. Overall, the extent of
cytotoxic response, ROS formation, and PARP-1 activation induced by these two
PCB congeners in human breast cancer cells was greater for PCB52 than for
PCB77. Results from semi-quantitative reverse-transcription polymerase chain reaction analyses indicated that PCB77 induced increases in the expression of
CYP1A1, hAPE, and XRCC1 in MCF-7 cells whereas PCB52 induced a up regulation of hOGG1, hAPE, and XRCC1 mRNAs. On the other hand, an increase in
the levels of CYP1A1 and XRCC1 mRNAs was detected in MDA-MB-231 cells exposed to PCB52 and PCB77. In conclusions, results from our investigation indicates that both PCB52 and PCB77 may induce ROS formation, DNA strand
breaks, cell toxicity, and imbalances in the expression of DNA base excision repair
enzymes in human breast cancer cells. The data also suggests that estrogen receptor
α status may play a role in modulating the PCB-induced DNA damage in these two
breast cancer cell lines. (This work was supported by the National Science Council,
Taiwan, through grants NSC 93-3112-B-005-001 and NSC 94-2314-B-005-001).
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POLYCHLORINATED BIPHENYLS (PCBS) MODULATE
THE INDUCTION OF CELL TOXICITY, ROS
FORMATION, AND DNA DAMAGE BY 17β-ESTRADIOL
IN HUMAN BREAST CARCINOMA CELLS
C. Lin, Y. Chou and P. Lin. Environmental Engineering, National Chung Hsing
University, Taichung, Taiwan.
The objective of this research is to investigate the effects of polychlorinated
biphenyls (PCBs), including PCB126 and PCB153, on the induction of reactive
oxygen species (ROS) formation, DNA damage, and cell death by 17β-estradiol
(E2) in human breast cancer cells, including estrogen receptor α (ERα)(+)/MCF-7
and ERα(-)/MDA-MB-231 cells. Results indicated that E2, PCB126, and
PCB153 induced concentration- and time-dependent increases in cytotoxic response in both MCF-7 and MDA-MB-231 cells. Further, at non-cytotoxic concentrations, E2 induced concentration-dependent increases in ROS formation in
MDA-MB-231 cells. Pretreatment of PCB153 but not PCB126 inhibited the E2induced ROS formation in MDA-MB-231 cells. On the other hand, E2 did not induce significant increases in intracellular levels of ROS in MCF-7 cells. However,
when MCF-7 cells were pretreated with PCB153, significant increases in intracellular ROS were detected in E2-treated MCF-7 cells. Further investigation indicated
that E2 induced decreases in intracellular NAD(P)H and NAD+ by poly(ADP-ribose) polymerase-1 (PARP-1) activation through formation of DNA strand breaks
in MDA-MB-231 cells at physiologically relevant concentration (1-10 nM).
Pretreatment of PCB153 but not PCB126 inhibited the E2-induced PARP-1 activation in MDA-MB-231 cells. When MCF-7 cells were treated with E2 (0.1-10
nM), we did not detect decreases in NAD(P)H levels. In contrast, PCB153 pretreatment induced significant decreases in intracellular NAD(P)H in MCF-7 cells
exposed to E2. In conclusions, this evidence suggests that PCB153 but not
PCB126 modulates estrogen-induced ROS formation, DNA damage, and cell toxicity in human breast cancer cells. The data also suggests that ER α status may play
a role in modulating the E2-induced oxidative DNA lesions in human breast cancer cells. (This work was supported by the National Science Council, Taiwan,
through grants NSC 93-3112-B-005-001 and NSC 94-2314-B-005-001).
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AROCLOR 1254 MAY INDUCE LONG-TERM
ALTERATIONS IN CENTRAL VASOPRESSIN RELEASE BY
INHIBITING NITRIC OXIDE SYNTHESIS WITHIN THE
SUPRAOPTIC NUCLEUS
C. G. Coburn1, B. Hou2, L. Lin2, C. Cheetham2, E. R. Gillard2, O. Loson2,
D. Prodon2 and M. C. Curras-Collazo2, 1. 1Environmental Toxicology, UC Riverside,
Riverside, CA and 2Cell Biology and Neuroscience, UC Riverside, Riverside, CA.
Polychlorinated biphenyls (PCBs) are ubiquitous environmental toxicants that are
carcinogenic and affect a variety of hormonal systems (Safe, 1993). However, since
little is known of the effects of PCBs on neuroendocrine function, our research investigates the effects of PCBs on osmoregulation and in particular on magnocellular neuroendocrine cells (MNCs) of the supraoptic nucleus (SON). MNCs release
vasopressin (VP) within the SON, a phenomenon contributing to autoregulation
of systemic VP release into the general circulation. Previous work has shown that in
rats, oral exposure to PCBs suppresses the dehydration-induced intranuclear release
of VP leading to a derangement of systemic VP release into the circulation (Coburn
et al., 2005).
Because several PCB congeners contained in Aroclor 1254 reduce nitric oxide
synthase (NOS) activity in the rat hypothalamus (Sharma and Kodavanti, 2002)
and nitric oxide (NO) is required for dehydration-induced intranuclear VP release
(Gillard et al., 2003), it is possible that PCBs might compromise the SON MNC
system by decreasing compensatory NO production in response to dehydration. To
directly quantify the contribution of NO to SON VP release during dehydration
we measured NO release from SON tissue punches using an enzymatic NO assay
(Oxford Biomedical). Pilot data show that PCB treatment (Aroclor 1254/30uM;
10 min) in vitro significantly decreases NO release from the SON of dehydrated
adult male rats. Furthermore, recent work using NADPH-diaphorase histochemistry and densitometry analysis revealed that in utero exposure to PCBs caused a
dramatic inhibition of dehydration-induced compensatory NOS activity in aged
(15-month) male rats. Taken together these early data suggest that PCBs might
compromise the SON MNC system by decreasing dehydration-induced compensatory NO production within the SON.
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HEPATIC GENE EXPRESSION PROFILING OF FEMALE
RATS CHRONICALLY EXPOSED TO PCB 126, PCB 153,
OR A BINARY MIXTURE OF PCB 126 AND PCB 153
K. M. Kransler1, B. J. Ovando1, R. J. Foxenberg1, C. M. Vezina2 and J. R.
Olson1. 1Pharmacology & Toxicology, SUNY at Buffalo, Buffalo, NY and 2Pharmacy,
University of Wisconsin, Madison, WI.
The relative chronic toxicity and carcinogenicity of two polychlorinated biphenyls
(PCBs) was evaluated by the National Toxicology Program in a series of cancer
bioassays. Female Sprague-Dawley rats were exposed five-days a week to either the
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dioxin-like PCB126 (3,3’,4,4’,5-pentachlorobiphenyl), the non-dioxin-like
PCB153 (2,2’,4,4’,5,5’,-hexachlorobiphenyl), or a binary mixture of
PCB126/PCB153 for up to 104 weeks. Pathology reports indicate that 52 weeks of
exposure to PCB126 produced a dose dependent increase in the incidence of liver
hypertrophy, diffuse fatty change, multinucleated hepatocytes, cellular pigmentation, and bile duct hyperplasia. With the exception of liver hypertrophy, these
markers were not seen after 52 weeks of exposure to PCB153. After 104 weeks,
cholangiocarcinoma and hepatocellular adenoma were observed in the PCB126
group but not in the PCB153 group. Interestingly, a potentiation in the incidence
of some of the above non-neoplastic and neoplastic lesions was seen in the binary
mixture group. To investigate the molecular mechanisms underlying the observed
potentiation we used Affymetrix RGU34A microarrays to identify genes differentially regulated in rat liver samples exposed to either PCB126 (1,000ng/kg),
PCB153 (1,000µg/kg), or the binary mixture (1,000ng/kg PCB126/1,000µg/kg
PCB153) for 13 or 52 weeks. Preliminary analysis of the 52 week results identified
763 genes that showed a greater-than-additive fold change in expression in the binary treatment group when compared to the single PCB groups. For example, matrix metallopeptidase 12 (MMP12) showed fold changes of 1.0, 20.3, and 40.3
(PCB153, PCB126, and binary mixture respectively). We also identified 437 genes
that showed a less-than-additive fold change in expression. The data in this study
provide the initial assessment necessary to identify the mechanisms responsible for
the observed neoplastic and non-neoplastic responses.
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STRUCTURE ACTIVITY ANALYSIS OF THE
INHIBITION OF ALKOXYRESORUFIN ODEALKYLATION ACTIVITIES BY
TETRACHLOROBIPHENYLS

P. Edwards and S. Bandiera. Faculty of Pharmaceutical Sciences, University of British
Columbia, Vancouver, BC, Canada.
The objective of this study was to compare the activity of tetrachlorobiphenyls as
inhibitors of CYP mediated ethoxy-, methoxy- and benzyloxyresorufin O-dealkylation (EROD, MROD and BROD, respectively). Four symmetrically substituted
PCBs, 2,2′,4,4′-tetrachlorobiphenyl (PCB 47), 2,2′,5,5′-tetrachlorobiphenyl (PCB
52) 2,2′,6,6′-tetrachlorobiphenyl (PCB 54) and 3,3′,4,4′-tetrachlorobiphenyl
(PCB 77) were chosen to explore structure-activity relationships regarding the effect of coplanarity on alkoxyresorufin O-dealkylation activity. The ability of a specific PCB to inhibit the metabolism of these alkoxyresorufin compounds provides
an indication of the CYP isoforms responsible for the metabolism of that PCB. Rat
liver microsomal MROD, BROD and EROD activities were determined at varying
substrate concentrations using a spectrofluorometer. For each PCB tested, Odealkylation activities were determined in the absence and in the presence of two
different concentrations of PCB. The inhibitory constant (Ki) of each PCB was determined using Sigmaplot 2001 with the Enzyme Kinetics module (version 1.10).
The most potent inhibitor of MROD activity was PCB 77 with an approximate Ki
of 3 nM. The Ki values for PCB 47 and 52 were 11 µM and 8 µM, respectively.
PCB 77 was also the most potent inhibitor of EROD activity with a Ki of 49 nM,
this was followed by PCB 52 and PCB 47 with Ki values of 13 µM and 20 µM, respectively. PCB 54 was unable to inhibit MROD and EROD activities at the highest concentration tested. The Ki values of PCB 47, 52 and 54 in regards to the inhibition of BROD activity were 640 nM, 150 nM, 190 nM, respectively. BROD
activity was unaffected by PCB 77 at the highest concentration tested. These results
demonstrate that relatively coplanar PCBs, such as PCB 77, preferentially inhibit
EROD and MROD activities; whereas, noncoplanar PCBs such as PCB 54 preferentially inhibit BROD activity.
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REGULATION OF CYCLOOXYGENASE-2 IN
GRANULOCYTIC HL-60 CELLS BY 2,2′,4,4′TETRACHLOROBIPHENYL INVOLVES
TRANSCRIPTIONAL CHANGES AND CHANGES IN
mRNA STABILITY

S. Bezdecny1, 2, 3, R. A. Roth1, 2, 3 and P. E. Ganey1, 2, 3. 1Department of
Pharmacology and Toxicology, Michigan State University, East Lansing, MI, 2Center
for Integrative Toxicology, Michigan State University, East Lansing, MI and 3National
Food safety and Toxicology Center, Michigan State University, East Lansing, MI.
Polychlorinated biphenyls (PCBs) are ubiquitous environmental contaminants that
affect a number of cellular systems, including neutrophils. In a promyelocytic
leukemia cell line (HL-60) differentiated with DMSO to a neutrophil-like phenotype, ortho-substituted, noncoplanar PCBs such as 2,2′,4,4′-tetrachlorobiphenyl
(2244-TCB) increase COX-2 mRNA, protein and activity. The objective of these
experiments was to explore further the mechanisms by which 2244-TCB increases
COX-2 in granulocytic HL-60 cells. We examined the effect of the transcriptional
inhibitor actinomycin D (ActD) on 2244-TCB-induced COX-2 upregulation.
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Addition of ActD after 30 minutes exposure to 2244-TCB had no effect on COX2 mRNA levels. ActD (10 µg/mL) caused a significant decrease in COX-2 mRNA
when added concurrently with 2244-TCB or within 20 minutes of 2244-TCB administration. Pretreatment of cells with SB-202190 (SB), an inhibitor of p38 mitogen-activated protein kinase (MAPK), caused a further decrease in COX-2 mRNA
in cells exposed to 2244-TCB and ActD. These results suggest that 2244-TCB-mediated increases in COX-2 are due both to increased gene transcription and p38
MAPK-mediated increases in mRNA stability. (Supported by ESO4911).
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2,3,7,8-TETRACHLOROPHENOTHIAZINE: A POTENT
ARYL HYDROCARBON RECEPTOR LIGAND

K. W. Fried1, R. M. Bazzi2, D. R. Bell2 and K. K. Rozman1, 3. 1Department . of
Pharmacology, Toxicology & Therapeutics, University of Kansas MED.. Ctr., Kansas
City, KS, 2Molecular Toxicology, School of Biology, University of Nottingham,
Nottingham, United Kingdom and 3Section of Environmental Toxicology, Institute for
Toxicology, GSF-National Research Center for Environment and Health, Neuherberg,
Germany.
The development of 2,3,7,8-tetrachlorophenothiazine (TCPT) was based on its
structural analogy to dioxins, specifically to 2,3,7,8-tetrachlorodibenzo-p-dioxin
(TCDD). TCDD binds readily to the aryl hydrocarbon receptor (AhR), and, thus,
exerts thereby many of its biological effects in vitro and in vivo. Historically, the induction of CYP 1A1 activity was the first pathway found to be mediated through
the AhR. It has been shown previously that TCPT displays a 370-times lower potency for the respective in vitro induction as compared to TCDD. Therefore, studies investigating binding kinetics of TCPT to the AhR in relation to TCDD were
undertaken on a molecular level in order to further investigate its analogy to
TCDD. The displacement of specifically bound 3H-TCDD in vitro from rat hepatic cytosol by increasing concentrations of TCPT revealed a strong binding affinity for this dioxin analogue to the AhR. It was found that the Ki of TCPT is 0.85
nM in the assay used as compared to a Kd of 0.37 nM for TCDD, i.e. the Ki of
TCPT is within three-fold of the Kd of TCDD. Therefore, within the limits of this
competitive binding assay, TCPT can be considered to be a potent AhR ligand,
with an affinity ranging near the most potent dioxin congener. This finding diverges from the 370-times lower potency in the downstream induction of CYP 1A1
activity. Discrepancies between the binding affinity of compounds to the AhR and
their potency regarding enzyme induction have sporadically been documented in
the literature. A conclusive explanation for this isolated phenomenon, however, has
yet to be found.
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DO THE EPIDERMAL TISSUES OF HUMANS PROVIDE
A SUBSTANTIAL SINK AND EXCRETION PATHWAY
FOR MORE PERSISTENT POLYCHLORINATED
BIPHENYLS AND DIOXINS?

B. D. Kerger1 and R. C. James2. 1HSRI, Inc., Tallahassee, FL and 2TERRA,
Tallahassee, FL.
Observations of human blood and adipose tissue burdens of the more persistent
polychlorinated biphenyls (PCBs) and 2,3,7,8-chlorinated dibenzo-p-dioxins or
dibenzofurans (PCDD/Fs) suggest slow or undetectable elimination via urine,
feces, or exhalation. The rice oil poisoning incidents showed that these compounds
are excreted through sebaceous glands and accumulate in gingival tissues and skin
at high doses. Pharmacokinetic studies of DDE also demonstrate partitioning to
skin as a depot for distribution and storage in mammals. The skin and other epidermal tissues involve competing biochemical processes for partitioning, sequestering, and sloughing of lining cells most prone to PCB/PCDD/F accumulation. The
epidermal tissues of the gastrointestinal tract lining and the skin may provide a high
capacity sink for storage and sloughing of these compounds exclusive of losses due
to metabolic (e.g., biliary) and fecal lipid partitioning processes. Sebaceous gland
secretions of PCBs/PCDD/Fs are released to the stratum corneum and not likely to
be reabsorbed, while subcutaneous fat concentrations equilibrate with the growing
dermis and epidermis. Through continued growth and exfoliation of the skin, average daily excretion of unchanged PCB/PCDD/Fs may exceed that lost via feces.
Similar processes probably impact the epidermal lining of the gastrointestinal tract
and influence fecal concentrations. This mechanism may also effect body burden
dilution and more rapid PCB/PCDD/F loss during rapid growth stages, e.g., fetal,
neonatal, and early childhood. Human and mammalian toxicokinetic observations
are used to develop preliminary quantitative estimates of the capacity of the epidermal tissues to act as a depot and end sink. These observations suggest a substantial
loss of unchanged PCB/PCDD/Fs may occur by these epidermal sequestration/excretion mechanisms and this may account for some interspecies and interindividual
variability in elimination kinetics.
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DISPOSITION OF A MIXTURE OF POLYBROMINATED
DIPHENYL ETHERS (PBDES) IN MALE F344 RATS

E. H. Lebetkin, J. M. Sanders, L. Chen, A. C. Creech and L. T. Burka. LPC,
NIEHS, Research Triangle Park, NC.
2,2′,4,4′-Tetra- (BDE47), 2,2′,4,4′,5-penta- (BDE99) and 2,2′, 4,4′, 5,5′-hexa(BDE153) bromodiphenyl ether are components of some commercial flame retardant products. BDE47, BDE99, and BDE153 are present in the environment and
have been shown to accumulate in mammalian tissues. Congener ratios in tissues
generally differ from those found in commercial polybrominated diphenyl ether
(PBDE) mixtures. For instance, the ratio of BDE47 to BDE99 in lipid tends to be
much higher than the corresponding ratio in flame retardants. The present work
has investigated potential differences and interactions in the in vivo fates of BDE47,
BDE99, and BDE153 that may explain those observations. 14C-labeled BDE47,
BDE99, and BDE153 were administered daily to male F344 rats by gavage at 1
µmol/kg each (1/1/1) in a prepared mixture for 1 or 3 consecutive days. 14C in adipose tissue and liver (collected 24 h after either 1 or 3 doses), and in cumulative
feces, was solvent extracted and analyzed by HPLC. Results indicated that co-administration did not affect absorption of individual PBDEs. BDE47, BDE99, and
BDE153 were present in adipose tissue at a molar ratio of 1.6/1.1/1.0 and
2.0/1.0/1.1 following 1 and 3 doses, respectively. Ratios in liver were 1.0/1.0/4.4
and 1.7/1.0/8.3 for BDE47, BDE99, and BDE153 after 1 and 3 doses, respectively.
The amount of metabolites in feces increased from 1 to 3 days, primarily originating from BDE99. BDE47 was distributed to adipose tissue to a greater extent than
the other two PBDEs. This result is consistent with observations of higher levels of
BDE47 in lipids of previous studies. The ratio of BDE99 may be less in adipose tissue due to greater metabolism of the congener. The amount of BDE153, relative to
the other PBDEs, increased in liver over time, probably due to limited metabolism.
These results suggest that differential ratios of individual PBDEs in mammalian tissues relative to their ratios in flame retardant products are explained by differences
in their individual in vivo fates.
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IMMUNOMODULATION BY
PERFLUOROOCTANESULFONATE (PFOS) IN A 28-DAY
RAT FEEDING STUDY

G. S. Bondy, I. Curran, L. Coady, C. Armstrong, M. Parenteau, V. Liston, L.
Hierlihy and J. Shenton. Toxicology Research Division, Food Directorate, Health
Canada, Ottawa, ON, Canada.
Perfluorooctanesulfonate is one of a large family of industrial and pharmaceutical
chemicals which is widely disseminated in the environment. Perfluorooctanoic acid
(PFOA), a closely related contaminant, has been shown to cause splenic and thymic
atrophy in mice. To determine whether exposure to PFOS alters immune tissues
and cells, male and female rats were exposed to PFOS in diet for 28 days at levels
ranging from 2 to100 mg/kg feed. At the highest dose thymus weights were significantly lower in male and female rats and spleen weights were significantly lower in
female rats. Changes in numbers of circulating blood cells were observed only in female rats. Total white blood cell numbers were significantly elevated in conjunction
with elevated total T (CD3+), T helper (CD4+) and T suppressor (CD8+) cells. B
lymphocyte (CD 45RA+) and NK cell (CD161a+) numbers were not affected.
Spleen lymphocyte proliferative responses to the T cell mitogen Con A and the B
cell mitogen LPS were not significantly altered by treatment. While splenic and
thymic atrophy in PFOS-treated rats were consistent with similar effects in PFOAtreated mice, the functional significance of these changes and of elevated circulating
T lymphocytes in female rats has yet to be established and are the subject of ongoing investigations. Since PFOS is a peroxisome proliferator it is plausible that immunomodulation is an indirect effect resulting from the far-reaching effects of altered lipid metabolism. This is supported by the observation that changes in body
and organ weights were significant in rats ingesting diets contaminated with 10 mg
PFOS/kg feed, whereas changes in immune parameters were significant only at
higher doses.

102

PERFLUOROOCTANESULFONATE (PFOS) TOXICITY IN
THE RAT: A 28-DAY FEEDING STUDY

I. Curran, G. Bondy, V. Liston, L. Hierlihy, L. Coady and S. Gurofsky.
Toxicology Research Division, Food Directorate, Health Canada, Ottawa, ON,
Canada.
Perfluorooctanesulfonate is widely disseminated in the environment as a result of
fluorochemical usage in a range of commercial applications. Analyses of blood and
tissues from wildlife at different trophic levels of the food chain indicate that PFOS
is bioaccumulative. In humans PFOS is present in serum from non-occupationally
exposed subjects in the ng/mL range. To identify putative health effects associated
with PFOS exposure, rats were exposed for 28 days to PFOS in feed ranging from
2 to 100 mg/kg feed. Body weights and food consumption declined significantly

with increasing PFOS dose in male and female rats. At necropsy liver weights were
significantly increased while heart and kidney weights were significantly decreased
in a dose-dependent manner. Clinical changes included significantly decreased
serum cholesterol and triglyceride levels in males and females, consistent with the
known hypolipdemic effects of PFOS. Significant clinical decreases in aspartate
transaminase, creatinine kinase, and lipase in females were atypical for these markers. Hematological changes were significant in female rats but not males and included decreases in red blood cell (RBC) numbers, hematocrit and hemoglobin levels. Analyses of hepatic gene expression indicated that there were significant
dose-related increases in acyl-CoA oxidase and cyp4A22 expression in males and females and increased peroxisome proliferator activated receptor-alpha (PPAR-α)
gene expression in females. Comparison of hepatic PPAR-α gene expression between livers from PFOS treated male rats and archived male rat samples treated
with ciprofibrate for the same period of time found PPAR-α was induced by
ciprofibrate but not by PFOS. A NOEL (no observed effect level) of 2 mg
PFOS/kg diet was observed based on the parameters monitored in this study. Thus
PFOS does induce some but not all markers of the peroxisome proliferation typically observed in rats, indicating possibly a distinct mode of action from other peroxisome proliferators.
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PERFLUOROOCTANE SULFONIC ACID ALTERS
HUMAN NEUTROPHIL FUNCTION

M. Moreno-Contreras2, 1 and J. Olivero-Verbel1. 1Environmental and
Computational Chemistry Group, University of Cartagena, Cartagena, Colombia and
2
Master’s Degree Program in Microbiology, University of Cartagena, Cartagena,
Colombia.
Perfluorooctane sulfonic acid (PFOS) is a persistent and widespread pollutant detected in wildlife and humans. Due to its amphiphillic nature, PFOS and its related
compounds have physiological effects at several levels, including direct changes on
membrane permeability. Membrane-associated properties are essential in the functioning of neutrophils (PMN), phagocytic cells that constitute the first line of defense against pathogens. Accordingly, our working hypotheses was that PFOS can
alter different processes on neutrophils that depend on membrane integrity such as
degranulation. Human PMNs from immunocompetent volunteers were isolated
using gelatin and ficoll-hypaque. Cells (two million/mL) were pretreated with the
microfilament inhibitor cytochalasin B, followed by incubation with PFOS (0.01
to 100 µM) and then treated with vehicle (DMSO) or the chemotactic peptide
formyl-Methionyl-Leucyl-Phenylalanine (fMLP). Neutrophil degranulation was
measured using the release into the medium of azurophil granule proteins such as
myeloperoxidase (MPO) and elastase. PFOS significantly inhibited MPO and elastase release from fMLP-activated human PMNs at 10 and 1 µM, respectively. In
addition, this perfluorinated compound alone (up to 100 µM) did not induced
PMN degranulation but provoked a concentration-dependent release of malondialdehyde, a marker of oxidative stress. PFOS levels greater than 10 µM were citotoxic as estimated by the Tripan blue exclusion test and the release of lactate dehydrogenase into supernatants. In summary, these results suggest that PFOS
compromises host defense mechanisms by altering PMN degranulation and oxidative stress status.
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PERFLUOROOCTANE SULFONATE INCREASES THE
ANGLE OF CILIARY MOVEMENT OF TRACHEAL CELLS
IN MICE

E. Matsubara1, M. Kinboshi1, T. Nakahari2 and A. Koizumi1. 1Department of
Health and Environmental Sciences, Kyoto University, Kyoto, Japan and 2Department
of Physiology, Osaka Medical College, Takatsuki, Japan.
Perfluorooctane sulfonate (PFOS) extends backward swimming after K shock in
Paramecium. Thus it is considered that PFOS may effects on the activity of calcium
channels in Paramecium. Since mammalian cells have also cilia, we wondered
whether PFOS may have effects on ciliary movement of the mammalian cell. To answer this question, we used the mice tracheal cells to observe cilialy movement. For
this purpose, we measured the ciliary beat frequencies and beat angles. Mice were
anaesthetized by an intraperitoneal injection of Nembutal (60-70 mg (kg body
weight)-1). They were then heparinaized, and lungs and trachea were irrigated by
transcardial perfusion with Ca-free buffer to remove blood. The lungs, trachea and
heart were removed from the mice, and then tracheal cells were isolated from the
lungs by elastase. Ciliary beat frequency was directly measured from video frame
images using video-enhanced contrast optical microscopy. PFOS didn’t increase the
cilialy beat frequency: 9.0 Hz±2.2 at 1 µM, 9.3 Hz±0.7 at 10 µM and 10.0Hz±0.4
at 100 µM. But the angles were wider at 5 minutes after treatment in a dose-dependent manner in comparison with those before treatment: 0% at 1 µM, 50% increase at 10 µM and 50% increase at 100 µM . After wash out of PFOS, the angle
almost returned to the pretreatment levels. The present observations suggest that
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PFOS increased ciliary movement angles of tracheal cells in a dose dependence
manner, implying that PFOS has similar effects on mammalian cells as well as
Paramecium through Ca-channel.
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CENTRALLY ADMINISTERED PERFLUOROOCTANE
SULFONATE (PFOS) DECREASES FOOD INTAKE IN
MICE

A. Asakawa, E. Matsubara, M. Kinboshi, K. Harada, K. Inoue and A. Koizumi.
Department of Health and Environmental Sciences, Kyoto University, Kyoto, Japan.
Perfluorooctane sulfonate (PFOS), a persistent and bioaccumulative acid, is ubiquitously found in the environment, and has been detected in blood samples of both
wildlife and humans. However, very little is known about the effects of PFOS on
the central nervous system. We investigated the effects of central administration of
PFOS on food intake in mice. Perfluorooctane sulfonate (0.03, 0.1, 0.3 mg/kg) was
administered intracerebroventricularly into fasted male mice (n = 7 in each group)
of the ddy strain. Before feeding experiments, mice were deprived of food for 24
hours with free access to water. Food intake was measured at 20 minutes, 1 hour, 2
hours, 4 hours, 12 hours and 24 hours after administration. Intracerebroventricular
administration of PFOS significantly decreased food intake in a dose-related manner compared with the artificial cerebrospinal fluid treated control. A significant
decrease was observed 20 minutes after administration and continued for 24 hours.
These findings indicate that PFOS has an anorexigenic activity in the brain.
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STRUCTURE ACTIVITY RELATIONSHIP OF EFFECTS
OF PERFLUORINATED AMPHIPHILES ON BACKWARD
SWIMMING IN PARAMECIUM CAUDATUM

E. Matsubara, K. Harada, K. Inoue and A. Koizumi. Department of Health and
Environmental Sciences, Kyoto University, Kyoto, Japan.
Perfluorooctane sulfonate (PFOS) and perfluorooctanoate (PFOA) are amphiphiles
found ubiquitously in the environment. The toxicological trend of fluorochemicals,
however, remains unknown. We investigated the effects of fluorochemicals on calcium currents in Paramecium caudatum using its ciliary reversal and behavioral
change.
Negative charged amphiphiles prolonged backward swimming (BWS) of
Paramecium. PFOS significantly prolonged BWS at 10 mM and PFOA had less
potency. Prolongation of BWS was blocked by cadmium, indicating that calcium
conductance of cells was modified by charged amphiphiles. In contrast, positive
amphiphiles shortened BWS. Nonionic amphiphile did not affect BWS. Longer
chain perfluorinated carboxylates had more potency than PFOA. However, 1,8perfluorooctane dioic acid, 1,10-perfluorodecane dioic acid did not prolong BWS
suggesting that effect on BWS require hydrophobic tail. Relationship between critical micelle concentrations and prolongation of BWS in negative charged amphiphiles showed clear correlation (r2=0.8008, p<0.001).
Several perfluorochemicals as well as PFOS and PFOA have similar effects on the
activity of calcium currents in Paramecium. Chain length, CMC and electric
charges are major determinants for BWS duration. These findings are indicative
that charged perfluorochemicals may have mode of action, more or less, in common, and should be assessed comprehensively.
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ASSESSMENT OF THE INTAKE OF METHYL MERCURY
THROUGH DIETS AMONG GENERAL POPULATION IN
JAPAN

Y. Wada1, 3, A. Koizumi2, 3, K. Inoue2, 3, K. Harada2, 3, S. Inoue2, 3, S. Fujii3, N.
Hachiya4, 3, I. Hirosawa3, S. Koda3, Y. Kusaka3, K. Murata3, H. Nakatsuka3,
K. Omae3, N. Saito3, S. Shimbo3, K. Takenaka3, T. Takeshita3, H. Todoriki3,
T. Watanabe3 and M. Ikeda3. 1Environmental and Preventive Medicine, Hyogo
College of Medicine, Nishinomiya, Japan, 2Kyoto University Graduate School of
Medicine, Kyoto, Japan, 3Sample Banking Project for POPs Monitoring, Kyoto, Japan
and 4National Institute for Minamata Disease, Minamata, Japan.
The daily intake of methyl mercury (MeHg) through food were accessed in eight
regions in Japan. Ten sets of daily fixed food sample (ready-to-eat meals) were collected from local markets of each region in 2004. Samples of three meals were
blended, and dissolved. MeHg was extracted and measured by atomic absorption
spectrophotometry. Average of the daily intake of MeHg was 4.40 µg/day (range:
0.25-38.1). 21 samples out of 80 exceeded EPA reference dose of 0.1 µg/kg/day
(when body weight was assumed 50 kg). We categorized foods into five groups:
(1)cereals, (2)plant foods, (3)livestock products, (4)fish and shellfish, and (5)others,
and the average amount of intake (g/day) was 589, 229, 215, 53, 1084, respectively
(total: 2171). Amount of (4)fish and shellfish was the strongest predictor valuable
for MeHg intake, and (2)plant foods was also weak predictor (MeHg = -0.477 +
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0.057*(4) + 0.008*(2); R2=0.42). Regional difference of MeHg the daily intake was
observed (p < 0.01). We also measured MeHg in blood in seven regions (n=10*7).
Geometric mean was 8.12 ppb (range: 2.54-40.1). Blood concentration of regions
had tendency to correlate with the daily intake of MeHg through diets (R2=0.50,
p=0.073). Regional eating habits seem to influence MeHg exposure to people.
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OCTANOL-WATER PARTITION COEFFICIENTS CAN
PREDICT THE PARTITION OF POPS FROM SERUM TO
BREAST MILK
K. Inoue1, K. Harada1, K. Takenaka2, M. Kono3, T. Shimizu4, S. Uehara5, T.
Takasuga6 and A. Koizumi1. 1Health and Environmental Sciences, Kyoto University,
Kyoto, Japan, 2Takayama Red Cross Hospital, Takayama, Japan, 3Kono Hospital,
Hokkaido, Japan, 4Shimizu Hospital, Hyogo, Japan, 5Tohoku Kosai Hospital,
Sendai, Japan and 6R & D, Shimadzu Techno-Research, Inc., Kyoto, Japan.
PBDEs have been found ubiquitously in most environments, including aquatic and
terrestrial ecosystems. Human exposure has been much less studied. Time trend
studies of PBDEs have been performed by a few authors using different matrices,
i.e., breast milk in Sweden (Meironyte’ et al., 1999) and serum in Norway
(Thomsen et al., 2002). Concentrations of PBDEs in breast milk study had culminated at the beginning of 1990 and decreased in the latter part of the 1990’s, while
concentrations of PBDEs in serum has been still increasing (Sjodin et al., 2003).
Thus, it remains unknown whether these data demonstrated different trends by
countries or different kinetics. This ambiguity can be solved by measuring the concentrations of PBDEs in breast milk and serum in the same person, simultaneously.
In the present study, we have measured the contaminations of 13 PBDE congeners
(IUPAC Nos. 15, 28, 47, 99, 100, 153, 154, 183, 196, 197, 206, 207 and 209)
and 15 PCB congeners (IUPAC Nos. 74, 99, 118, 146, 153, 164/163, 138, 156,
182/187, 180, 170, 199, 194, 206 and 209) in the serum and breast milk collected
simultaneously form the 89 nursing women in four areas of Japan. 89 participants,
whose mean age is 30.1 +- 4.6 years old, average number of delivery is 1.45 +- 0.6
times, are 14.4 +- 23.1 nursing weeks. The ratio of concentration of each congener
in breast milk over that in serum was found to be proportional to log Kow (r=-0.93,
p<0.0009 in PBDE and r=-0.95, p<0.0001 in PCB). Congeners of PBDEs and
PCBs with small log Kows partitioned more preferentially into breast milk from
serum than those with large ones. The present study suggests that concentrations of
PBDEs and PCBs in serum can be safely used to predict concentrations in breast
milk by log Kows.
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IDENTIFICATION OF CHEMICALS RELEASED BY
PLAYGROUND SURFACES MADE OF RECYCLED TIRES
C. Vidair1, M. Petreas2, J. Garcha2 and R. Schlag1. 1Office of Environmental
Health Hazard Assessment, California Environmental Protection Agency, Oakland,
CA and 2Department of Toxic Substances Control, California Environmental
Protection Agency, Berkeley, CA. Sponsor: R. Howd.
Recycled tire rubber is seeing increasing use in the construction of safety surfacing
for playgrounds. This includes pour-in-place surfaces where shredded tires are
mixed with a binder and allowed to harden into a unitary surface, and loose-fill surfaces made of shredded tires that are raked into place. Exposure assessment for a
one-time ingestion of tire-derived rubber shreds by a child was performed by incubating tire shreds from three different tire recyclers for 21 hours at 37C in a solution that simulated the gastric environment, followed by quantitation of metals and
semi-volatile organic compounds (sVOCs) that leached into the solution. Exposure
assessment for the chronic exposure of a child to tire-derived unitary surfaces via
hand-to-mouth behavior was performed by wipe sampling a total of three “in-use”
playground surfaces and analyzing the wipes for metals, sVOCs, and polynuclear
aromatic hydrocarbons (PAHs). A total of 22 chemicals were identified as leaching
from the tire shreds into the gastric digestion solution, including 13 metals and 9
sVOCs. Zinc was the metal leaching at the highest levels (up to 130 ug/g of tire
rubber) and aniline was the highest leaching sVOC (up to 33.5 ug/g of tire rubber).
Low levels of a single metal (zinc) and five PAHs (benzo [b] fluoranthene, chrysene,
fluoranthene, phenanthrene, pyrene) were detected by wipe sampling of the “inuse” unitary surfaces. A preliminary risk assessment was performed for both acute
(via ingestion) and chronic (via hand-to-mouth activity) exposures by comparing
these measured levels to published toxicity screening values. No health effects are
expected from the metals or sVOCs. Risk assessment for the PAHs is in progress.
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CHILD-SPECIFIC REFERENCE VALUES TO ASSESS
HEALTH RISK AT CALIFORNIA SCHOOL SITES
D. Chan, S. Knadle, S. Camacho and D. Siegel. Cal/EPA, OEHHA,
Sacramento, CA.
The Integrated Risk Assessment Branch (IRAB), Office of Environmental Health
Hazard Assessment (OEHHA), was mandated by California Health and Safety
Code 901(g) to identify chemical contaminants of concern and develop child-spe-

cific health criteria to facilitate school site risk assessment. These chemicals either
have been found at school sites, or are likely to be found because of their environmental persistence; and have been implicated to affect children at lower doses than
they do adults. Disagreement about the ability of the current intraspecies safety factor to protect children, or whether an additional 10-fold safety factor should be
added to create a child-specific health criterion, propelled OEHHA to research the
peer-reviewed literature for chemical-specific experimental studies on young animals, or epidemiological studies on exposure of children, to determine if a chemical
can be more (or less) toxic to children than adults. OEHHA’s investigation has revealed that 1)children’s sensitivity is chemical specific due to pharmacokinetic or
pharmacodynamic differences during “critical developmental windows” of immature organ systems, 2)peer-reviewed experimental studies in young animals are frequently the only source of data on toxicity to cells in organs that are undergoing
maturation, 3)adverse effects on organ function may have no visible histopathology
and may not appear until later in life, and 4)effects on developing organs may be irreversible but those on adults may be reversible. OEHHA used appropriate dose-response data and/or mechanism-based modifying factors to propose child-specific
reference doses (chRDs) for cadmium, chlordane, endosulfan, heptachlor, heptachlor epoxide, lead, manganese, methoxychlor, nickel, pentachlorophenol, and a
child-specific reference concentration for toluene (http://www.oehha.ca.gov/childrenshealth). OEHHA will add new chRDs for atrazine, deltamethrin, and DDT.
The critical effect, scientific rationale, and relationship to other existing health
guidance values for the new chRDs will be presented.
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SEARCH FOR PLASMA PROTEIN BIOMARKER FOR
AUTISM USING DIFFERENTIAL IN-GEL
ELECTROPHORESIS

H. V. Aposhian, R. A. Zakharyan, U. K. Chowdhury and M. D. Avram. Molecular
and Cellular Biology Department, University of Arizona, Tucson, AZ.
The CDC states the prevalence of the Autism Spectrum Disorder is as much as
1/166. The diagnosis of it is not a simple matter. No biomarker (a laboratory or
clinical test) exists. A biomarker would make the diagnosis quicker, cheaper, and
would reinforce the ADI-R and ADOS, which are the “gold standards” at present.
This project is seeking such a biomarker. Haptoglobin (Hp) is a plasma protein
synthesized in the liver. Its genetics and phenotypes are well understood. Using
Differential In-Gel Electrophoresis (DIGE) and immuno-nephelometric assays of
blood plasma, our preliminary evidence indicates that plasma haptoglobin levels are
lower in autistic children than in non-autistic. Autistic male children (n=12) had a
mean plasma Hp concentration of 29.5 ± 7.0 SE mg/dl while controls (n=5) had
the value of 91.8 ± 14.8 SE mg/dl (p=0.001). More male autistic children appear to
have the Hp 2-2 phenotypes than non-autistic males, 75% versus 40%. Hp 2-2 affects Fe status in healthy males but not females (Langloes et al. 2003). Others have
suggested that iron metabolism in autistic children is disturbed.
Urinary concentrations of metals and metalloids also have been determined by
ICP-MS. Autistic children (n=10) excrete significantly less arsenic, mercury, and
cobalt in their urine as compared to non-autistic children (n=8). The use of DIGE
to study plasma proteins of autistic children is yielding new information about this
serious disorder of young children.
Supported in part by The Wallace Research Foundation, The Autism Research
Institute, and CAN Foundation.
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LEAD EXPOSURE IN NEWBORN CHILDREN LIVING IN
A SMELTER COMMUNITY IN REGION LAGUNERA,
MEXICO

M. C. Hernandez-Serrano2, E. Zermeno-Gonzalez3, M. De la Rosa3, V. LujanGalvan4, A. Torres-Vega4, J. Garcia-Salcedo2, M. Rubio-Andrade1, M.
Guerrero-Almeida1 and G. G. Garcia-Vargas1. 1Facultad de Medicina,
Investigacion, Universidad Juarez del Estado de Durango, Gómez Palacio, Durango,
Mexico, 2Facultad de Medicina, UAC, Torreon, Coahuila, Mexico, 3ISSSTE,
Torreon, Coahuila, Mexico and 4Programa Metales, SSA, Torreon, Coahuila, Mexico.
Metal contamination in soil, dust and air around a smelter site has resulted in increased lead body burden in scholar children living in the vicinity of the major
smelter complex of Latin America, located in Torreón, Coahuila, northern Mexico.
Children with lead in blood concentrations (PbB) over 10 µg/dL (value considered
as indicative of lead poisoning) are at risk of suffering adverse effects of lead. The
aim of this study was to assess the body burden of lead in newborn children
(NBCh) residing in the same city. We recruited 935 NBCh from the Social Security
Institute for State Employees, the study started in April 2002 and ended in June
2004; gender composition was 468 females and 467 males. The overall mean
(±SD) was 2.54 µg/dL ± 3.05, the overall median (minimum-maximum) were 2.1
µg/dL (0.5 – 46.6). There were no differences between both genders. The distribution of PbB concentrations was as follows: 855 (91.4 %) of NBCh had PbB values
< 5.0 µg/dL, 80 (8.6 %) of NBCh had PbB values  5.0 µg/dL, 14 (1.5 %) of

NBCh had PbB values  10.0 µg/dL (PbB concentration considered as unsafe). In
the last group, 8 (0.85 %) of NBCh had PbB values  10.0 µg/dL < 15.0 µg/dL.
Only 6 (0.04%) of NBCh had PbB values  15.0 µg/dL. In this group of children,
1.5 % of children can be considered in risk of adverse effects, according to CDC
criteria. However, 8.6 % of NBCh are over the PbB concentrations (> 5.0 µg/dL)
recently reported as hazardous for neuropsychological effects. There were three
cases with extreme high PbB concentrations (32.8, 43.3 and 46.6 µg/dL), which
were associated with lead glazed pottery “pica” in their mothers.
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CHEMICAL-DEPENDENT VARIABILITY IN EARLY LIFE
SENSITIVITY TO CARCINOGENS

M. S. Sandy, C. D. Sherman, R. S. Tomar and L. Zeise. Office of Environmental
Health Hazard Assessment, Oakland, CA.
Differential carcinogenic risk resulting from exposure early-in-life, as compared to
exposure in adulthood, has been demonstrated for a number of chemical carcinogens. In some cases early life exposures result in greater tumor response compared
to adult exposures; in other cases a lower or an equivalent tumor response is observed. Age-sensitivity factor distributions, which relate the sensitivity to cancer induction in an early-life window (prenatal, postnatal, or juvenile) relative to adults,
were derived from each of 75 datasets extracted from published animal cancer studies. Each dataset included multiple groups of animals exposed to a chemical carcinogen during distinctly different life stages. The “prenatal” window is defined as
implantation to birth, the “postnatal” window is defined as birth to weaning, the
“juvenile” window is defined as weaning to sexual maturity (i.e., breeding age), and
the “adult” window is defined as sexual maturity to death. Age-sensitivity factor distributions were calculated for each study by applying dose-response models fit to
bioassay data coupled with Monte Carlo resampling methods. Here we assess the
chemical-dependent variability in the age-sensitivity factor within the prenatal,
postnatal, and juvenile windows.
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AGE RELATED DIFFERENCES IN SECONDARY
MALIGNANCIES IN CHILDREN: LESSONS LEARNED
FROM THE PEDIATRIC CLINICAL EXPERIENCE

D. Pyatt1, 2 and S. Hays1. 1Summit Toxicology, Lafayette, CO and 2MTEHS,
University of Colorado, Denver, CO.
Secondary malignancies occurring in pediatric oncology patients are rare, but unfortunate consequences of treatment with certain classes of cytotoxic therapy
(chemotherapy with or without concurrent radiation). The most common secondary neoplasms reported in children include acute myeloid leukemia (t-AML) and
various solid tumors such as breast and thyroid. In this review, the effect of age on a
child’s risk of developing a secondary malignancy was investigated using the pediatric oncology literature. The age dependency of treatment related malignancies in
children appears to vary considerably with the type of secondary neoplasm in question. The risk of developing AML following chemotherapy is not reliably correlated
to the age of the child. In contrast, secondary solid tumors such as breast and thyroid cancer are highly dependent on the age of the patient at time of diagnosis and
treatment. Multiple, independent investigations report that younger children exhibit an increased risk compared to older children or adults for developing secondary breast or thyroid cancer. Additionally, the choice of therapy and duration of
treatment also greatly influences both the type and the incidence rate of therapy related malignancies. t-AML risk is highly correlated with treatment with either alkylating agent therapy or drugs thought to act via inhibition of topoisomerase II,
while solid tumors are more strongly associated with therapeutic radiation exposure. Predictably, the induction of all types of secondary malignancies in children
follows a rational dose response relationship, with increasing doses or longer treatment duration resulting in increased risk. The available scientific and medical evidence illustrate that age related differences in the risk of developing therapy related
malignancies are highly dependent on the secondary malignancy in question. The
relevance of these findings for helping to understand age-dependent susceptibility
for developing cancer from exposure to environmental contaminants is discussed.
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ANALYSIS OF THE SPATIAL PROXIMITY OF
CHILDHOOD LEUKEMIA TO HIGH DENSITY ROADS
IN UTAH

S. LeFevre and W. Ball. Environmental Epidemiology Program, Utah Department of
Health, Salt Lake City, UT.
Childhood leukemia are the most common cancers affecting children. Animal and
occupational exposure studies implicate benzene. Children are exposed to benzene
in ambient indoor and outdoor air. Automotive combustion is a major contributor
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to outdoor ambient air concentrations of benzene. This study explores the spatial
association of children residing in four Utah urban counties who have developed
leukemia between 1973 and 2001.
Of 465 geocodeable cases of children diagnosed with leukemia in four urban counties; 372 were acute lymphocytic cases, 56 acute myeloid cases, 6 chronic myeloid
and the rest other acute forms. Cases were geocoded to the 2000 census blocks that
they lived at time of diagnosis. Census blocks were classified as close or distant
based on spatial proximity to major roads. Varying buffer proximity distances from
10 to 50 meters in 5-meter increments and from 50 to 200 meters in 25 meter increments were tested. Of the 28,279 census blocks evaluated, 50% were within 200
meters of a section of a major road. Census blocks within the proximity buffer distance for each increment to any section of a major road was considered close. The
remainder of the childhood population was considered distant.
The relative risk (RR) and 95% confidence limits (CL) of the cumulative childhood population living in close proximity versus children living distant to major
road networks were evaluated. The RR of childhood leukemia incidence was highest for census blocks within 10 meters of any section of a major road (RR = 1.22,
95% CL = 1.01-1.47, 171 of 465 cases, 6,836 of 28,279 census blocks) through 30
meters (RR = 1.20, 95% CL = >1.00-1.44, 183 of 465 cases, 7,662 of 28,279 census blocks). The RR for larger distances up to 200 meters were greater than 1.0 but
not significant.
These findings suggest an association between increased incidence of childhood
leukemia and living in close proximity to high-density traffic roadways. Additional
study of measures of childhood exposure to ambient air levels of benzene through
ambient air benzene monitoring and biomonitoring is needed.
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IMPLICATIONS OF CHILDHOOD ACUTE
LYMPHOCYTIC LEUKEMIA STUDIES FOR CHILDREN’S
HEALTH RISK ASSESSMENT

A. S. Kim. USEPA, Washington, DC. Sponsor: S. Barone.
Children are a susceptible subpopulation, and child-specific risk assessment approaches are critical in protecting children’s health against exposure to environmental toxicants. To understand the biological basis of disease processes and potential
role of environmental chemical exposures, both of which are critical for children’s
health risk assessment, studies on childhood disease are evaluated. Specifically, this
evaluation focuses on acute lymphocytic leukemia (ALL), the most common form
of childhood cancer representing ~25% of all cancer cases of children younger than
15 years in the U.S. For childhood ALL, a minimal two-step model requiring a prenatal initiating event and postnatal secondary event has been hypothesized. This
hypothesis is supported by the detection of ALL-associated chromosomal translocations/fusion genes both at birth and at ALL diagnosis; this detection indicates prenatal ALL initiation and recognizes preconceptional and prenatal periods as potentially critical windows of exposure. Risk factors reported to be associated with
childhood ALL are analyzed based on their linkage to the three potentially critical
exposure windows: preconceptional, prenatal, and postnatal. Additionally, use of
childhood ALL-associated fusion genes and gene polymorphisms, together or separately, as biomarkers of susceptibility is explored.
(Disclaimer: the views expressed in this manuscript are solely those of the author
and do not represent the policies and/or endorsement of the U.S. Environmental
Protection Agency)
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PHYSIOLOGICAL DAILY INHALATION RATES FOR FREELIVING INDIVIDUALS AGED 1 MONTH TO 96 YEARS

P. Brochu1, 2, J. Ducre-Robitaille1 and J. Brodeur2. 1Ministry of Sustainable
Development, Environment and Parks, Quebec Government, Quebec, QC, Canada
and 2Faculty of medicine, University of Montréal, Montréal, QC, Canada.
Reported disappearance rates of deuterium (2H2O) and heavy oxygen-18(H218O)
in urine or saliva, monitored by gas-isotope-ratio mass spectrometry for an aggregate period of over 30,000 days and notably completed with indirect calorimetry
and nutritional balance measurements, have been used to determine physiological
daily inhalation rates for 2567 individuals aged 3 weeks to 96 years. Rates in m3/kgday for healthy normal-weight individuals (n=1252) were higher by 6 to 21% compared to their overweight/obese counterparts (n=679). Rates for healthy normalweight males and females drop by about 66 to 75% within the course of a lifetime.
Infants and children between the age of 3 weeks to less than 7 years inhale 1.6 to
4.3 times more air (0.395 ± 0.048 to 0.739 ± 0.071 m3/kg-day, mean ± S.D.,
n=581) than adults aged 23 to 96 years (0.172 ± 0.037 to 0.247 ± 0.039 m3/kgday, n=388). The 99th percentile rate of 0.725 m3/kg-day based on measurements
for boys aged 2.6 to less than 6 months is recommended for air quality criteria and
standard calculation for non-carcinogenic compounds pertaining to individuals of
any age or gender (p ≥ 0.05 based on the Shapiro-Wilk test). It ensures that very
few newborns aged 1 month and younger, less than 1% of infants aged 2.6 to less
than 6 months and of course no older individuals up to 96 years of age inhale more
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toxic chemicals than the associated reference dose, when air concentration reaches
the resulting air quality criteria and standard values. This rate is also protective for
underweight, overweight, obese individuals and pregnant and lactating females
aged 11 to 55 years. As far as newborns are concerned, a rate of 0.956 m3/kg-day
based on the 99th percentile estimates is recommended for short-term criteria and
standard calculations for toxic chemicals that yield adverse effects over instantaneous to short-term duration.
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HEAVY METALS IN HUMAN COLOSTRAL BREAST
MILK AND MATERNAL SMOKING EFFECTS IN
ISTANBUL –TURKEY

H. Gul1, A. Onen2, G. Gungor1, A. Ozden3, S. Ozel4 and L. Ibrahimoglu5.
1
Department of Public Health, Istanbul Medical Faculty, Istanbul, Turkey, 2Turk
Henkel, Reseach&Development, Istanbul, Turkey, 3Institute of Child Health, Trace
Element Laboratory, Istanbul, Turkey, 4Department of Biostatistics, Istanbul Faculty
of Medicine, Istanbul, Turkey and 5Department of Obstetrics and Gynecology,
Istanbul Faculty of Medicine, Istanbul, Turkey.
Aim: During the early postnatal period the human being is most susceptible to
heavy metal toxicity. In this research, it was aimed to determine heavy metal levels
in human colostral breast milk of smoking and nonsmoking mothers.
Methods: Heavy metal contents were determined in early milk samples in 215
healthy mothers from Istanbul city who were not occupationally exposed. A questionnaire about area of residence, maternal nutrition, smoking habits, and dental
fillings etc. was filled out by the lactating mothers. 10 mL individual samples of
colostral breast milk were provided from mothers who delivered at Istanbul Medical
Faculty of Istanbul University, department of obstetric and gynecology, at second
days postpartum and analyzed with inductively coupled plasma mass spectrometry
( ICP-MS, Perkin Elmer, Norwalk CT). All statistical tests were performed by using
SPSS. The limit of statistical significance was set at p<0.05.
Results:The ages of women who participated in the study ranged from 17-45
(mean 28.84±5.88). Mean birth weight for newborn of smoking mothers was
2771.17±800.41 g. and 2844.74±96.66 g. of nonsmoking mothers. There was a
statistically meaningful difference between the heavy metal levels of smoking and
nonsmoking mothers (p>0.05). Conclusion: For the heavy metals the results obtained in our work are similar to those reported for other countries. The present results indicate that heavy metal concentrations in human colostral breast milk is associated with environmental exposure like smoking.
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THE EFFECTS OF INHALATION EXPOSURE OF DI-2ETHYLHEXYLPHATHALATE (DEHP) ON THE ONSET
OF PUBERTY AND POSTPUBERTAL REPRODUCTIVE
FUNCTIONS IN PREPUBERTAL FEMALE RATS

M. Ma, T. Kondo, T. Umemura, N. Kurahashi and R. Kishi. Department of
Public Health, HokkaidoUniversity School of Medicine, Sapporo, Japan. Sponsor:
W. Zheng.
Di (2-ethylhexyl) phthalate (DEHP) is used as a plasticizer for polyvinyl chloride
(PVC). Studies have shown that DEHP can cause female reproductive toxicity in
rats. Limited data in human population suggest an association between phthalates
exposure and abnormal reproductive development. DEHP toxicities upon oral exposure have been extensively studied, yet less is known on its toxicity after inhalation. The object of the study was to investigate the effects of inhalation exposure to
DEHP on the onset of puberty and postpubertal reproductive functions in prepubertal female rats. DEHP was administered by inhalation at doses of 0, 5, and 25
mg/m3 to groups of female rats (n=10) for 6hr/day, 5 days/week from postnatal day
22 until day 84. Throughout the study period, the body weights at vaginal opening
(VO) and first estrous cycle were recorded. Vaginal smears were conducted daily in
rats aged from 7 to 12 weeks. The rats were sacrificed in diestrous phase after exposure was over. The mRNA levels of steroidogenic biosynthesis enzyme in the ovary,
steroidogenic acute regulatory protein (StAR), P450 cholesterol side-chain-cleavage
enzyme (P450scc), 3b-hydroxysteroid dehydrogenase (3b-HSD), cytochrome P450
17a-hydroxylase/17, 20 lyase (CYP17), as wellas Aromatase (CYP19) were quantified by RT-PCR. FSH, LH, estradiol and prolactin levels in serum were determined
with EIA kit. In the female pubertal onset assay, the ages of VO and first estrous
cycle were significantly advanced and the body weights of VO and first estrous cycle
were significantly decreased following inhalation exposure to DEHP in prepubertal
female rats as compared to controls. Irregular estrous cycles were significantly more
evident in 25 mg/m3 DEHP group than in controls. The mRNA expression of
Aromatase, a rate-limiting enzyme to change testosterone into estradiol, was elevated by DEHP treatment.These data suggest that exposure to DEHP via inhalation may cause alterations in reproductive functions.
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EFFECT OF PHENOBARBITAL ON SERUM
TESTOSTERONE CONCENTRATION IN JUVENILE RATS
R. Itamura, Y. Asaoka, M. Horimoto and I. Horii. Worldwide Safety Sciences,
Pfizer Global Research & Development, Nagoya Laboratories, Pfizer Inc., Aichi,
Japan. Sponsor: M. Kurata.
Phenobarbital (PB), a sedative and anti-convulsant has been used for the treatment
of epilepsy in humans. Various authors have demonstrated that hepatic microsomal
enzymes are induced by treatment with PB. It has been reported that dosing of PB
in rats during the first 7 days of life results in subnormal levels of serum testosterone
(TS) concentrations from around birth to before puberty, and also above normal
levels of TS after puberty and in adulthood. In addition, prenatal treatment of PB
permanently increased liver weight and decreased seminal vesicle weight in exposed
rats. The purpose of the present study was to determine the effect of PB on serum
TS concentrations and hepatic microsomal enzymes when PB was administered to
juvenile rats. Male Sprague-Dawley rats (6-20/group) were intraperitoneally administered 80 mg/kg PB from postnatal day (PND) 12, 26 or 54 for 4 consecutive
days. On the day after the last dosing, blood and liver samples were collected from
all surviving rats. Serum TS concentrations were determined using ELISA.
Testosterone hydroxylase activities were also measured after extracting microsome
from the livers of the male rats.
For the non-treated rats, both tested testosterone hydroxylase activities and serum
TS concentrations increased with aging. For the PB-treated rats, significant increases in testosterone 6 beta- (T6B), 16 alpha- (T16A) and 16 beta- (T16B) hydroxylase activities were observed in all age groups when compared to the nontreated rats. The serum TS concentrations in the PND 12 male rats decreased with
PB treatment compared to the non-treated rats. For the PND 26 rats, there was no
significant difference in TS concentration between the PB-treated and non-treated
groups. For the PND 54 rats, TS concentrations increased in the PB-treated group.
These results suggest that the administration of PB to developing rats can cause hepatic CYP enzyme induction and age-associated alteration in the impact on serum
TS concentrations.
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THE EFFECT OF ENVIRONMENTAL TOBACCO SMOKE
ON LYMPHOCYTE INFILTRATION IN THE LUNG
A. Ross and J. Peake. Center for Health & the Environment, University of
California, Davis, Davis, CA. Sponsor: K. Pinkerton.
The prevalence of asthma and other respiratory diseases amongst children is increasing. Mechanisms that contribute to this rise need to be investigated. Many
children are raised in homes where they are exposed to tobacco smoke. Some effects
of tobacco smoke exposure on the unborn child in mothers who actively smokes
during pregnancy are known, but not all. The literature is more limited regarding
the effects on pre-and perinatal development of the fetal lungs if the mothers are exposed passively to smoke. Utilizing a state-of-the-art smoke exposure chamber and
a biologically relevant animal model, the rhesus macaque, the effect of environmental tobacco smoke (ETS) exposure on lung immunological development and
maturation was investigated. To establish critical windows of exposure to ETS during the perinatal period, 3 experimental groups were assigned to cover unique windows of development. Rhesus macaque monkeys were housed at the California
National Primate Center (CNPRC)with 5 monkeys in each group. Five dam/infant
pairs were exposed daily to filtered air, serving as controls. A second group examined in utero exposure and postnatal exposure to ETS from gestation day 40 to
necropsy at 13 months. The third group examined the effects of postnatal exposure
from 6 months postnatal age until necropsy at the age of 13 months. Exposure to
ETS was 6 h/day, 5 d/week to a total suspended particulate concentrations of
1.0mg/m3. Exposure to ETS increased mucosubstance containing cells in the airways, and significantly reduced the volume of airway epithelium as compared to the
filtered controls. A significant decrease was also noted for T and B lymphocytes
within the airways and submucosa of monkeys exposed to continuous ETS or from
6 months of age compared to the filtered controls. These observed changes of ETS
on perinatal lung development could have deleterious effects and have the potential
to significantly alter the normal immune function of the developing intrapulmonary airways of the neonatal lung.
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META-ANALYSIS ON CANCER SENSITIVITY DUE TO
AGE AT EXPOSURE TO DIRECT ACTING
ETHYLNITROSOUREA
R. S. Tomar, M. S. Sandy, C. D. Sherman and L. Zeise. OEHHA, California
EPA, Oakland, CA.
Data were compiled from published animal cancer bioassays for N-ethyl-N-nitrosourea (ENU) that utilized “early-in-life” exposures. In analyzing these data, individual and discrete exposure windows were defined, corresponding to four life
stages - prenatal, postnatal (pre-juvenile), juvenile, and adult. The data analyzed are
from multiple ENU studies in mice, comprising 67 distinct dose response data sets.
For each dose-response data set, a measure of carcinogenic potency was developed;
the measure included adjustments for study duration that are standard in risk as-

sessment. These potency measures enabled comparisons of carcinogenic responses
arising from exposures during different life stages. The calculated potencies indicate
that animals exposed prenatally and postnatally (but pre-juvenile) are more sensitive than those exposed as juveniles. Within age window the potencies were statistically combined and the results used to derive age sensitivity factors, indicating differences in sensitivity due to age at exposure. Age sensitivity factors are used as
quantitative measures of differences in sensitivity, for example, for prenatal vs. juvenile exposures and postnatal vs. juvenile exposures. The results will be discussed in
terms of age differences in cell proliferation, DNA adduct formation and mutation,
and DNA repair for this direct acting carcinogen.
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OXIDANT RESPONSES IN LPS-INDUCED PRETERM
BIRTH IN MICE
C. V. Smith, K. M. Heyob, F. A. Jenniskens, S. E. Welty and L. K. Rogers.
Pediatrics, Columbus Children’s Research Institute, Columbus, OH.
Subclinical maternal infections are major causes of preterm birth, and prematurity
is the leading cause of morbidity and mortality in neonates. We tested the hypothesis that oxidant stress responses, as evidenced by liver or lung levels of GSSG, contribute to LPS-induced fetal demise and preterm delivery in mice. C57BL/6, glutathione reductase (GR)-deficient Neu, control C3H/HeN, and TLR-4 mutant
C3H/HeJ mice were injected i.p. with purified LPS (E. coli 0111:B4; 10
µg/mouse) or sterile saline on day 16 of pregnancy (E16). Animals were followed to
parturition or were sacrificed 2 or 6 h after injection. Livers and lungs were taken
from the dams and livers from the pups. Data are means±SEM and were assessed by
2-way ANOVA, with differences at p<0.05. Through 6 h, all dams appeared normal. No differences in lung GSH or GSSG levels were observed in dams. In
C57BL/6 dams, hepatic GSH levels were lower 2 and 6 h after LPS than after
saline, but no changes were observed in hepatic GSSG levels. Fetal hepatic GSSG
levels 6 h after LPS (20.7±8.8 nmol/g liver) were higher than 2 or 6 h after saline
(7.5±2.6 and 10.0±8.2) and 2 h after LPS (7.3±2.9). Fetal hepatic GSH levels 6 h
after LPS (1.77±0.23 µmol/g) were lower than in either saline-treated group
(2.13±0.64) or 2 h after LPS (2.33±0.28). Times to delivery were not different between LPS-treated GR1a1Neu and C3H/HeN mice, and C3H/HeJ dams carried
to term with delivery of live pups. Two h after LPS, livers of Neu dams had higher
GSSG levels (97.8±10.4 nmol/g) than 6 h after LPS and in the C3H/HeN controls
(58.6±7.8 and 49.7±8.5 nmol/g). Fetal liver GSSG levels were higher in both Neu
and HeN mice 6 h after LPS treatment (80.9±4.9 and 54.5±3.4 nmol/g) than after
saline (35.2±4.9 and 20.5±3.5). The decreases in hepatic GSH levels in dams support a rationale for nutritional interventions. The increases in hepatic GSSG levels
in fetuses 6 h after LPS indicate oxidant responses that may contribute to fetal
death and preterm labor caused by LPS, but the mechanisms are not explained simply by processes regulated in direct response to GSSG levels.
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EVALUATION OF THE AGE-DEPENDENT
NEPHROTOXICITY OF GENTAMICIN USING GENE
EXPRESSION BIOMARKERS
B. A. Rosenzweig, K. Thompson, J. Hanig and P. Espandiari. DAPR, CDER,
USFDA, Silver Spring, MD.
Preclinical assays that reflect the differential sensitivity of pediatric populations to
drugs have potential use as screens for age-related adverse reactions. The age-dependent nephrotoxicity of gentamicin was modeled using different age groups of
Sprague Dawley rats that corresponded to children (25d), adolescents (40d), and
adults (80d). The groups received s.c. injections of 50 or 100 mg/kg gentamicin
daily for 6 or 14 days. The relative expression levels of genes known to be induced
by kidney damage were analyzed by qRT-PCR in RNA samples prepared from kidney tissue. The mRNA levels of KIM-1, lipocalin2, clusterin, and Tweak receptor
increased as a function of dose, time, and age. KIM-1 induction was observed prior
to the appearance of significant changes in kidney histopathology. The effect on expression level of different aquaporin family members was consistent with damage to
the renal proximal tubules. The use of expression biomarkers provided predictive
and confirmatory evidence of the increased sensitivity to gentamicin toxicity as a
function of age.
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CHARACTERIZATION OF A RODENT PEDIATRIC
NEPHROTOXICITY MODEL
P. Espandiari1, T. Miller1, J. Zhang1, A. Knapton1, P. Goering2, R. Brown2, V.
Vaidya3, A. Johnson3, J. Bonventre3, B. Rosenzweig1, K. Thompson1, P. Pine1,
L. Schnackenberg4, R. Beger4, E. Herman1, J. Weaver1 and J. Hanig1. 1CDER,
USFDA, Silver Spring, MD, 2CDRH, USFDA, Silver Spring, MD, 3Renal
Division, Harvard Medical School, Boston, MA and 4Division of Systems Toxicology,
NCTR, Jefferson, AR.
The search for early biomarkers of pediatric drug toxicity should be initiated at each
major stage of growth because of the rapidity of developmental changes.
Gentamicin (a known clinical nephrotoxicant) was used as a tool to identify pediatric vs. adult nephrotoxicity biomarkers. Male Sprague-Dawley rats, 25, 40 and 80
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days old (as models of human toddlers, young & mature adults, respectively) were
dosed with 0, 50 & 100 mg/kg/day s.c. for 6 or 14 days. Urine samples were collected (for metabonomic analysis) at 0, 8, 24, 48 and 72 hrs after initial dosing &
blood & tissues at sacrifice (7 or 15 days)(for clin chem., histopathological and genomic analysis). Eighty day old rats given the highest dose showed diminished rate
of growth; increased serum creatinine (Cr) & BUN and decreased serum ALB,
ALP, total protein & amylase (Amy), as well as increased levels of urine kim-1 (a
biomarker of nephrotoxicity) after the 2nd dosing (48 hrs). In comparison, high
dose 40 day old rats, had increased levels of serum BUN and Cr whereas in 25 day
old rats, decreased levels of serum Amy was the only change found. The order of
age-dependent sensitivity to gentamicin nephrotoxicity was 80>40>25 days. The
magnitude of change in gene expression level of a set of nephrotoxicity biomarkers
correlated with the extent and severity of histopathology which was age & dose dependent. The levels of urinary bioindicators/biomarkers of nephrotoxicity & evaluation of metabonomic data (using principle component analysis) indicated a distinctly separate & unique pattern for each of the different age groups. These
findings indicate that multi-age animal models could be used as a means for predicting pediatric drug safety in preclinical studies.

126

POTENTIAL MODEST PROTECTIVE EFFECT OF
MIDAZOLAM ON KETAMINE-INDUCED APOPTOSIS
IN RAT FOREBRAIN CULTURE

N. Sadovova2, X. Zou1, A. Scallet1, T. Patterson1, J. Hanig3, M. Paule1, W.
Slikker1 and C. Wang1. 1Division of Neurotoxicology, NCTR/FDA, Jeferson, AR,
2
Toxicologic Pathology Associates, Jefferson, AR and 3CDER/FDA, Rockville, MD.
Previous data suggest that exposure of neonatal rats to various anesthetics, including NMDA antagonists and GABA agonists, triggers widespread apoptotic neurodegeneration during development. The purpose of this study was to determine: 1)
if treatment of forebrain cultures with NMDA antagonists, such as ketamine, or
GABA agonists, e.g. midazolam, results in a dose-related increase in neurotoxicity;
and 2) if combinations of NMDA antagonists and GABA agonists will promote or
prevent each other’s neurotoxic effects. Forebrain cultures were treated for 12 hrs
with 1, 5, 10 and 20 µM ketamine alone, 0.1, 1, 5 and 10 µM midazolam alone, or
ketamine plus midazolam at various doses. After washout of ketamine and midazolam, cultures were kept in serum-containing medium (in the presence of glutamate)
for 24 hrs. 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 (Terminal dUTP Nick-End Labeling Assay), and a reduction in mitochondrial metabolism of 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium
bromide dye (MTT, for cell survival). No significant apoptotic effect was observed
in midazolam- (0.1, 1, 5 and 10 µM) treated cultures. Co-incubation of midazolam
(1 or 5 µM) with ketamine (5 or 10 µM) mildly reduced ketamine-induced apoptosis. These results indicate that the higher concentrations of ketamine cause enhanced apoptosis in rat forebrain cultures. Co-administration of midazolam mildly
prevented this increase caused by ketamine, suggesting that concomitant activation
of the GABA system may serve to attenuate the neurotoxic effects of glutamatergic
overstimulation.
This work was supported by Interagency Agreement IAG 224-93-001 between the
U.S. Food and Drug Administration and the National Institute for Environmental
Health Sciences.
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CYTOTOXICITY AND MUTAGENICITY IN HUMAN
TK6 LYMPHOBLASTOID CELLS EXPOSED IN VITRO TO
METHYLPHENIDATE

M. M. Carter, V. E. Walker, C. L. McCash and D. M. Walker. Cancer, LRRI,
Albuquerque, NM.
Methylphenidate(Ritalin, MPH) is a psycho-stimulant widely used for the treatment of attention deficit/hyperactivity disorder (ADHD); however, a recent report
of cytogenetic effects in peripheral blood lymphocytes of children treated with
MPH for 3 months (El-Zein et al., Cancer Letters, in press) has raised concerns that
long-term exposure may pose a potential health risk. To investigate the mutagenic
effects of MPH in human cells in culture, a cloning assay was used to measure
cloning efficiencies (CEs) and mutant frequencies (MFs) in the hypoxanthine-guanine phosphoribosyltransferase (HPRT) and thymidine kinase (TK) genes in TK6
cells exposed to MPH with/without human hepatic S9. TK6 cells exposed to 500
MPH µg/ml + S9 (n=6) for 3 days impeded cell growth with <2 rounds of replication (compared with >3 in control cells) but was significantly mutagenic
(MF=8.65±2.12/million cells; control MF=5.39±1.91/million cells; p=0.01). In a
follow-up experiment, TK6 cells were exposed to 0, 250, or 500 µg MPH/ml,
with/without S9, for 4 days to acquire at least 3 rounds of cell replication for
treated cells. MPH treatments with or without S9 were cytotoxic relative to controls (CE in treated cells were 50-56% of control values). Dose-related increases in
HPRT MFs were found in cells exposed to MPH in the presence of hepatic S9, but
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not in its absence. Drug-induced MFs were significantly elevated in the 500 µg
MPH/ml + S9 group (n= 6, MF=13.86±7.12/million cells; p=0.007) but not the
250 µg MPH/ml + S9 group (n=5,MF=7.13±4.89/million cells) compared with
controls (n=7, MF=3.79±3.62/million cells). For both experiments, there was no
significant increase in TK MFs in any MPH treatment group, with/without S9.
These findings demonstrate that human hepatic enzymes have the capacity to convert MPH to a mutagenic metabolite(s) that can induce mutations in exposed lymphocytes. Further investigations of drugs used to treat children with ADHD are
needed to characterize the mode of action and potential risks of long-term exposure
to therapeutic agents such as MPH and d-amphetamine (Adderall) in children.
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HUMAN DIETARY ALKALOIDS INHIBIT HEDGEHOG
SIGNALING
R. J. Lipinski, E. K. Dengler, W. Heideman, R. E. Peterson and W. Bushman.
Molecular and Environmental Toxicology, University of Wisconsin-Madison,
Madison, WI.
The Hedgehog (Hh) signaling pathway plays an integral role in the patterning and
development of diverse structures in the vertebrate embryo and aberrations in Hh
signaling are associated with a range of developmental defects including cleft
lip/palate and cyclopia; collectively termed holoprosencephaly (HPE). Postnatally,
Hh signaling is postulated to play a pivotal role in healing and repair processes and
inappropriate pathway activation has been implicated in several types of cancers.
The Veratrum alkaloid cyclopamine is a potent inhibitor of Hh signaling and
causes HPE-related defects in diverse species. Here we show that structurally related
alkaloids in the human diet also inhibit Hh signaling. We determined the relative
potency and maximum efficacy of cyclopamine, tomatidine (from tomatoes) and
solandine (from potatoes) in inhibiting Hh target gene induction in Hh-ligand responsive mouse embryo fibroblasts (MEFs). We found that cyclopamine was 40
times more potent than tomatidine and 120 times more potent than solanidine and
that each was capable of complete inhibition of Hh signaling. We then set out to establish an in vivo assay capable of detecting varying potencies of Hh signaling inhibition. Consistent with previous reports, we found that zebrafish embryos exposed
to graded concentrations of waterborne cyclopamine displayed classic endpoints of
Hh inhibition including U-shaped somites, lack of the horizontal myoseptum, and
reduced interocular distance; the severity of each defect increased in a cyclopamine
concentration-dependent manner. These results support use of the zebrafish embryo as a potentially useful model for identifying other compounds with a wide
range of potencies for inhibiting Hh signaling. Thus, we determined that certain
human dietary alkaloids inhibit Hh signaling in vitro and have established a zebrafish embryo model for assaying correlative in vivo effects. The identification of
dietary compounds that abrogate Hh signaling may have substantial implications
in a wide range of human health issues related to Hh signaling.
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DEVELOPMENTAL TOXICITY OF PENTAERYTHRITOL
ESTERS APPLIED DERMALLY IN RATS
W. Dalbey1 and M. Feuston2. 1ExxonMobil Biomedical Sciences, Inc., Paulsboro, NJ
and 2Sanofi-Aventis, Malvern, PA.
Esters of pentaerythritol (PE, or 1,1,1-tris(hydroxy-methyl)ethanol) and dipentaerythritol (DPE) are used as synthetic base oils in a variety of lubricants. Because
of potential dermal exposure of people to these products, a developmental toxicity
screening study was performed with a mixture of long-chain esters of PE and DPE
(viscosity ~5 cSt at 100°C). The esters were administered on gestation days 0-19 to
the uncovered skin of presumed-pregnant rats (15/group) at doses of 0, 800, and
2,000 mg/kg. Dams were sacrificed on GD 20. Maternal parameters of food consumption, body weight gain, and clinical signs were unaffected except for slight erythema and flaking of the skin during treatment. Clinical chemistry was unaffected
in dams at sacrifice. No adverse effects were observed at cesarean section on reproductive parameters (number of implants, resorptions, or viable fetuses) or on fetal
parameters (body weight or crown-rump length). Levocardia was noted in 3.2 and
10.1% of 800 and 2,000 mg/kg groups, respectively, but was considered to be an
artifact of the methods for fixation and examination of the fetuses. Otherwise, no
significant adverse effects were noted in fetuses during external, skeletal, or visceral
examinations. The NOAEL for both maternal and fetal toxicity was 2,000
mg/kg/day.
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TERATOLOGY STUDY OF DIBUTYLTIN IN
CYNOMOLGUS MONKEYS GIVEN DURING
ORGANOGENESIS
M. Ema1, K. Fukunishi2, M. Matsumoto1, A. Hirose1, E. Kamata1, A. Arima2
and T. Ihara2. 1Risk Assessment, National Institute of Health Sciences, Tokyo, Japan
and 2Shin Nippon Biomedical Laboratories, LTD., Kagoshima, Japan.
We previously reported that dibutyltin dichloride (DBTCl) during organogenesis
caused increased incidence of fetal malformations in rats. The present study was
conducted to determine the teratogenic potential of DBTCl given to pregnant

monkeys during the whole period of organogenesis. Cynomolgus monkeys were
given DBTCl by nasogastric intubation at 0, 2.5 or 3.8 mg/kg bw/day on days 2050 of pregnancy. The pregnancy outcome was determined on day 100 of pregnancy. A significant increase was observed in the incidence of pregnant females with
soft stool and/or diarrhea and with yellowish stool in the DBTCl-treated groups.
Maternal body weight gain at 3.8 mg/kg bw/day and food consumption at 2.5 and
3.8 mg/kg bw/day were decreased during the administration period. Survival rate of
fetuses at terminal cesarean section was decreased in the DBTCl-treated groups.
There was no change in developmental parameters of surviving fetuses, such as fetal
body weight, crown-rump length, tail length, sex ratio, anogenital distance or placental weight of the DBTCl-treated groups. No external, internal or skeletal malformations were detected in fetuses of any groups. Although internal and skeletal
variations were found in fetuses, no difference in the incidence of fetuses with variation was noted between the control and DBTCl-treated groups. No effect on
skeletal ossification was observed in fetuses of the DBTCl-treated groups. It is concluded that DBTCl is embryolethal, but not teratogenic, in cynomolgus monkeys.
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THE MINIPIG IN DEVELOPMENTAL TOXICITY
STUDIES

A. Makin, T. Kledal and A. Christensen. Toxicology and Pharmacology, Scantox
A/S, Lille Skensved, Denmark. Sponsor: R. Harling.
Traditionally, rats and rabbits are the species of choice for developmental toxicity
(embryofetal studies). Where one or both of these species is unsuitable the choice of
an alternative can be difficult. One alternative is the minipig, and the use of this
species as a non-rodent in developmental toxicity testing is increasing. Several studies have now been performed in minipigs, and there is an increasing amount of
background data for incidences of variations and malformations. At Scantox, we
have a database that comprises data from 61 Göttingen SPF minipig dams from 5
different studies and in all 254 fetuses. The fetuses are from primiparous mothers,
and were collected by caesarean section on between Gestation Day (GD) 109 and
111. Fetal evaluation was by external, visceral and skeletal examination. External
and visceral examinations were performed at necropsy. The head from half of the fetuses was fixed in bouins, sectioned and examined for abnormalities. All fetuses
were alizarin stained and skeletal examination was performed. These studies resulted in data on bodyweight gain, abortion rate, pregnancy rate, number of fetuses, sex, number of early and late resorptions, number of implantation sites, total
number of corpora lutea, number of dead or abnormal fetuses, uterine weight (including fetal and placental), preimplantation loss, postimplantation loss, fetal
weight, placenta weight, snout-rump length, external and skeletal abnormalities.
The data presented illustrates malformations normally occurring in the minipig, as
well as variations in the reproductive parameters used in developmental toxicity
studies. This database provides us with highly useful information and makes it
more feasible to judge possible teratogenic effects caused by a test article from background incidences of variations and malformations. Through these studies the
minipig has shown to be a highly valuable alternative non-rodent species for use in
developmental toxicity studies.
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DEVELOPMENTAL REPRODUCTION TOXICITY STUDY
OF ALEFACEPT

J. A. Lansita1, C. Tenhoor1, J. Rutkowski2, D. Hutto1, V. Palmer1, C. Graff1, I.
Osterburg3, A. Vu4 and J. Clarke1. 1Biogen Idec, Cambridge, MA, 2Preclinical
Pharmacology and Toxicology, Predix Pharmaceuticals, Lexington, MA, 3Covance
Laboratories, Muenster, Germany and 4Covance Laboratories, Chantilly, VA.
The intent of the developmental reproduction toxicity study was to evaluate the
maternal and fetal toxicity of alefacept when administered weekly via i.v. injection
to pregnant cynomolgus monkeys. Alefacept is a recombinant, fully human, LFA3/IgG1 fusion protein for the treatment of moderate to severe psoriasis. Maternal
animals were dosed weekly at 0 mg/kg, 1 mg/kg, and 20 mg/kg; animals delivered
infants to full-term and by cesarean section. Alefacept concentrations in amniotic
fluid and blood/serum samples were measured in maternal animals. Alefacept was
not detected at significant levels in maternal milk. Neonate development was unaffected by alefacept exposure. Infant exposure to alefacept in serum samples was dose
dependent at Day 28 p.p. and decreased to background levels by Day 84 p.p..
Examination of external and visceral changes and skeletal defects of infants delivered by cesarean section revealed no treatment related effects. No changes in
neonate peripheral blood lymphocyte counts or lymphocyte subsets were observed.
Immunohistochemical analyses of fetal lymphoid tissues from the cesarean section
groups revealed no treatment related changes for specific clusters of differentiation
markers. Infants delivered from full-term animals were observed for another 18 to
20 months before necropsy. No treatment related changes were observed at
necropsy. Infant cellular immune function by delayed type hypersensitivity testing

was normal at 12-14 months of age and the primary immune response to a T cell
dependent antigen, keyhole limpet hemocyanin, was normal at 6 and 18 months of
age. In conclusion, no maternal toxicity was observed. The administration of alefacept to pregnant monkeys had no effect on the incidence of prenatal loss or stillbirths. Study results from fetuses and infants showed no evidence of teratogenicity
or adverse effects on normal growth and development of the immune system from
exposure to alefacept.
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EVALUATION OF THE DEVELOPMENTAL TOXICITY
POTENTIAL OF LENALIDOMIDE IN RABBITS

M. Christian1, S. Teo2, O. Laskin2, V. Sharper3, D. Stirling2 and L. Latriano2.
1
Argus International, Horsham, PA, 2Celgene Corporation, Summit, NJ and 3Charles
River Laboratories Preclinical Services, Horsham, PA.
This study evaluated the developmental toxicity of lenalidomide, a thalidomide
analogue, indicated for the blood disorders myelodysplastic syndromes and multiple myeloma. In this study, 25 time-mated NZW rabbits/dose group were orally
gavaged with 0, 3, 10 or 20 mpk/day lenalidomide on GDs 7–19. Rabbits dosed
with 180 mpk thalidomide served as positive control. All rabbits were C-sectioned
on GD 29. Toxicokinetic results showed that rabbits had dose-related exposure to
lenalidomide. Lenalidomide at 10 and 20 mpk was maternally toxic causing significant reductions of body weight gain/weight loss and absolute/relative feed consumption for the entire treatment. The 20 mpk dose produced abortion of 1 litter.
Developmental toxicity at 10 and 20 mpk consisted of dose-dependent increases in
post-implantation losses (primarily increases in late resorptions) and significantly
reduced fetal body weights. At 20 mpk there was a slight reduction in live litter size.
Increased litter incidences of fetuses with discolored skin (a pharmacotoxic effect
related to increased fetal hemoglobin) and increases in minor variations commonly
observed at maternally toxic doses (absence of the intermediate lung lobe, irregular
nasal-frontal suture and delayed ossification of the metacarpal bones) also occurred
at 10 and 20 mpk. All other external, soft tissue and skeletal alterations in the fetuses of does administered lenalidomide occurred at incidences within historical
ranges or were not dose-dependent. The thalidomide group had high incidences of
characteristic limb and other malformations and variations at a dose that was not
maternally toxic. In summary, lenalidomide at maternally toxic doses did not produce thalidomide-like limb malformations. Unlike thalidomide, lenalidomide affected embryo-fetal development only at maternally toxic doses. These effects included embryo-lethality and minor soft tissue and skeletal variations at 10 and 20
mpk doses. The maternal and developmental NOAEL of lenalidomide is 3 mpk.
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XMP.629, A NOVEL ANTIMICROBIAL
PEPTIDOMIMETIC FOR THE TREATMENT OF MILD
TO MODERATE ACNE VULGARIS: EVALUATION OF
POTENTIAL DEVELOPMENTAL EFFECTS OF XMP.629
IN SPRAGUE DAWLEY RATS AND NEW ZEALAND
WHITE RABBITS

C. Gasper1, B. Thorsrud2, R. Hawks1, J. Tibbitts1 and K. Meyer1. 1Preclinical
Research, XOMA (US) LLC, Berkeley, CA and 2Discovery and Development Services,
Charles River Laboratories, Spencerville, OH.
XOMA is developing XMP.629, a novel D-linked 9-amino acid peptide, as a topical antimicrobial agent to treat mild to moderate acne vulgaris. Developmental toxicity studies (Segment II) in pregnant rats and rabbits were performed to evaluate
the potential effects of XMP.629 acetate solution on maternal toxicity and fetal development. Both species received subcutaneous injections of XMP.629 at doses of
0.75, 2.5, and 7.5 mg/kg/day, rats during gestation day (GD) 6 through 17 and
rabbits during GD 6 through 18. Subcutaneous administration was selected to
maximize systemic exposure. XMP.629 was well tolerated in both species.
Observations were generally unremarkable and limited to local reaction to the test
article at the injection site(s). No statistically significant or toxicologically meaningful differences were observed in cesarean section parameters or fetal morphological
observations. Pharmacokinetic analyses of the highest dose level showed peak systemic exposure levels of XMP.629 (149 ng/ml in the rat; 255 ng/mL in the rabbit)
that were substantially higher then that seen in the Phase I clinical study where no
measurable serum concentration was observed. The results of these studies determined that a dosage level of 0.75 mg/kg/day in the rat and 2.5 mg/kg/day in the
rabbit was considered the no observed-adverse-effect-level (NOAEL) for maternal
toxicity due to findings of test article related localized effects at the injection site(s)
and that the dosage level of 7.5 mg/kg/day was considered to be the NOAEL for
developmental toxicity due to the lack of adverse litter effects on fetal growth and
development in both species. In conclusion, XMP.629 acetate solution was well tolerated by both rats and rabbits during the period of organogenesis.
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COMPARING IMMUNOTOXICITY IN RATS AFTER IN
UTERO VERSUS AN ADULT EXPOSURE: IS
DEVELOPMENTAL EXPOSURE MORE SENSITIVE?

K. Goff1, W. Williams2 and R. Smialowicz2. 1Toxicology, UNC Chapel Hill,
Chapel Hill, NC and 2ORD/NHEERL/ETD/ITB, USEPA, Research Triangle Park,
NC.
Using a known immunosuppresant, dexamethasone (DEX), pregnant Sprague
Dawley (SD) rats were given subcutaneous (s.c.) injections of DEX (0.0, 0.0375,
0.075, 0.15, 0.3 mg/kg) during gestation days 6 to 21. Both male and female offspring were tested for immune dysfunction. In a separate study, non pregnant adult
females and males were given s.c. injections of the same DEX doses for 16 days.
This study explored the hypothesis that exposure to immunotoxicants produces
long lasting immune suppression at or below levels seen in adults. Immune assays
were performed starting 5-6 weeks after treatment ended and thereafter every 2-3
months up to 9 months for both adults and offspring. Immune assays included the
delayed type hypersensitivity (DTH) response, which is mediated via T cells and
the anti -SRBC ELISA which quantitates IgM and IgG antibody production. The
DTH response in non - pregnant female adults was significantly suppressed up to 6
weeks after DEX treatment while the response in female offspring was significantly
suppressed up to 17 weeks after DEX treatment. Dams used in the in utero exposure to DEX were significantly suppressed up to 34 weeks after DEX treatment.
ED50 values for the DTH response were similar in female offspring and adults.
Male offspring and adults showed little or no significant immunosuppression. We
conclude that adult females and female offspring are more sensitive to long lasting
immune dysfunction after DEX treatment compared to males. (This abstract does
not reflect EPA policy and is supported, in part, by the American Chemistry
Council under CRADA 0215-02).
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COMPARISON OF BIRTH DEFECT REDUCTION DUE
TO NON-SPECIFIC IMMUNE STIMULATION WITH
IFN-GAMMA IN C57BL/6N AND CD-1
METHYLNITROSOUREA-EXPOSED MICE

C. Laudermilch1, S. D. Holladay1, D. P. Sponenberg1, G. K. Saunders1, D. L.
Ward1 and M. R. Prater2, 1. 1DBSP, Virginia-Maryland Regional College of
Veterinary Medicine, Blacksburg, VA and 2Biomedical Sciences, Edward VIA Virginia
College of Osteopathic Medicine, Blacksburg, VA.
Nonspecific maternal immune stimulation is known to ameliorate methylnitrosourea (MNU)-induced fetal distal limb and digital defects in outbred CD-1
mice. The present study compared an immunologically sensitive inbred strain of
mice, C57Bl/6N with CD-1 mice to determine the effects of maternal immunostimulation. Fetal digital and distal limb development as well as placental integrity
were examined to determine if the immune stimulant reduced defects or cellular
damage, respectively. Dams were given an intraperitoneal injection of the cytokine
interferon-gamma (IFN-γ) on gestation day 7 (GD7) to stimulate the maternal immune system, and then a teratogenic dose of MNU was administered intraperitoneally on GD9. Fetal limb lengths, digital deformities and placental histopathology from control and treatment groups were evaluated on GD14. IFN-γ protection
against MNU-induced fetal digital deformities was demonstrated as the incidence
of syndactyly, polydactyly, and webbing was reduced by 47%, 100%, and 63% respectively in C57 mice. CD-1 mice, in comparison, exhibited reduction of these
defects by 39, 71, and 20%, respectively. Administration of IFN-γ also significantly
diminished MNU-induced endothelial and trophoblast placental damage in both
strains of mice. These findings support a possible link between maternal immunity,
placental integrity, and fetal distal limb development. Further, these results suggest
that IFN-γ might act through placental improvement to indirectly protect against
MNU-induced fetal limb malformations.
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CHARACTERIZING THE ROLE OF MATERNAL
DIETARY ANTIOXIDANTS IN IMMUNE REGULATION
AND PLACENTAL AND DISTAL LIMB DEVELOPMENT
IN THE MOUSE MODEL

M. R. Prater1, 2, L. C. Pinn2, A. E. Flood2, C. L. Laudermilch2, A. E. Tanner2
and S. D. Holladay2. 1Virginia College of Osteopathic Medicine, Blacksburg, VA and
2
Virginia Tech, Blacksburg, VA.
Methylnitrosourea (MNU) is a multisystem teratogen that damages proliferating
cells through macromolecular alkylation and generation of reactive oxygen species
(ROS). Fetuses from murine dams exposed to MNU midgestation have distal limb
malformations, an outcome reduced by maternal immune stimulation with antioxidant therapy. This study examined fetoprotective effects in two strains of mice (immunotolerant CD-1 and immunosensitive C57BL/6N) of two maternal dietary antioxidants supplemented throughout gestation: butylated hydroxytoluene (BHT;
75 mg/kg) or low or high dose quercetin (QL or QH; 66 or 333 mg/kg) following
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intraperitoneal administration of MNU (20 mg/kg) on gestation day (GD9).
Endpoints included GD14 fetal weight, length, limb length, digit formation, and
placental development. MNU decreased forelimb lengths in both strains, and neither antioxidant ameliorated this effect; in fact, BHT exacerbated limb shortening
in the C57BL/6N strain. MNU also increased the incidence of syndactyly, oligodactyly, polydactyly, and interdigital webbing in both strains, which BHT reduced.
QL partially protected fetuses from MNU-induced digital malformations. QH
only partially protected against oligodactyly and polydactyly in CD-1 fetuses, and
exacerbated syndactyly and polydactyly in C57BL/6N fetuses. BHT and QH were
also associated with decreased fetal weight in both strains, and this was exacerbated
by MNU administration, an effect likely representing maturational delay. These results suggest that maternal antioxidant supplementation during gestation may
dampen MNU-induced increased oxidative stress both directly by reducing ROS
and indirectly by overcoming ROS-induced shifts in fetal cell cycle and cell death
gene expression; however oversupplementation with dietary antioxidants may exert
detrimental pro-oxidative effects and adversely impact fetal development.
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MEDAKA FISH AS A MODEL FOR DEVELOPMENTAL
ETHANOL TOXICITY: ASSESSING PERIODS OF
HEIGHTENED SENSITIVITY

S. Oxendine2, 1, D. Hinton3, J. Cowden1 and S. Padilla1, 2. 1NTD, USEPA,
Research Triangle Park, NC, 2Curr. in Toxicol., UNC-CH, Chapel Hill, NC and
3
Nicholas School of the Environment, Duke University., Durham, NC.
Ethanol (EtOH) is a well-known developmental toxicant that produces a range of
abnormal phenotypes. While the toxic potential of developmental EtOH exposure
is well characterized, the effect of the timing of exposure on the extent of toxicity
remains unknown. Fish models such as the Japanese medaka, Oryzias latipes, provide a convenient system for investigating the effects of developmental EtOH exposure. In this study, medaka embryo toxicity tests were used to assess temporal variations in EtOH toxicity. Fertilized eggs were collected at the 64-cell stage and
incubated during early, middle or late gestation (0-3, 3-6 or 6-9 days post fertilization) with various sublethal concentrations of EtOH (0.1, 0.5 or 1%) (n=20 per
dose). Viable embryos were photographed on the day of hatching, and time to
hatch, outer eye distance and total body length were used to assess toxicity. Dose-related hatching delays and growth inhibition were consistently observed in treated
embryos (e.g., approximately 45% of controls hatched by day 9, whereas only 17%
of embryos treated with 1% EtOH hatched by that time). Hatching delays were
most pronounced when exposures occurred early in development. EtOH-induced
growth inhibition, however, appeared to be most pronounced when exposures occurred late in development (e.g., 1% EtOH only decreased total body length by
8.8% if exposure occurred on days 0-3, but that decrement doubled to 17.6%
when exposure occurred on days 6-9). The observed temporal variations in EtOHinduced growth inhibition may be related to stage-specific pharmacokinetic effects,
as the EtOH dose was slightly higher in embryos treated late in development when
compared to those treated earlier in development. In general, these data suggest
that critical periods for heightened sensitivity to developmental EtOH exposure
may vary according to the endpoint used to assess toxicity. This is an abstract of a
proposed presentation and does not reflect EPA policy.
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TERATOGENIC EFFECTS OF ETHANOL ON THE
CORTICAL HEM

E. A. Myers1, 4, T. A. Wills2, 4, D. B. Dehart3, 4, S. E. Parnell3, 4 and K. K. Sulik3,
. Curriculum in Toxicology, University of North Carolina, Chapel Hill, NC,
2
Curriculum in Neurobiology, University of North Carolina, Chapel Hill, NC,
3
Department of Cell and Developmental Biology, University of North Carolina,
Chapel Hill, NC and 4Bowles Center for Alcohol Studies, University of North
Carolina, Chapel Hill, NC.
4 1

Hippocampal insult results in a variety of behavioral and cognitive problems that
are associated with Fetal Alcohol Spectrum Disorders (FASD). Important for the
development of the hippocampus is a medial structure now termed the cortical
hem. Numerous investigations using FASD animal models have illustrated that
ethanol induces adverse effects on the hippocampus following exposure during second and third trimester-equivalent stages. The current study was undertaken to investigate the effects of first trimester-equivalent ethanol exposures on the hippocampus in C57Bl/6J mice. Dams were administered two doses of 2.9 g
ethanol/kg maternal body weight via intraperitoneal injections on day 7.0 and 7.16
of pregnancy. Dams were killed on day 12.5 of pregnancy. Embryos were removed,
fixed, and examined for gross malformations. Based on previous work illustrating
concurrent effects of ethanol on the eyes and brain, embryos having ocular defects
were selected for subsequent CNS analysis. These embryos were decapitated, cut
midsagittally, and processed for whole mount in situ hybridization. Wnt3a was
used as a probe to identify the cortical hem. As compared to stage-matched controls, ethanol-exposed embryos presented with reduced areas of Wnt3a labeling, in-

dicating reductions in the cortical hem. Studies are in progress to examine expected
potential ethanol-induced deficiencies in the hippocampus at later developmental
stages. (Supported by NIAAA 11605, NIEHS T32-ES07126)
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EFFECT ON F1 GENERATION BEING BORN FROM
MICE TREATED WITH RETINOIC ACID DURING
GESTATION
N. Makoto1, F. Hideki1, 2, M. Yoshiharu1, 2 and M. Chisato1, 2. 1Graduate School
of Medicine, Chiba University, Department of Bioenvironmental Medicine, CHIBAKEN, Japan and 2Graduate School of Medicine, Chiba University, Environmental
Health Science Project for Future Generations, CHIBA-KEN, Japan.
Retinoic acid (RA) is absolute imperative substance for maintaining normal living
body. The excessive intake or lack of RA in living body cause developmental abnormalities. Especially, it is known that abnormalities are caused in the form formation
of fetus from dams received excessive RA during gestation. To investigate the effect
of RA on neonatal infant of mice, C57BL/6N mice were given a single oral dose of
16 mg/kg on 10.5, 11.5, 12.5 or 13.5 days of gestation, respectively. Neonatal infant of mice were euthanized on the 4, 6 or 8 postpartum day, respectively, and the
testis of neonatal infant was extracted, preserved in 4 % paraformaldehyde solution,
embedded in paraffin, sectioned and stained with terminal deoxynucleotidyl transferase-mediated dUTP nick-end labeling (TUNEL) method. TUNEL-positive cells
(Apoptosis positive cells) had increased in the testis on the 8 postpartum day in the
neonatal infant from dams treated with RA at dose of 16 mg/kg on 10.5, 11.5, 12.5
and 13.5 days of gestation. As mentioned above, it was suggested that testis of the
neonatal infant was affected (increase of apoptosis positive cell), when pregnant
mice were treated with RA.
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INVESTIGATION OF VALPROIC ACID TOXICITY IN
THE GESTATION DAY 9 MOUSE FETUS USING AN
INTEGRATED GENOMICS APPROACH
M. F. DeCristofaro1, M. O’Hara2, M. Letzkus3, A. Cordier4, S. Bongiovanni3,
S. Chibout3, D. Beckman2 and F. Staedtler3. 1Biomarker Development, Novartis
Pharmaceuticals, East Hanover, NJ, 2Safely Profiling and Assessment, Novartis
Pharmaceuticals, East Hanover, NJ, 3Biomarker Development, Novartis Pharma AG,
Basel, Switzerland and 4Safely Profiling and Assessment, Novartis Pharma AG, Basel,
Switzerland.
Valproic Acid (VPA) is an antiepileptic drug known to result in neural tube defects
in humans if given at certain times during pregnancy. Exposure of pregnant mice to
VPA results in approximatly 30% exencephaly, a defect in anterior neural tube closure, in the offspring. The exact mechanism of VPA-induced exencephaly is not
known. However, it has been suggested that impaired folate metabolism could be
the cause. In this study, the molecular mechanism of VPA-induced teratogenicity
was investigated using a genomics approach in CD-1 mice treated with 800
mg/kg/day of VPA via oral gavage at gestational days (GD) 7 and 8. GD9 fetuses
were collected and observed for evidence of exencephaly and documented.
Individual whole fetuses, 3 per control dam and 6 (3 with and without exencephaly) from the VPA treated dams, were hybridized separately to the Affymetrix
Mouse430_2 chip for genomic analysis. All probe sets with an average intensity
>50, fold change (FC) >1.2 and ANOVA p-value <0.01 were visualized using a
principle component analysis. The control and VPA treated animals separate along
principle component (PC) 1 and the probe sets that contribute the most to this
separation are primarily involved in transcription and signaling. The VPA treated,
normal animals and the VPA treated, exencephaly animals separate along PC2 and
the probe sets that contribute the most to this separation are primarily involved in
transcription and an immune/stress response. Evidence of alterations in folate metabolism were not observed at GD9. However, the differential gene expression of
probes sets for transcription at GD9 suggests that differences might be seen at later
time points. These data provide additional insight into the mechanism of VPA induced teratogenicity in the mouse.
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ESTABLISHING PREDICTIVE MOLECULAR MARKERS
OF DIFFERENTIATION AS TOXICOLOGICAL
ENDPOINTS IN THE EMBRYONIC STEM CELL TEST
(EST)
J. Kaltenhaeuser1, R. Buesen2, E. Genschow2, A. Visan2, B. Slawik2, K.
Schlechter2, K. Becker1, T. Steger-Hartmann1, H. Spielmann2 and A. Seiler2.
1
Experimental Toxicology, Schering AG, Berlin, Germany and 2National Center for
Documentation and Evaluation of Alternative Methods to Animal Experiments
(ZEBET), Federal Institute for Risk Assessment (BfR), Berlin, Germany. Sponsor: K.
Riecke.
In the field of reproductive toxicity mandatory test guidelines require in vivo experiments for the detection of an embryotoxic potential of chemicals and drugs. A
promising alternative method for these purposes has been provided with the

Embryonic Stem Cell Test (EST). This assay is based on the capacity of murine embryonic stem cells (ES cells) to differentiate in vitro into a variety of cell types. The
EST is able to assess the embryotoxic potential of chemicals by evaluating inhibitory effects on differentiation of contracting myocardial cells which can be detected microscopically. Using a biostatistical prediction model (PM) the assay
passed an international validation study and was able to predict the embryotoxic
potential of test chemicals with an accuracy of 78%.
A joint project funded by the Federal Ministry of Education and Research in
Germany (BMBF) was carried out by ZEBET and German pharmaceutical companies to improve the EST by establishing molecular endpoints of differentiation.
Cardiac-specific gene expression was studied at protein and RNA levels by flow cytometry and real-time-PCR under the influence of 10 chemicals with different embryotoxic potentials. The results obtained using cardiac-specific molecular endpoints were comparable to the validated microscopic analysis of beating areas and
led to the same predictive outcome. The data clearly demonstrated that the selected
molecular markers provide objective endpoints of early embryonic differentiation
and are able to predict developmental toxicity in vivo from in vitro data for reference compounds.
In conclusion, a modified EST holds promise to be a new predictive screening system for hazard assessment with regard to developmental toxicity.
*The first two authors contributed equally.
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ENVIRONMENTALLY-RELEVANT
TRICHLOROETHYLENE EXPOSURE ALTERS CARDIAC
HEMODYNAMICS DURING AVIAN DEVELOPMENT

V. J. Drake1, J. Lough2, N. Hu3, 4 and S. M. Smith1. 1Department of Nutritional
Sciences, University of Wisconsin-Madison, Madison, WI, 2Department of Cell
Biology, Anatomy and Neurobiology, Medical College of Wisconsin, Milwaukee, WI,
3
Department of Pediatrics, University of Utah, Salt Lake City, UT and 4Primary
Childrens Medical Center, Salt Lake City, UT. Sponsor: R. Hines.
It is controversial whether trichloroethylene (TCE), a common groundwater contaminant, is a cardiac teratogen. Using an in ovo chick embryo model, our laboratory has previously shown that TCE exposure (4 nanomoles/egg) increases proliferation and cellularity in the outflow tract (OFT) and atrioventricular canal (AVC)
cushions, and also decreases embryonic survival when assessed at 6.25 days incubation. Here, we investigate the consequences of TCE exposure to cardiac function in
the chick embryo. Embryos were exposed to 4 nanomoles TCE/egg (8 ppb) during
cardiac valvuloseptal precursor formation, and hemodynamic parameters were assessed at HH24 (4.25 days). Cardiac cycle lengths and heart rates were not significantly different between the TCE-treated and PBS-treated embryos. Conversely,
Doppler ultrasound revealed that TCE-exposed embryos had reduced dorsal aortic
and atrioventricular blood flow. Additionally, the passive to active atrioventricular
blood flow ratio was significantly greater in TCE-exposed embryos. These TCE-induced functional changes are consistent with cardiac cushion hyperplasia which
would narrow the OFT and AVC orifices, consequently reducing blood flow
through these channels. An impaired ability to increase cardiac output in response
to growth demands could contribute to the increased mortality seen in TCE-exposed embryos. Overall, our results show that an environmentally-relevant TCE exposure during early valvuloseptal formation alters cardiac hemodynamics in avian
embryos. (Supported by NIH ES11738, NIH U10HD45944, and AHA
0510017Z.)
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EXAMINATION OF THE CRITICAL WINDOW FOR
LOW DOSE TRICHLOROETHYLENE EXPOSURE TO
CHICK EMBRYOS

E. S. Rufer1, V. Drake1, J. Lough2 and S. M. Smith1. 1Nutritional Sciences,
University of Wisconsin - Madison, Madison, WI and 2Medical College of Wisconsin,
Milwaukee, WI. Sponsor: C. Jefcoate.
Trichloroethylene (TCE) is one of the most commonly reported groundwater contaminants. The current EPA maximum contaminant level for TCE in drinking
water is 5 ppb. Other studies have associated gestational TCE exposure with congenital heart defects, notably abnormal development of valvular and septal structures. Our laboratory has previously shown that chick embryos chronically exposed
in ovo to 4 nanomoles TCE/egg (8 ppb) during cardiac valvuloseptal formation (2
– 3.3 days incubation; Hamburger and Hamilton (HH) stages 13 - 20) increases
mortality at HH30 (6.25 days incubation). We have also shown that this same TCE
exposure alters cardiac hemodynamics in HH24 (4.25 days) chick embryos; thus,
we hypothesize that the embryonic mortality may be a result of cardiac deficits.
However, little is known about TCE’s mechanism of teratogenicity. To narrow the
critical window of exposure and therefore isolate the developmental processes that
could be affected by TCE, embryos were administered a range of TCE doses at only
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one developmental stage (HH stage 13, 15, 17, or 20) and survival was assessed at
HH30. Embryos acutely exposed to TCE during deposition of the cardiac cushion
extracellular matrix (HH stage 13 or 15) had survival rates similar to vehicle-treated
embryos. Conversely, embryos acutely exposed to TCE at the stage when mesenchymal cells first invade the extracellular matrix (HH stage 17) showed a highly
significant reduction in survival. Interestingly, TCE triggered an inverted U-shaped
dose-response curve following acute exposure at HH stage 17, with the most dramatic response at 8 ppb. This type of response might indicate the existence of a separate TCE disposal mechanism at high doses. Microarray experiments are currently
underway using Affymetrix chicken genome arrays to help explain the effects of
TCE at these environmentally-relevant doses. Supported by NIH award #ES11738
and AHA #0510017Z.
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ASSESSING THE TOXIC POTENTIAL OF ACUTE
EXPOSURE TO ENGINEERED NANOMATERIALS

S. L. Harper and R. L. Tanguay. Environmental and Molecular Toxicology, Oregon
State University, Corvallis, OR.
The potential benefits offered by rapid growth of the nanotechnology industry
must be balanced with the necessary measures to mitigate harmful health effects
and environmental impact. Materials scientists and chemical engineers of the
Oregon Nanoscience and Microtechnologies Institute have partnered with the
Environmental and Molecular Toxicology group at Oregon State University to engage in research investigating the biological activity and toxic potential of novel
nanomaterials. Zebrafish (Danio rerio) have been successfully used as an in vivo
model organism for predictive developmental toxicology and are now proving invaluable for the pharmaceutical and biotechnology industries. Zebrafish embryos
were exposed to structurally diverse engineered nanomaterials (silicon nitride powder, 2-70 nm; ethylene di-amine-corded polyamidoamine, <1.4 nm; polyamide
dendron, <1.4 nm; nanocrystalline cellulose, 4-50 nm; and dendrimers, ~1.4 nm).
Dermal (ambient exposure with chorion intact) and microinjection exposures
began early in development (1-2 cell stage) to ensure inclusion of organogenesis
and the periods of development most well conserved among vertebrates. Embryos
were visually assessed throughout 6 days of development for viability, developmental progression, circulation, and gross morphological malformations (e.g. axis, eyes,
notochord, heart, brain, jaw, somite, fin). Behavioral assessments included the rate
and timing of spontaneous contractions, motility and tactile response.
Morphometrics such as body length and width, head-trunk angle, eye diameter and
otic vesicle length were also determined. Preliminary results revealed the following
effects from nanomaterial exposures: increased mortality, pericardial edema, yolk
sac edema, eye and fin malformations, curved body axis, and body truncation.
Further studies are planned to determine underlying mechanisms by which nanomaterials elicit these biological responses.
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EFFECT OF 8-MOP ON DEVELOPMENT OF FROG
EMBRYO

C. L. Osborne, J. Cozzetta and M. M. Diawara. Biology, Colorado State
University-Pueblo, Pueblo, CO.
The psoralens are found in produce and used in skin photochemotherapy; they
have been shown to compromise reproductive function in rats. We assessed the toxicity of 8-methoxypsoralen (8-MOP) on early embryo development of the African
clawed frog (Xenopus laevis) by examining the developmental epoch spanning gastrulation to the freely swimming tadpole. Male frogs were injected twice (24 hours
apart) with 0.35cc of human chorionic gonadotropin (hCG) and the female frogs
were injected once with 0.65cc of hCG to induce mating. The frogs were placed in
a separate mating aquarium in the dark overnight. Fertilized eggs were harvested
from the aquarium the next day. After the embryos reached gastrulation, they were
reared in 400mL of distilled water, pH 7.2, at room temperature (controls), or distilled water supplemented with DMSO (vehicle), 1, 10, or 100µM 8-MOP, with
30 embryos per treatment. Mortality was evaluated and the embryos were fixed in
MEMFA (100mM MOPS, pH 7.2, 2mM EGTA, 1mM MgSO4, 4%
paraformaldehyde) for 1 hour at room temperature and then dehydrated and stored
in methanol at -20C. Using a dissecting microscope equipped with a micrometer,
body length and interocular distance (the distance between the medial sides of the
eyes) were taken. A dose response relationship was observed for body length with
the higher concentrations of 8-MOP stunting embryonic growth in all experiments. Mortality also increased in a dose-dependant manner. Other deformities included kinked tails, underdeveloped eyes, misshapen dorsal fins, swollen guts, and
undefined spinal cords. Additional experiments using tunnel essay showed 8-MOPinduced apoptosis in exposed embryos in a dose-dependent manner, confirming
our previous observations using rodent models.
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CELL DEATH AND HSP70/EGFP EXPRESSION IN THE
DEVELOPING OLFACTORY SYSTEM OF ZEBRAFISH
LARVAE FOLLOWING CADMIUM EXPOSURE

C. J. Matz and P. H. Krone. Anatomy and Cell Biology, University of Saskatchewan,
Saskatoon, SK, Canada. Sponsor: P. Devine.
Cadmium (Cd) is known to accumulate in the olfactory neurons of fish, and causes
disruptions in olfactory-dependent behaviors. We have previously utilized a transgenic zebrafish strain carrying a heat shock protein 70-green fluorescent protein
(hsp70/eGFP) transgene to identify cell populations sensitive to acute 3 hour Cd exposure in zebrafish larvae (Blechinger et al, 2002; Env. Hlth. Perspect. 110; 10411046). For the current study, the effects of sublethal Cd exposures were investigated over longer exposure periods. Zebrafish larvae (72 hours post fertilization)
were exposed to 0.5, 1.0, 5.0, and 10 µM CdCl2 for 96 hours. Whole body accumulation of Cd was measured at 24 hour intervals through this exposure period
using GFAAS, and was found to increase with exposure concentration and length
of exposure period. To investigate the effects of Cd at the cellular level in vivo, induction of the hsp70/eGFP reporter construct was monitored in living transgenic
larvae using fluorescence microscopy at regular intervals throughout the exposure
period. Dose-dependent expression of hsp70/eGFP was observed in the olfactory
epithelium, gills and skin. Maximal Cd-induced expression occurred after 24 hours
of exposure, with a subsequent decline after 48 hours. To investigate the observed
decrease in hsp70/eGFP expression, TUNEL (TdT-mediated dUTP nick end labeling) assays were performed to detect cell death in the olfactory epithelium following
continuous Cd exposures (0.5, 1.0, 5.0, 10 µM) for 72 and 96 hours. Cell death
within the olfactory epithelium was observed only in the 10 µM Cd treatment
group after 72 hours, and in the 5.0 and 10 µM Cd treatment groups after 96
hours. These data indicate that sublethal Cd exposure affects the larval zebrafish olfactory epithelium in a dose-dependent fashion, resulting in activation of both
hsp70 gene expression and, subsequently, cell death pathways.
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TOXIC EFFECTS OF LOW LEVELS OF DIMETHYL
SULFOXIDE DURING EMBRYONIC DEVELOPMENT IN
MEDAKA (ORYZIAS LATIPES)

J. Cowden1, S. Oxendine2, 1, D. Hinton3 and S. Padilla1, 2. 1Neurotoxicology
Division, USEPA, Research Triangle Park, NC, 2Curriculum in Toxicology,
University of North Carolina - Chapel Hill, Chapel Hill, NC and 3Nicholas School of
the Environment, Duke University, Durham, NC.
Dimethyl sulfoxide (DMSO) is an organic solvent widely used as a vehicle for toxicant exposure studies. While developing a neurotoxicity screen using the Medaka
(Oryzias latipes) Embryo Assay, we examined the effects of DMSO on gross measures of medaka embryonic development. Medaka embryos were exposed to DMSO
solutions at concentrations ranging from .001 to 10% in a 96-well nylon mesh tissue culture plate, allowing rapid and concurrent dosing throughout the experiment
(n=19 to 40 embryos per treatment). DMSO treatment with daily solution renewal
began during the early high blastula stage (about 12 hours after fertilization), and
continued until 8 days post-fertilization (approximately 24 hours before hatching).
On the day of hatching all viable fry were photographed; linear measures of outer
eye distance and total body length were taken by observers blinded to the treatment
group of the fry. Day of hatch, body length, and outer eye distance were assessed for
each embryo. Ten percent DMSO was lethal to medaka embryos. Hatching day
and outer eye distance were not affected by sub-lethal concentrations of DMSO.
Body length, however, proved particularly sensitive to DMSO exposure. A 6.6% reduction in body length was observed in embryos exposed to 1% DMSO. Even embryos exposed to as little as 0.1% DMSO showed a 4.4% reduction in body length.
As 1% DMSO is often employed as a vehicle in fish assays, these results point to the
necessity for careful analysis of vehicle effect during studies of toxicant actions on
embryonic development. This is an abstract of a proposed presentation and does not reflect EPA policy.
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EXPRESSION OF THE HELIX-LOOP-HELIX INHIBITOR
OF DNA BINDING-6 (ID-6) GENE IS INDUCED BY ALLTRANS RETINOIC ACID IN ZEBRAFISH EMBRYOS

C. Villano1, 2, J. Hillegass1, 2 and L. White2, 1. 1Joint Graduate Program in
Toxicology, Rutgers, The State University of New Jersey, Piscataway, NJ and
2
Biochemistry and Microbiology, Rutgers, The State University of New Jersey, New
Brunswick, NJ.
The Id proteins (Inhibitor of DNA Binding) are a class of helix-loop-helix (HLH)
proteins that lack a DNA binding domain and function by forming inactive heterodimers with other HLH proteins. Ectopic overexpression of Id-1 results in immortalization or delayed senescence of normal human keratinocytes (NHKs),
demonstrating that Id-1 is an important regulator of keratinocyte differentiation.
Retinoids, vitamin A analogues, are powerful regulators of cell growth and differen-

tiation and are necessary for the maintenance of epithelial differentiation. We have
found that exposure of NHKs to all-trans retinoic acid (atRA) results in a significant increase in Id-1 mRNA and protein. Based on our previous data, we have chosen to study the effects of atRA on the expression of a zebrafish Id-1 homolog, Id6, and determine its role in proper embryo development. Id proteins are important
regulators of lineage commitment and terminal differentiation during embryonic
development. Id-1/Id-3 knockout mice are nonviable, indicating that Id-1 or Id-3
is essential for embryonic development. In addition, overexpression of Id-1 during
mouse development inhibits neuronal development. Our data demonstrate that exposing zebrafish embryos to 10nM atRA results in improper heart chamber development and pericardial edema by 72 hours post fertilization (hpf ). Quantitative
PCR shows that in untreated embryos, Id-6 is highly expressed at 10 hpf with decreasing levels at 24, 48, and 72hpf; however, an increase in Id6 gene expression is
seen in response to atRA exposure at these timepoints. Id6 in situ hybridization
data demonstrate that an increase in Id-6 expression is detectable in the atrium of
the heart of atRA exposed embryos by 48hpf and becomes more apparent by 72hpf.
Overall, this data suggests that defects in zebrafish heart development following exposure to atRA may be the result of an increase in Id-6 expression.
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ETHANOL PERTURBS ALCOHOL DEHYDROGENASE
ENZYME EXPRESSION IN JAPANESE MEDAKA EMBRYO

A. K. Dasmahapatra1, 2, X. Wang2, 1 and M. L. Haasch1, 2. 1National Center for
Natural Product Research, University of Mississippi, University, MS and 2Department
of Pharmacology, University of Mississippi, University, MS.
Ethanol is well-known as a developmental toxicant; however, the molecular mechanism(s) of this toxicity remains unclear. We have used Japanese medaka (Oryzias
latipes) development as a model system to determine associations between ethanol
metabolism and ethanol-mediated developmental toxicity. Like all other vertebrates, alcohol dehydrogenase (ADH) initiates alcohol metabolism in medaka.
Previously, we cloned two full-length cDNAs encoding two ADH isozymes from
the liver tissue of adult medaka. Phylogenetic analysis and computer modeling of
the deduced amino acid sequence data identified one of them as an orthologue of
mammalian Adh5 and the other as an orthologue of zebrafish Adh8. To study the
effect of ethanol on regulation of ADH5 and ADH8 protein and mRNA expression
during embryonic development of medaka, fertilized eggs were exposed to waterborne ethanol concentrations of 100 and 400 mM during the first two days of development and sacrificed in ovo at 2, 4, and 6 days post fertilization (dpf ).
Expression of Adh5 and Adh8 mRNAs were separately determined by semi-quantitative and quantitative real-time RT-PCR and the protein activities determined enzymatically. The results indicate that both Adh5 and Adh8 mRNA expression were
significantly reduced at 6 dpf in embryos treated with 400 mM ethanol. ADH5
and ADH8 enzyme activities of the embryos were not detectable in ethanol-treated
embryos when compared to the measurable control level at day 6 dpf. The results
indicate that ethanol may modulate ADH mRNA and protein expression in
Japanese medaka resulting in alterations in ethanol metabolism and toxicity. This
research provides further insights into the role of ADH enzyme expression in the
mechanism of fetal alcohol syndrome.

microinjection of an MMP-13 antisense morpholino oligonucleotide (MO) into 1to 2-cell embryos to knockdown MMP-13 gene expression resulted in severe developmental abnormalities and a decrease in embryo viability when monitored
through 72 h of development. Overall, it appears that exposure to DX or HC leads
to an induction of MMP expression, which has the potential to alter normal embryonic development. Further, developmental abnormalities and decreases in viability in MMP-13 MO embryos suggest MMP-13 plays a vital role in zebrafish
embryogenesis.
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DISCORDANT PHENOTYPES OF GENETICALLY
DIVERGENT ZEBRAFISH EXPOSED TO 3,3’,4,4’,5PENTACHLOROBIPHENYL (PCB126)

E. Waits. USEPA, Cincinnati, OH. Sponsor: T. Reddy.
Polychlorinated dibenzo-p-dioxins (PCDDs), dibenzo-furans (PCDFs), and
biphenyls (PCBs) comprise a family of highly-toxic, bioaccumulative, halogenated
aromatic hydrocarbons which resist degradation and persist in the environment.
Planar PCDDs and PCDFs and coplanar PCBs are potent developmental and reproductive toxicants that pose potential risk to fish, wildlife, and human health.
Efforts to understand the molecular mechanism(s) of toxicity for dioxin-like compounds (DLCs) have led to the characterization of the AHR/ARNT signal transduction pathway in numerous model systems. However, the down-stream molecular events leading to toxic endpoints remain unclear. Inter-individual variation in
susceptibility to DLCs has been demonstrated in multiple vertebrate species, including strains of laboratory mice and numerous feral fish species. However, candidate gene studies aimed at determining the molecular basis for resistance in these
organisms have been unsuccessful or irreproducible. In this study, zebrafish with divergent genetic backgrounds were screened for susceptibility to developmental toxicity of 3,3’,4,4’,5-Pentachlorobiphenyl (PCB126) at 96 hr postfertilization (hpf )
following a 1hr static waterborne exposure at 2 hpf. The presence or absence of cardinal signs of DLC early life stage toxicity, which include heart malformations,
craniofacial malformations, pericardial and yolk sac edema, and impaired swim
bladder inflation, were scored. This survey revealed significant differences in susceptibility to PCB126-induced developmental toxicity with EC50 values ranging
from 9 ppb to 336 ppb. The discordant phenotypes revealed in this study, in combination with the wealth of molecular markers and linkage maps available for zebrafish, provide a quantitative genetic system which can be used to link this phenotypic variation to its underlying genetic basis. This will ultimately yield new insight
into the mechanism of action of DLC developmental toxicity. (This abstract does
not represent USEPA policy).
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COMPARISON OF THE EFFECTS OF 3 PLANT
ALKALOIDS ON THE DEVELOPING CHICK EMBRYO
AND FRUIT FLY LARVAE

K. Lustofin and B. Francis. Entomology, University of Illinois at UrbanaChampaign, Urbana, IL.
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MATRIX METALLOPROTEINASE EXPRESSION AND
FUNCTION DURING ZEBRAFISH EMBRYOGENESIS:
ANALYSIS OF MMP-2, MMP-9, AND MMP-13
FOLLOWING EXPOSURE TO DEXAMETHASONE OR
HYDROCORTISONE

J. M. Hillegass, C. M. Villano, L. A. White and K. R. Cooper. Joint Graduate
Program in Toxicology, Rutgers, The State University of New Jersey, Piscataway, NJ.
With the emerging issue of pharmaceuticals in the environment, examining the potential effects of glucocorticoid exposure on developmental processes is vital.
Matrix metalloproteinases (MMPs) degrade components of the extracellular matrix
(ECM), a function essential for embryogenesis, where MMPs participate in the
normal ECM remodeling that occurs during tissue morphogenesis and development. Studies have demonstrated that MMP gene expression is inhibited by glucocorticoids in mammals, and that exposure to glucocorticoids causes developmental
abnormalities in several species. Therefore, we propose that glucocorticoids impede
normal development through alteration of MMP expression. Zebrafish (Danio
rerio) were used as a model to study MMP-2, MMP-9, and MMP-13 expression
during embryogenesis following acute exposure to dexamethasone (DX) or hydrocortisone (HC). In a time-course experiment in which embryos were exposed to
100 mg/L DX or HC for up to 72 h, real-time PCR revealed a consistent induction
of MMP-2, MMP-9, and MMP-13 by 72 h. These embryos exhibited noticeable
changes in morphology and hemorrhaging. In situ hybridization experiments confirmed the PCR results and revealed distinct areas of MMP expression in the embryos depending on the type of glucocorticoid to which they were exposed.
Substrate zymography was utilized to confirm the activity of these MMPs. Finally,

Anabasine, nicotine, and coniine are neurotoxins which exert their toxic effect by
mimicking acetylcholine. Both coniine and nicotine are known teratogens. Forsyth
et al. (1994) hypothesized that the malformations seen in chickens are the result of
the effect on the acetylcholine receptors. We tested this hypothesis by comparing
the teratogenic effect of anabasine on developing chick embryos and on fruit fly larvae to that of coniine and nicotine. If the toxic and teratogenic mechanisms are the
same, the malformations caused by these three chemicals should be the same within
a species. Eggs were injected through the air space on days 3 and 6 with anabasine
suspended in corn oil. Control eggs were left untreated or injected with corn oil.
The eggs were allowed to develop in an incubator at 37 degrees until day 17. On
day 17, the embryos were removed from the eggs, weighed and examined for malformations. After staining the cartilage and bone, the bones of the feet and legs were
examined and measured. Weight and bone size were statistically analyzed.
Anabasine dosed chicks had a higher malformation rate and lower body weights
than controls. All three chemicals caused the same malformation in chicks, supporting the hypothesis that the malformations are related to the effect on acetylcholine receptors. Bone size was correlated to embryo weight and was not affected
by treatment. Fruit fly larvae were exposed to either anabasine, coniine or nicotine
in the diet. Eggs were placed on treated diet and the larvae allowed to develop until
pupation. Adult flies were scored for malformations. Flies raised on treated diet exhibited different malformations, including unequal wing length in coniine-treated
flies, nonsymmetrical thorax in anabasine-treated flies, and notches in the wings of
nicotine-treated flies. We conclude that the mechanism of action of these three
chemicals in causing malformations is not the same in fruit flies as in chicks and
that fruit flies are not, therefore, a good model for chemically caused developmental defects in vertebrates.
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CATALASE SIGNIFICANTLY PROTECTS AGAINST
VALPROIC ACID INDUCED NEURAL TUBE DEFECTS
IN CD-1 MOUSE EMBRYOS IN CULTURE

E. W. Tung1 and L. M. Winn1, 2. 1Pharmacology and Toxicology, Queen’s University,
Kingston, ON, Canada and 2School of Environmental Studies, Queen’s University,
Kingston, ON, Canada.
Exposure to the anticonvulsant drug valproic acid (VPA) in utero is associated with
a 1-2% increase in neural tube defects (NTDs), however the molecular mechanisms by which VPA induces NTDs is unknown. VPA can be metabolized to reactive intermediates, which can lead to an increase in reactive oxygen species (ROS)
formation. The objective of this study is to evaluate the embryoprotective effects of
the antioxidative enzyme catalase conjugated with polyethylene glycol (PEG)
against VPA induced NTDs in CD-1 mouse embryos in culture. On gestational
day 9.5 (vaginal plug = day 1), embryos were explanted from CD-1 murine dams
and embryos with three to six somites were exposed to VPA (0, 0.30, 0.60 mM)
and cultured for 24 hours at 37°C. Embryos were then examined according to an
established developmental scoring system. Embryonic growth and development
were not significantly hindered as indicated by yolk-sac diameter, crown-rump
length, somite number, and dorsal-ventral flexure. However, anterior neuropore
closure was significantly reduced in embryos exposed to both 0.30 mM and 0.60
mM VPA (p<0.05). Co-exposure with PEG-catalase (400 U/mL) significantly protected embryos against VPA induced NTDs (p<0.05). These results indicate that
ROS may play a role in VPA induced NTDs in the whole embryo culture system.
Currently oxidative stress as measured by the presence of 4-hydroxy-2-nonenal
Michael adducts and 3-nitrotyrosine via Western blotting is being analyzed in embryos with closed versus opened anterior neuropores. Oxidative stress will also be
evaluated in embryos co-exposed to catalase and VPA. Additionally, transverse sections of the neural tube will be used to localize the presence of oxidative damage.
Supported by CIHR.
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EFFECTS OF TCDD ON MOUSE EMBRYONIC STEM
CELLS IN CULTURE

A. TAKAGI and J. KANNO. Cellular & Molecular Toxicol, National INST. Health
Sciences, Tokyo, Japan. Sponsor: A. Takagi.
2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) is reported to be carcinogenic, immunosuppressive, and teratogenic through a ligand-activated transcription factor
the aryl hydrocarbon receptor (AhR). Recently, proliferation and/or differentiation
processes of hemopoietic stem cells, osteoblasts derived from mesenchymal stem
cells and rat liver epithelial ‘stem like’ cells are reported to be affected by TCDD.
These results suggest that stem cells might be a common target for TCDD.
Embryonic stem (ES) cells are pluripotent cells isolated from the inner cell mass of
blastocyst. Therefore, it is expected that ES cells would be valuable tool for the prediction of stem cells mediated TCDD toxicity. In this study, we firstly examined the
effects of TCDD on cell number and differentiation of ES cells. In all experiments,
ES cells (E14-2a) were cultured on gelatin-coated dish. TCDD was dissolved in
DMSO, and the DMSO concentration in ES medium was kept at 0.1% through
out the study. We confirmed that AhR mRNA was expressed in the ES cells. Semiquantitative RT-PCR analysis demonstrated that ES cells exposed to 1-100nM
TCDD showed a dose-dependent induction of CYP1A1 mRNA. After 3 days of
culture with TCDD, ES cell number was found to be decreased to 50 % at 10 and
100nM with a decreasing tendency at 1 nM. In contrast, TCDD (1-100nM) did
not inhibit the differentiation of ES cells cultured at leukemia inhibitory factor
(LIF)-negative condition or a differentiating condition. TCDD (1-100nM) also
did not inhibit the maintenance of undifferentiated ES cells cultured with LIF-positive condition. From these results, it is demonstrated that TCDD clearly decreased
the cell number of mouse ES cells. Investigation on the effect of TCDD on ES cells
in a molecular level is underway, and the results from microarray analysis will be
presented.
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INHIBITION OF MOUSE KIDNEY DEVELOPMENT BY
BENZO(A)PYRENE: INVOLVEMENT OF ARYL
HYDROCARBON RECEPTOR AND WILMS’ TUMOR
SUPPRESSOR GENE

A. Nanez and K. S. Ramos. Biochemistry and Molecular Biology, University of
Louisville, Louisville, KY.
The molecular mechanisms governing ontogenesis are regulated by environmental
and somatic factors in utero that activate or repress the expression of numerous genetic elements. The aryl hydrocarbon receptor (Ahr) is an important nuclear transcription factor during embryogenesis and throughout maturity in multiple organisms. Environmental chemicals acting as Ahr ligands during embryogenesis
deregulate Ahr functions to induce deleterious developmental deficits. The Wilms’
Tumor suppressor gene (Wt-1) encodes a Cis2-His2 zinc finger protein that regu-
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lates biological events via transcriptional repression/activation of target genes involved in the regulation of mesenchymal-to-epithelial (MET) trans-differentiation
during renal development. Wt-1 is regulated at the mRNA level via insertion of lysine-threonine-serine residues (KTS) between the third and fourth zinc finger resulting in modification of Wt-1 DNA binding specificity. Using a metanephric kidney organ culture system we have shown that benzo(a)pyrene (BaP) inhibits
nephrogenesis in embryonic day 11.5 (Ell.5) C57/bL/6J mouse embryos and alters
-KTS/+KTS Wt-1 mRNA ratios after a four-day exposure. Metanephroi from Ahr
knockout mice are protected from BaP-induced deficits in nephrogenesis, indicating that Ahr is required in nephrogenesis. Thus, Ahr ligands may disrupt nephrogenesis in vivo by altering the ratio of Wt-1 mRNA splice variants. Further evidence is
presented that murine nephrogenesis is inhibited by BaP as early as E11, and that
retarded nephrogenesis can be seen within 48 hr of hydrocarbon treatment. The
modulation of nephrogenesis involves interference with the splice variant ratios and
accumulation of ±KTS Wt-1 mRNA as early as three days after repeated BaP exposure. These data establish a link between Wt-1 and ligands of the Ahr in the regulation of transdifferentiation events for diseases of the kidney such as Wilms’ tumor,
Denys-Drash syndrome, Frasier syndrome and Beckwith-Wiedman syndrome.
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GENE EXPRESSION ALTERATIONS OBSERVED IN
PRIMARY CULTURED RAT HEPATOCYTES AFTER
TREATMENT WITH CHLORINATED OR
CHLORINATED AND OZONATED DRINKING WATER

L. M. Crosby1, T. M. Moore2, J. Simmons2 and A. B. DeAngelo2. 1USEPA/UNC
Coop. Training Progr., Chapel Hill, NC and 2NHEERL, ORD, USEPA, Research
Triangle Pk, NC.
Drinking water from East Fork Lake was spiked with iodide and bromide, disinfected with chlorine or ozone + chlorine, concentrated ~100-fold using reverse osmosis, and volatile disinfection by-products added back. Primary rat hepatocytes
were exposed to full-strength, 1:10 or 1:20 dilutions of water for 24 hr. To examine the effects of chemical disinfection by-products (>500 identified) on living tissue, we used differential gene expression (DGE) to generate expression profiles.
LDH release was used to measure cell death, and a nitro-blue tetrazolium assay
(MTS) was used to measure metabolic activation. LDH release was increased in
concentrates, indicating cytotoxicity. Diluted waters produced no increases in
LDH release. The MTS assay demonstrated that diluted waters metabolically activated hepatocytes. Full strength ozone + chlorine treatment elicited the most
unique changes in gene expression. A distinct subset of changes classed by functional effect was shared among diluted ozone + chlorine, 1:10 chlorine and 1:20
chlorinated water-treated hepatocytes, lending support to the theory that these
changes were chlorine-mediated. There appeared to be a switch from cellular toxicity responses (undiluted ozone + chlorine) to adaptive responses (diluted ozone +
chlorine). We surveyed the literature for gene expression changes elicited by halo
acetic acids, PPARs, and DEHP and compared them to the present study to assess
whether common cellular mechanisms are active. DGE is useful for bio-monitoring the effects of disinfection processes on living systems. This manuscript has been
reviewed by the Environmental Protection Agency and approved for publication.
Mention of trade names/commercial products does not constitute endorsements or
recommendations.
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METABONOMICS OF A RODENT PEDIATRIC
NEPHROTOXICITY MODEL

L. K. Schnackenberg1, P. Espandiari2, P. S. Pine2, R. Anderson2, R. D. Beger1
and J. Hanig2. 1Systems Toxicology, National Center for Toxicological Research,
Jefferson, AR and 2CDER, USFDA, Silver Spring, MD.
The effects of the nephrotoxin gentamicin on 25, 40, and 80 day old male, Sprague
Dawley rats were investigated using a NMR-based metabonomics approach. At
each age, groups of 4 rats were administered saline, 50 mg/kg gentamicin, or 100
mg/kg gentamicin. Predose urine was collected along with urine at 8, 24, 48, and
72 hours after dosing for metabonomics analysis. Principle component analysis
(PCA) of the integrated and binned NMR spectra was performed in order to investigate patterns of changes as a function of time in each age group. The PC plots
clusters according to age, dose, and when the urine was collected. PC showed that
gentamicin had a greater effect on the 40 and 80 day old rats with the greatest separation from the saline-dosed animals 48 and 72 hours following administration of
gentamicin regardless of dose level. The concentrations of several individual
metabolites were determined at each age, dose level, and timepoint after dosing.
Scaled-to-maximum, aligned, and reduced trajectories (SMART) analysis was also
applied to compare the temporal metabolic trajectories obtained for each animal at
each dose level of gentamicin. The obtained trajectories indicate a greater effect in
the 40 and 80 day animals with similar magnitudes of change regardless of dose
level. The clinical chemistry data showed significant increases in the levels of BUN
and serum creatinine in the 40 and 80 day animals indicating a greater toxic effect
than on the 25 day old rats.
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METABONOMICS INVESTIGATION OF CISPLATIN
TOXICITY IN SPRAGUE-DAWLEY RAT AND B6C3F1
MOUSE

K. Okamoto1, 2, W. W. Collette2, B. Sadri3, X. Liao3, G. J. Stevens2 and A.
Deese3. 1Graduate School of Public Health, San Diego State University, San Diego,
CA, 2Worldwide Safety Sciences, Pfizer Inc., La Jolla, CA and 3Analytical Research
and Development, Pfizer Inc., La Jolla, CA.
Interspecies variation between rat and mouse in response to the renal toxicant, cisplatin, was studied using metabonomic technology. The objective of this study was
to assess the use of metabonomics as a sensitive tool to understand species differences in toxicity. A single intraperitoneal dose of cisplatin was administered to male
Sprague-Dawley rats (n = 8/group, 1 or 5 mg/kg) and male B6C3F mice (n =
8/group, 10 or 25 mg/kg). Urine samples were collected every 24 h up to 168 h
post-dose and analyzed by 1H NMR. Four animals from each group were euthanized and necropsied at 48 and 168 h post-dose for serum clinical chemistry analyses and histopathological examinations. In addition, platinum pharmacokinetic
studies were conducted to investigate the possibility of differential pharmacokinetics in both species. Serum platinum concentrations were measured by ICP-MS at
0.5, 1, 2, 4, 8, and 24 h after a single dose intraperitoneal treatment. The maximum
exposures (C max) for rat (low dose1.14±0.018 ug/mL; high dose 1.69±0.251
ug/mL) and for mouse (low dose 3.90±0.316 ug/L; high dose 5.44±1.391 ug/mL)
all occurred within 1 h post dose. The conventional examinations (i.e., BUN and
serum creatinine) provided insignificant response differences between control and
low dose in both species. Metabonomics on the other hand clearly distinguished
control and low dose responses in both species.
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METABOLOMIC ANALYSES OF CHINOOK SALMON
SMOLTS EXPOSED TO CRUDE OIL OR DISPERSED OIL

C. Lin1, M. Viant2, B. Anderson1 and R. Tjeerdema1. 1Environmental Toxicology,
University of California, Davis, Davis, CA and 2School of Biosciences, University of
Birmingham, Birmingham, United Kingdom.
There is significant potential for catastrophic spills that could seriously impact
salmon populations during key periods of their migration, particularly when
salmon smolts are entering the ocean from native streams and rivers. This study examines the toxic actions of the water-accommodated fraction and chemically dispersed fraction of Prudhoe Bay Crude Oil to the smolts of Chinook salmon
(Onchorhyncus tshawytscha). A nuclear magnetic resonance (NMR)-based
metablomic approach which combines the metabolic profiling capabilities of NMR
spectroscopy with multivariate statistical techniques was then applied to analyze the
stressful metabolic changes of the salmon smolts. After smolts were exposed to various concentration of oil or dispersed oil for 96 hours, muscle and liver tissues of
smolts were removed and flash frozen. The low molecular weight metabolites were
extracted and then analyzed using high resolution 1H NMR spectroscopy.
Following subsequent spectral processing, the metabolites were examined using
principal component analysis to identify the metabolic changes. The levels of
metabolites including glycolytic and tricarboxylic acid cycle intermediates, as well
as high-energy phosphorus-containing compounds were altered in the exposed
smolts. We have also successful identified a couple of metabolites correlated with oil
or dispersed oil exposures. This could provide candidates for further mechanism
study. We conclude that NMR-based metabolomics is a rapid, sensitive, less expensive, and high through-put approach to identify metabolic fingerprints and develop
biomarkers in responding environmental contaminants.
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METABONOMIC EVALUATION OF RENAL PAPILLARY
NECROSIS-INDUCED METABOLIC ALTERATIONS IN
BIOFLUIDS AND TISSUES USING NMR AND UPLC-MS
TECHNOLOGIES

M. Coen1, J. T. Pearce1, N. Aranibar2, H. Zhang2, G. H. Cantor2, L. D.
LehmanMcKeeman2, V. Roongta2, M. Sanders2, H. C. Keun1, E. Holmes1, J.
C. Lindon1 and J. K. Nicholson1. 1Biological Chemistry, Imperial College, London,
United Kingdom and 2Discovery Toxicology, Bristol-Myers Squibb, Lawrenceville, NJ.
A comprehensive metabonomic analysis of biofluid and tissues samples was
achieved through the integrated use of diverse analytical platforms and novel data
modelling methods. This approach was applied to study the metabolic consequences of renal papillary necrosis (RPN), a major cause of renal failure.
Bromoethanamine, which causes acute development of RPN, was administered to
rats (150 mg/kg) over a time period ranging from 4 to 48 hours and the metabolic
profiles of biofluids and tissues were determined using solution and tissue NMR
methodologies and ultra performance liquid chromatography combined with mass
spectrometry (UPLC-MS). Four hours after administration of BEA, there was evidence of renal functional changes, manifested as a 2-fold increase in urine volume
and a 50% decrease in urine osmolality. The dominant alterations in urine and

serum NMR spectral data from BEA-treated animals at all time points was the appearance of glutaric and adipic acid resonances. The multivariate classification
method, orthogonal-projection on latent structures (O-PLS-DA), which pre-filters
classification-irrelevant variation from data and hence improves the interpretability
of PLS models, was applied to both NMR and UPLC-MS spectral data sets. The effect of time was included explicitly in the models to improve the ability to separate
general and specific toxic effects in addition to recovery effects. This analysis enabled biomarkers of RPN to be determined for each time point and the combined
application of NMR and UPLC-MS technologies enabled the greatest possible
number of metabolites to be assigned and monitored which proved useful in evaluating mechanisms of toxicity.
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METABOLOMIC ANALYSIS OF ALCOHOL TOXICITY IN
RAT BRAIN AND LIVER

I. Shah1, I. Rusyn2, J. Cai1, A. Maki2, D. Kim2, L. Qin2, J. Corbell1, F. T.
Crews2 and A. Higgins1. 1Icoria, Inc., Research Triangle Park, NC and 2University of
North Carolina, Chapel Hill, NC.
Chronic intake of ethanol is known to induce significant toxicity in various organs.
Liver and brain are two of the main targets. These studies were conducted to test
the hypothesis that metabolomic analysis can distinguish ethanol consumption
from other caloric sources
and to provide insight into the mechanisms and/or markers of organ damage.
Studies were conducted in three rat models of alcohol-induced liver and brain toxicity, namely acute (single dose), binge (4 days) and sub-chronic (28 days) administration of ethanol. Alcohol treatment produced hepatosteatosis and inflammation,
together with ALT elevations in the binge and sub-chronic models, and necrosis in
the latter. Biochemical (metabolomic) profiles were measured by LC/MS in serum,
liver and hippocampus. Using these complex sets of data, supervised machine learning methods were used to classify treatment and control groups across the three
models with a high degree of accuracy (98-100%) for serum and liver. These analyses yielded a panel of almost 50 potential biomarkers for alcohol exposure and hepatotoxicity. Using stepwise regression analysis, we identified panels of 6-9 biomarkers in serum and livers from the binge and subchronic studies that correlated
tightly with each and all of the histopathological indices of liver toxicity (steatosis,
inflammation and necrosis). In contrast, only marginal correlations could be found
between the metabolomic profiles and conventional markers of liver injury, such as
serum ALT. Pathway analysis showed that many of the biomarkers mapped to pathways associated with oxidative stress and energy metabolism.
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A METABONOMICS INVESTIGATION OF THE
TESTICULAR TOXICITY INDUCED BY MALE
REPRODUCTIVE TOXICANTS

T. Yamamoto1, T. Fukushima1, S. Sakemi2, H. Yamada1 and I. Horii1.
1
Worldwide Safety Sciences, PGRD Nagoya Laboratories, Pfizer Inc., Taketoyo, Aichi,
Japan and 2Discovery Technologies, PGRD Nagoya Laboratories, Pfizer Inc., Taketoyo,
Aichi, Japan. Sponsor: M. Kurata.
Male reproductive toxicity is a major concern for safety risk assessments during
drug development. The effects of compounds on male reproductive system are usually difficult to detect at the screening stage because of the requirement of long
study period, thus alternative biomarkers are demanded. Aim of the present study
was to detect metabonomic changes in urine caused by testicular toxicity. Three
male reproductive toxicants, ethylene glycol monomethyl ether (EGME), cyclophosphamide (CP) and sulfasalazine (SASP), were administered to male rats (13
weeks old) at 2-3 dose levels (N=5/dose level/compound) for one day. Urine was
collected prior to dosing, and 0-8h and 8-24h post dose under cold condition, and
applied to NMR-based metabonomic analysis using 600MHz 1D 1H-NMR spectroscopy. In addition, the testes were removed from rats after final collection periods of urine, and they were applied to the examinations of histopathology, gene expression and protein expression. Serum was also collected at necropsy to monitor
the exposure to the compounds. The resulting NMR spectra were interpreted using
pattern recognition method to characterize metabonomic alterations among the
groups. An unsupervised principal component analysis (PCA) using binning data
derived from each NMR spectrum showed a clear distinction between control and
treated group. The administrations of male reproductive toxicants examined in the
present study affected to the composition of endogenous metabolites in urine.
Loading plots of PCA revealed that the resonances of around 3.02 ppm and 3.26
ppm were mainly altered, which were elucidated as creatinine and taurine, respectively. The results from this study indicated that the changes of above resonances
might serve as biomarkers for testicular toxicity. Moreover, the potential of metabonomics as one of the powerful tools in toxicological study was exhibited.
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METABOLOMICS STUDY OF CISPLATIN-FED MICE:
ROLE OF PPARα

R. D. Beger1, L. Schnackenberg1, M. Ford1, J. Megyesi2, R. Safirstein2 and D.
Portilla2. 1Systems Toxicology, National Center for Toxicological Research, Jefferson,
AR and 2Internal Medicine, University of Arkansas for Medical Sciences, Central
Arkansas Veterans Healthcare System, Little Rock, AR.
Cisplatin is a very important chemotherapeutic agent that has been shown in randomized trials to increase the survival rate of patients with cervical cancer by 3050%. However, incidences of nephrotoxicity associated with administration of cisplatin have limited its use clinically. We have used NMR and LCMS spectroscopic
analyses of urine, serum and kidney tissue from to characterize the metabolic abnormalities observed in cisplatin nephrotoxicity. Groups of three to four 8- to 10week-old 129/SV mice were administered cisplatin as a single intraperitoneal injection of 20 mg/kg body weight. Analyses of NMR and LCMS spectra were used to
identify changes in the metabolic patterns that included changes in glucose, alanine, lactate, and trimethylamine-N-oxide. A group of four mice were also pretreated for 7 days with the PPARα ligand, WY 14,643 (1%wt/wt) and its protective effects were examined in samples collected after 2 days of exposure to cisplatin.
Pretreatment with WY prevents the elevation of glucose, fatty acids and triglycerides that were observed in mice treated with cisplatin alone. Since creatinine,
which is the common clinical marker for cisplatin-induced renal toxicity, is not as
sensitive or specific as a group of biomarkers, we propose the development of a specific metabolic spectral footprint of cisplatin-induced nephrotoxicity, which will
allow us to predict and reduce the incidences of cisplatin-induced acute renal failure. Our study along with previous studies have shown the effects of cisplatin on
several metabolites which include abnormally elevated glucose levels as well as effects on the concentrations of lactate, amino acids, and oxidized lipids in cisplatintreated mice. We have shown that these biochemical alterations represent important
pathogenetic factors in proximal tubule injury and precede proximal tubule cell
death and organ dysfunction in the model of cisplatin-induced acute renal failure.
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METABONOMIC EVALUATION OF SCHAEDLER
ALTERED MICROFLORA RATS

D. Wells1, L. C. Robosky1, D. G. Robertson1 and C. C. Clifford2. 1Metabonomics
Evaluation Group, Pfizer Global Research & Development, Ann Arbor, MI and
2
Charles River Laboratories, Wilmington, MA.
Following the identification of two distinct metabolomic phenotypes of rats
sourced from Charles River, Raleigh, we obtained foundation colony rats (CRSM)
with defined microflora (Charles River Schaedler altered microflora rats). We hypothesized the lack of differentiation of CRSM rats to the full compliment of microflora was responsible for the altered phenotype characterized by increased urinary chlorogenic acid metabolites and decreased hippurate (CA rats) as opposed to
the prevalent phenotype characterized by the inverse ratio of these metabolites
(HIP rats). Upon receipt it was confirmed that the CRSM rats exhibited a
metaboomic profile similar to CA rats but not identical. This phenotype remained
constant while animals were housed individually in a dedicated animal room for 2
weeks. Subsequently animals were moved to our stock colony containing untreated
CR rats from various facilities. Within 2 weeks 4 animals reverted to a metabonomic profile indistinguishable from historic HIP rats. A follow up experiment, included exposure to bedding from HIP animals. Based on the results, we conclude
that CRSM rats will adopt a metabonomic profile consistent with HIP rats and microflora are responsible for the altered phenotype.
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KINETICS OF ELIMINATION OF URINARY
METABOLITES OF ACRYLAMIDE IN HUMANS

T. Fennell1, R. W. Snyder1, S. C. Sumner1, J. Burgess1 and M. A. Friedman2.
1
RTI International, Research Triangle Park, NC and 2UMDNJ, Newark, NJ.
Acrylamide (AM), used in the manufacture of polyacrylamide and grouting agents,
is produced during the cooking of foods. Workplace exposure to AM can occur
through the dermal and inhalation routes. The objectives of this study were to evaluate the metabolism of AM in humans following oral and dermal administration in
humans (this is the second part of a study previously reported). (1,2,3-13C3)AM
was administered in an aqueous solution orally (single dose of 0.5, 1.0, or 3.0
mg/kg) or dermally (3 daily doses of 3.0 mg/kg) to sterile male volunteers. Urine
samples were collected at 0-2, 2-4, 4-8, 8-16 and 16-24 h following administration
orally, or at 0-2, 2-4, 4-8, 8-16 and 16-24 following each of 3 daily dermal doses.
Urine samples were analyzed for AM and its metabolites using LC-MS/MS. 13C3AM, 13C3-glycidamide, 13C3-N-acetyl-S-(3-amino-3-oxopropyl)cysteine and its Soxide, and 13C3-N-acetyl-S-(3-amino-2-hydroxy-3-oxopropyl)cysteine were quantitated in urine. The recovered urinary metabolites accounted for 45.6, 49.9, and
39.9 % of a 0.5, 1.0, and 3.0 mg/kg oral dose, respectively, and for 4.5 % of the
dose after 3 mg/kg administered daily for 3 days dermally. These results indicate
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that after oral administration AM is rapidly absorbed and eliminated. The half life
estimated for elimination of AM in urine was 3.1-3.5 h. After dermal administration, AM uptake is slow. This study indicated that skin provides a barrier that slows
the absorption of AM, and results in limited systemic availability following dermal
exposure to AM.
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EXTREMELY SENSITIVE BIOMARKER OF ACUTE
ORGANOPHOSPHORUS INSECTICIDE EXPOSURE

Y. Fujikawa1, A. Suganuma1 and T. Satoh2, 3. 1Drug Safety Research Laboratories,
Eisai Co., LTD., Tsukuba, Ibaraki, Japan, 2HAB Research Laboratories, Ichikawa,
Chiba, Japan and 3Chiba University, Chiba, Chiba, Japan.
Egasyn-β-glucuronidase complex is located at the luminal site of liver microsomal
endoplasmic reticulum. When organophosphorus insecticides (OP) are incorporated into the liver microsomes, they become tightly bound to egasyn, a carboxylesterase isozyme, and subsequently, β-glucuronidase (BG) are dissociated and
released into blood. Consequently, the increase in plasma BG activity becomes a
good biomarker of OP exposure. Thus, the single administration of EPN (O-ethyl
O-p-nitrophenyl phenylphosphonothioate), acephate and chlorpyrifos increased
plasma BG activity in approximately 100-fold the control level in rats. The increase
in plasma BG activity after OP exposure is a much more sensitive biomarker of
acute OP exposure than AChE inhibition.
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PLACENTAL GENE EXPRESSION IN RESPONSE TO
HIGH LEVELS OF UNCONJUGATED GENISTEIN IN
PLACENTA OF RATS ADMINISTERED GENISTEIN

N. V. Soucy, H. D. Parkinson and S. J. Borghoff. Division of Biological Sciences,
CIIT Centers for Health Research, Research Triangle Park, NC.
Genistein (Gen), the predominant phytoestrogen present in soy, is known to interact with both estrogen receptor (ER) α and β, and has been shown to elicit reproductive effects in developing rodents. In the rat, the major metabolites of Gen in
plasma are the glucuronide (G) and sulfate (S) conjugates, neither of which activates ER. Gen (40 mg/kg) was administered daily to pregnant Sprague-Dawley rats
by gavage from GD 5-19. Maternal and fetal plasma and placentae were collected
on GD 19 and the concentration of Gen, Gen-G and Gen-S were quantitated by
LC-MS/MS. Although the major metabolite in maternal and fetal plasma was the
Gen-G, followed by the Gen-S, the concentration of unconjugated Gen in the placenta peaked at 4 hours post-dosing with a concentration of 1500 pmoles/ml, far
higher than the concentrations of either conjugate. Enzyme assays examining the
activities of UDP glucuronyl transferase (UDP-GT) and β glucuronidase (βG) in
untreated maternal and fetal liver and placenta microsomes demonstrated that
UDP-GT activity in the placenta was only 2% of the activity in the maternal liver
and that βG activity was 28% of maternal liver activity. In the fetal liver, UDP-GT
and βG activities were 23% and 53% of maternal liver, respectively. These data
suggest that the high concentration of “free” Gen in the placenta is most likely due
to the preferential metabolism toward the parent compound in this tissue. To determine what effect high concentrations of unconjugated Gen may have on the placenta, placentas from male and female rats were collected and RNA isolated for
gene expression analysis using the Affymetrix Rat Genome 430 2.0 microarray.
Preliminary analysis of the microarray data indicate that key enzymes involved in
steroidogenesis appear to be down regulated in response to Gen exposure and that
there is a differential response in placenta associated with male vs female
fetuses.(Supported by the American Chemistry Council).
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HEPATIC TRANSCRIPTOME DIFFERENTIATES A
SELECTIVE PDE4 INHIBITOR AND IDENTIFIES A
POSSIBLE MECHANISM OF ACUTE PHASE RESPONSE
(APR) DUE TO LOSS OF INTESTINAL PERMEABILITY

R. Eyre1, G. Dietsch1, S. Tugendreich3, K. L. Kolaja4 and M. R. Fielden2.
1
Preclinical Studies, ICOS, Bothell, WA, 2Iconix, Mt View, CA, 3Merck, Seattle, WA
and 4Roche, Palo Alto, CA.
The primary toxicity of repeated oral administration to the rat of the highly selective PDE4 inhibitor IC542 is an inflammatory response leading to tissue damage
primarily in the GI tract and mesentery. The incidence and severity of the histologic changes in these studies correlated with elevated compound plasma levels, peripheral blood leukocytes, serum IL 6, acute phase proteins and decreased serum albumin. Toxicities observed with IC542 were paradoxical, as PDE4 inhibition is
generally believed to moderate some types of inflammation. Furthermore, many of
the toxicities seen in IC542-treated rats were distinct from the vascular injury reported for other PDE4 inhibitors. To further elucidate the mechanisms responsible
for IC542-induced toxicities in the rat and contrast them with other PDE4 in-

hibitors, comparative microarray studies were conducted with liver tissue.
Alterations in gene expression profiles of IC542-treated rats were consistent with an
APR that was comparable to the response observed in rats administered either LPS
or indomethacin at a dose that induces gastrointestinal injury. In contrast, other
PDE4 inhibitors did not induce an APR. The induction of the APR gene guanylate
cyclase 2C/heat stable enterotoxin receptor was consistent with the appearance of
degenerated mesenteric follicles and inflammation of ileum and jejunum. This was
also accompanied by a profound repression of drug metabolism genes, which coincides with high plasma levels of drug. Based on gene expression similarities to LPS
and indomethacin, loss of intestinal membrane integrity due to IC542 may permit
systemic exposure to LPS which initiates an APR, detectable by clinical pathology
as well as hepatic gene expression analysis. Transcriptomic analysis of the liver has
facilitated a molecular distinction in the toxic profile of the PDE4 inhibitor class,
and provided a cross-tissue window into a possible novel mechanism of toxicity of
PDE4 inhibitors.
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IDENTIFICATION OF GENE EXPRESSION CHANGES
IN PERIPHERAL BLOOD MONONUCLEAR CELLS
INDICATIVE OF EXPOSURE TO CHEMICALS WITH
DIFFERENT TARGET ORGAN TOXICITY
1

1

2

2

2 1

V. Chan , A. R. Stapleton , A. Soto , K. Yu and N. DelRaso . Alion Science &
Technology, Dayton, OH and 2AFRL, Wright-Patterson AFB, OH.

gene expression corresponding to each compound were identified using analysis of
variance (ANOVA). Consistent with the histological findings, compound B administration did not produce a robust response at the gene expression level. However, a
time dependent increase in number of gene changes occurred following compound
A administration. Overall, gene expression changes that were specific to the toxic
analogue were suggestive of perturbations in multiple pathways related to on-target
as well as off-target modes of action. These pathways were related to metabolic,
hematological, and immunological processes.
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QUANTITATIVE ANALYSIS OF DRUG-INDUCED
PHOSPHOLIPIDOSIS IN PRIMARY HEPATOCYTE AND
PERIPHERAL BLOOD MONONUCLEAR CELL
CULTURES USING A PHOSPHOLIPID-CONJUGATED
FLUOROPROBE

R. Morgan1, R. Manoukian2, S. Kaufman1, G. Elliot2, C. A. Afshari1 and H. K.
Hamadeh1. 1Comparative Biology and Safety Assessment, Amgen Inc., Thousand
Oaks, CA and 2Medical Sciences, Amgen Inc., Thousand Oaks, CA.
The intracellular accumulation of phospholipids as the result of treatment is referred to as drug-induced phospholipidosis (PL). This side effect is commonly seen
throughout the drug industry, in part because the physicochemical characteristics
of phospholipidogenic compounds often have favorable pharmacokinetic and pharmacodynamic properties. Although PL is of regulatory concern, several drugs
known to induce PL have been successfully introduced into the market. The severity and reversibility of PL, the tissue types effected, and whether or not PL is concurrent with evidence of tissue damage in some form that could lead to functional
deficits are a few points that will dictate the scrutiny with which PL should be evaluated. Given the prevalence of PL, and its potential to be a liability to drug development, we developed a fluorescence-based approach to quantifying PL in vitro
using primary rat hepatocytes in a monolayer, as well as primary rat and human peripheral blood mononuclear cells (PBMCs) in suspension. Hepatocytes and
PBMCs were exposed to known inducers of PL (ex. chloroquine, amiodarone, propranolol and others) as well as vehicle and negative controls in the presence of a
phosphoethanolamine-conjugated fluoroprobe (NBD-PE). PBMCs cultures were
assessed via flow cytometry (FC). Hepatocyte cultures were additionally stained
with a nuclear dye (Hoechst 3342) and analyzed with an imaging, laser scanning
cytometer (LSC). Concentration-response relationships were demonstrated for
both methods with good correlation for select compounds. Images from the LSC illustrated a clear treatment-related accumulation of NBD-PE relative to controls
and demonstrated the utility of imaging LSC technology. In conclusion, the use of
primary hepatocytes, and PBMCs isolated from rat and human whole blood can be
used as a rapid and cost-effective means for evaluating PL in vitro.

Toxicogenomic profiling captures the global transcriptomic response of a biological
system to perturbations resulted from chemical exposure. Coupled with advanced
bioinformatic techniques, it allows for the elucidation of the mechanisms of chemical toxicity, as well as the identification of novel biomarkers predictive of chemical
toxicity. In an effort to investigate if gene expression changes in peripheral blood
mononuclear cells (PBMC) can serve as novel biomarkers for organ-specific malfunction resulted from chemical exposure, we have initiated a transcriptomic profiling study using chemicals with different target organ toxicity in a rat model. The
first three compounds chosen were α-naphthylisothiocyanate (0.1 – 100 mg/kg),
chlorpyrifos (0.5 – 50 mg/kg) and 2-bromoethylamine (1.0 – 250 mg/kg), which
are model hepatotoxin, neurotoxin and nephrotoxin, respectively. Gene expression
profiles of PBMC isolated from control and chemical-treated rats were determined
using DNA microarrays. The expression levels of 584, 303 and 441 genes were significantly altered after chemical treatments as determined by t-test, ANOVA and
SAM, respectively. There are a total of 1075 unique genes comprised in these gene
lists. Of these unique genes, 213 were identified by two methods, while 40 genes
were common in all three methods. Using the expression profiles of these 40 genes
as input data in hierarchical clustering analysis and principal component analysis
demonstrated they are useful discriminators for separating animal groups treated
with different chemicals and doses. This result strongly supports the premise that
PBMC is a suitable surrogate tissue for monitoring gene expression changes for detecting organ-specific toxicity. Future efforts will involve transcriptomic profiling of
additional chemicals, and validate gene expression changes identified in this experimental model as biomarkers for specific exposure paradigms and real-world exposure scenarios.
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C. M. Rohde1, L. C. Robosky1, M. L. Manning2, D. F. Wells1, M. D. Reily1
and D. G. Robertson1. 1Metabonomics Evaluation Group, Pfizer, Inc., Ann Arbor,
MI and 2Manpower, Ann Arbor, MI.

GENE EXPRESSION CHANGES ASSOCIATED WITH
ADRENAL TOXICITY IN RATS TREATED WITH VEGFR2
INHIBITORS

M. A. Higgins1, M. Todd1, M. Damore2, C. A. Afshari1 and H. K. Hamadeh1.
1
Comparative Biology and Safety Sciences, Amgen Inc., Thousand Oaks, CA and
2
Medical Sciences, Amgen Inc., Thousand Oaks, CA.
Due to the role of VEGF in angiogenesis, VEGFR2 or KDR inhibitors are being
developed for the treatment of various cancer types. The objective of this study was
to examine adrenal toxicity and gene expression changes following daily oral treatment of Sprague-Dawley rats with two proprietary VEGFR2 inhibitors at 2 doses
for up to 14 days (n=4/group). The compounds are structural analogues, with comparable pharmacological potency, that display differential toxicity in the rat model
with the former being relatively non-toxic and the latter being associated with
multi-organ toxicities. The adrenal weights were significantly increased relative to
body weight at the high dose with compound A. Microscopically, adrenals were associated with hemorrhage and/or congestion. To ensure comparable exposure levels
across compounds, doses were adjusted based on pharmacokinetic profiles. Only
minor changes in clinical chemistry and histology parameters associated with the
pharmacological effect of the compound were observed following compound B administration. In contrast, marked changes in clinical chemistry parameters and
multi-organ toxicity were observed with compound A. To aid in understanding the
observed adrenal toxicity, gene expression changes were studied in adrenal gland tissue using the Affymetrix Rat Genome 230 2.0 array. Dose dependent changes in

CASEIN-BASED DIETS ALTER SPRAGUE-DAWLEY RAT
PHENOTYPES

Recently, two distinct metabonomic phenotypes of Sprague-Dawley rats were identified within two colonies sourced from the Charles River Raleigh facility. One
colony exhibited lower urinary hippurate and higher chlorogenic acid metabolite
levels (CA rats) compared to the second colony, which displayed an inverse ratio of
these urinary metabolites (HIP rats). Further investigation of these different phenotypes is essential to determine how they may impact studies of drug metabolism
and toxicity. As these phenotypes are likely due to differences in microflora populations, it was hypothesized that alterations in diet would affect these urinary
metabolite profiles. Therefore, male Sprague-Dawley rats (n=6-8) exhibiting either
the CA or HIP phenotypes were fed a rodent chow (Lab Diet© 5002 Certified
Rodent Diet; 5002), an established, defined casein-based diet (Harlan Teklad©
TD.94045; AIN-93G), or a defined casein-based diet containing 0.21% cholesterol and 21% fat (Research Diets© D12079B; western) for approximately 1-2
weeks following an acclimation period, approximately 1 week, on 5002. When rats
were switched from 5002 to either the AIN-93G or western diet, urinary profiles of
both CA and HIP phenotypes, as assessed by NMR spectroscopy, were altered
within a few days to a single distinct profile. This new profile (L-HIP/CA) was
mainly driven by changes in hippurate and chlorogenic acid metabolite levels.
When HIP rats (n=4) were fed the western diet for 1 week and then switched back
to 5002 for 3 days, the new L-HIP/CA phenotype gradually reverted back to the
original HIP phenotype, demonstrating that the L-HIP/CA dietary phenotype is
reversible. We conclude that casein-based diets significantly affect urinary biomarker phenotypes in animals with pre-existing microflora differences.
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IMMUNOHISTOCHEMICAL AND MALDI-TOF BASED
TISSUE IMAGING REVEAL CHANGES IN THE
EXPRESSION, LOCALIZATION, AND
PHOSPHORYLATION OF ANNEXIN I AND II DURING
CHEMICAL-INDUCED NEPHROCARCINOGENICITY
B. Leinweber1, N. Ma2, M. S. Chacko2, J. I. Everitt3, T. J. Monks1 and S. S.
Lau1. 1Center for Toxicology, University of Arizona, Tucson, AZ, 2Division of
Pharmacology/Toxicology, Uof Texas, Austin, TX and 3GlaxoSmithKline, Research
Triangle Park, NC.
2,3,5-tris-(Glutathion-S-yl)hydroquinone (TGHQ) is a nephrocarcinogen in the
Eker rat. A mutation in the tuberous sclerosis (Tsc-2) tumor suppressor gene predisposes Tsc-2EK/+ rats to the development of renal tumors. In the present study,
both Tsc-2+/+ (wild-type) and Tsc-2EK/+ (one mutant allele in the Tsc-2 gene) rats
were treated with TGHQ (i.p.) for 1-8 months. TGHQ induced cell proliferation
in the outer stripe of the outer medulla (OSOM) of the kidney in both Tsc-2+/+
and Tsc-2EK/+ rats, but only induced tumors in Tsc-2EK/+ rats. Microarray analysis of TGHQ-induced preneoplastic lesions and renal tumors demonstrated increased transcription of annexin I and II (AI & AII) genes. AI and AII regulate cell
proliferation, facilitate tumor cell migration, and participate in tumor cell escape
from immune surveillance. Immunohistochemical (IHC) analysis revealed the
overexpression of AI and AII in injured kidney cells within the OSOM in both
TGHQ-treated Tsc-2+/+ and Tsc-2EK/+ rats initially after 1 mo treatment and
which increased over time. AI was highly expressed during all stages of neoplasia in
Tsc-2EK/+ rats. Although AI and AII appeared in the cytoplasm of all injured cells,
a granular and membranous pattern of expression was observed in pre-neoplastic
and neoplastic cells. Thus, AI and AII translocate from the cytoplasm to membranes during compensatory proliferation following cell injury. MALDI-TOF mass
spectral imaging of rat kidney slices from a TGHQ treated (8 mo) Tsc-2EK/+ and
an untreated Tsc-2+/+ rat revealed the same distribution of AI and II as seen with
IHC. Moreover an increase in mono- and bisphosphorylated AI and AII occurred
in TGHQ treated Tsc-2EK/+ rats. The role of native and post-translationally modified AI and AII in TGHQ-induced cell injury, cell proliferation and tumor formation is under investigation (GM39338, P30ES06694).
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ELEVATIONS OF PRO-INFLAMMATORY CYTOKINES
AND DECREASES IN CARDIOVASCULAR
HEMODYNAMICS FOLLOWING INTRAVENOUS
ADMINISTRATION OF RECOMBINANT HUMAN ACID
SPHINGOMYELINASE (RHASM) TO ACID
SPHINGOMYELINASE KNOCK-OUT (ASMKO) MICE
J. M. Murray, A. D’Angona, C. Nickerson, A. Vitsky, M. Hawes, S. Ryan, P.
Ewing, B. Thurberg and L. Andrews. Pharmacology/Toxicology, Genzyme
Corporation, Framingham, MA.
Acid sphingomyelinase is a lysosomal hydrolase that cleaves sphingomyelin into ceramide and phosphorylcholine. Acid sphingomyelinase deficiency results in the allelic disorders known as Niemann-Pick Disease, Types A and B. The ASMKO
mouse is being used in the development of rhASM as a potential enzyme replacement therapy for Niemann-Pick Disease. Previous studies revealed a dose responsive toxicity associated with rapid bolus administrations of rhASM to ASMKO, but
not normal, mice. Clinical observations were consistent with a severe hypotensive
event. Repeated administration of sub-lethal doses of rhASM prevented this toxicity. To identify potential safety biomarkers for use in clinical trials of rhASM, studies were conducted to measure changes in serum cytokine levels and cardiovascular
heomdynamics following single and repeated administrations of rhASM. Following
a single dose of rhASM, dose-responsive increases in pro-inflammatory cytokines
IL-6, IL-1α, IL-1β and G-CSF were observed. In addition, there were dose-responsive reductions of heart rate, blood pressure and activity in telemeterized animals.
During repeat dose studies, the increases in pro-inflammatory cytokines and decreases in cardiovascular hemodynmics and activity were observed only after the
first rhASM administration. Additional studies to determine if agents that block increases in IL-6 or decreases in cardiovascular hemodynamics and limit or prevent
the toxicities observed following rhASM administration to ASMKO mice are ongoing. These data suggest that the pro-inflammatory cytokines IL-6 and IL-1β as
well as monitoring changes in blood pressure and heart rate can be used as early
biomarkers of potential toxicity of rhASM in human clinical trials.
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MOLECULAR TARGETS AND TOXIC EFFECTS OF
MICROCYSTIN-LR IN F344 RATS
M. Billam, Q. Cai, S. Mukhi, L. Tang, R. J. Kendall and J. Wang.
Environmental Toxicology and The Institute of Environmental and Human Health,
Texas Tech University, Lubbock, TX.
Microcystin-LR (MCLR) is the most common hepatotoxic cyanotoxin produced
mainly by cyanobacteria Microcystis aeruginosa, which can cause toxic effects in a
variety of species. MCLR is a tumor promoter and acts mainly through inhibition
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of serine/threonine protein phosphatases 1 and 2A. Exposure of humans and animals to MCLR is mainly through drinking water or recreational activities. Current
information is very limited on biomarkers for studying MCLR exposure. In this
study, young F344 rats were intraperitoneally treated with acute (50, 100, 150
µg/kg) and sub-acute (5, 10 µg/kg) doses of MCLR to explore possible biomarkers
of exposure and effect. Histopathological observations in liver showed spot necrosis
at low doses while there was massive hemorrhage and necrotic foci widely distributed at the highest doses, indicating extensive liver damage. In liver, PP2A protein
expression showed a dose dependent decrease. Interestingly, immunohistochemical
localization showed that it is the nuclear PP2A that is acted upon first, followed by
cytoplasmic PP2A. In addition, there was a significant increase in sphingolipid levels at highest doses treated, indicating a ceramide mediated apoptotic pathway involved. Expression of apoptosis and cell cycle regulatory proteins like Bax, Bcl2 and
Bad showed a dose dependent decreasing pattern. These results demonstrated that
exposure to MCLR increased sphingolipid levels and decreased PP2A expressions,
which down regulates the expression of Bcl2 family proteins. (Supported by the research contracts DAAD13-00-C-0056 and DAAD13-01-C-0053 from the
Research, Development and Engineering Command, U.S. Army)
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EFFECT OF LOW LEVEL PROLONGED EXPOSURES OF
JP-8 ON THE BIOMARKER EXPRESSIONS IN THE SKIN
OF WISTAR RATS

R. Babu1, A. Chatterjee2, S. Fulzele2, N. Verma2 and M. Singh2. 1Auburn
University, Auburn, AL and 2College of Pharmacy, Florida A&M University,
Tallahassee, FL.
Purpose: Jet fuels have been well known to cause skin irritation and molecular
changes in the skin after short-term exposures. There is no much information available on the low-level prolonged dermal exposures of jet fuels and their immunosuppressive effects. We evaluated the effect low Level prolonged exposures of JP-8
on the transepidermal water loss (TEWL), erythema levels and cytokine and
chemokine expressions in the skin of Wistar rats. Methods: Wister rats, age 5-6
weeks were divided into 4 groups; 2 control and 2 treatment groups containing 6
rats in each group. Shaven dorsal surfaces were exposed at 15 µl / 3.14 cm2 every
day. At the end of 1 and 3-week dermal exposures, TEWL was measured for all
groups. The skin of the exposed areas was collected at 3 weeks and flash frozen in
liquid nitrogen and stored at –70oC. The cytokine concentrations in the skin samples were analyzed using cytokine assay kits for IL-1α, TNF-α, IL-6, IL-10, IFNγ
and IL-18 according to manufacturers’ instructions. Results: JP-8 daily doses of 15
µl / 3.14 cm2 in Wistar rats produced 6-fold increase in TEWL and severe erythema levels with in a week. Repeat exposures 5 days a week for 3 weeks produced
stratification (thickening) of skin and skin wounds at the exposed sites. Both one
week and three-week exposures significantly increased (approximately 1.5 to 2.0
fold) the skin levels of IL-6, TNF-α and IL-10 as compared to control (P < 0.05).
There was no significant change in the levels of IL-1α, IFNγ or IL-18 due to JP-8
at 1 and 3 weeks as compared to control group (P > 0.05). The increased marker
levels of IL-10 (1.5 fold) indicate immunosuppressive effects of JP-8. Conclusion:
Low-level prolonged dermal exposures (for three weeks) of JP-8 induced a high
level barrier disruption, thickening and scale and wound formation in the skin of
Wistar rats. Prolonged exposures of JP-8 induced increase in IL-10 levels indicating
immunosuppressive effects of JP-8.
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DETECTION OF ANEUGENIC AND CLASTOGENIC
AGENTS USING P53 AS A MARKER OF GENOTOXICITY

H. Camacho, S. K. Roy and D. A. Eastmond. Environmental Toxicology Graduate
Program, University of California, Riverside, Riverside, CA.
The p53 tumor suppressor plays a central role in the cell’s response to genotoxic
stress. In consequence of exposure to genotoxicants, p53 is stabilized and its DNA
binding activity increases, thereby allowing it to mediate cell cycle arrest or apoptosis. Monitoring p53 levels by fluorescent immunocytochemistry could represent a
rapid and sensitive method to detect DNA damage following exposure to clastogenic and aneugenic agents. To determine whether p53 levels could be used as an
effective screen of genotoxicity, human lymphoblastoid TK6 cells were exposed to a
variety of model genotoxic compounds including mitomycin C, noscapine hydrochloride, vinblastine sulfate, etoposide, ethyl methanesulfonate, cyclophosphamide, and ionizing radiation. Peak responses varied with time. At 24 hours of
treatment, the p53 response for most compounds ranged from approximately 4fold to a greater than 20-fold increase over controls. In contrast, several non-genotoxic agents as well as apoptosis inducers produced weaker or no responses.
Similarly, increases in micronuclei were seen for the clastogenic and aneugenic
agents in the in vitro micronucleus assay. Interestingly, in most cases the increases in
p53 were greater than those seen in the micronucleus assay. These initial results indicate that p53 may be used as a relatively sensitive and stable marker of genetic
damage in vitro. We are also investigating the feasibility of monitoring other DNA-

damage responding proteins. It is hoped that these results will form the basis for the
development of a sensitive, rapid, and high throughput assay that can be used to
screen prospective therapeutic agents.
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GENE EXPRESSION PROFILES FOR THE ZUCKER
FATTY RAT VERSUS ZUCKER DIABETIC FATTY RAT
ARE HIGHLY CONSISTENT WITH THOSE OBSERVED
IN HUMAN PATIENTS

D. Patel1, R. Rooney1 and S. Groom2. 1Genome Explorations, Memphis, TN and
2
Toxicology, Charles River Laboratories Preclinical Montréal, Senneville, QC, Canada.
Sponsor: M. Vezina.
Age-matched Zucker diabetic fatty (ZDF) rats and Zucker fatty rats were subjected
to weekly oral glucose tolerance (OGT) tests at 11 to 14 weeks of age. Liver specimens were collected each week from both pre- and post-OGT test animals and
total RNA was analyzed for global gene expression using Affymetrix Rat Genome
230 2.0 arrays. Expression profiles were generated for:
–
Genes with different basal expression levels between strains
–
Genes up- or down-regulated in Zucker but not regulated in ZDF,
–
Genes up- or down-regulated in ZDF but not regulated in Zucker,
–
Genes similarly regulated in both Zucker and ZDF, and
–
Genes differentially regulated between Zucker and ZDF.
Gene ontology/pathway analysis showed that a majority of genes in the above profiles are associated with lipid or sterol metabolism, amino acid metabolism, glucose
or carbohydrate metabolism, RNA processing, and apoptosis. Interestingly, changes
in expression seen in three of the profiles occurred sharply between 12 to 13 weeks
of age, coinciding with the onset of frank diabetes in ZDF rats.
Comparison with human gene expression data confirmed that gene ontology distributions were very similar and identified a number of genes reported as significantly
regulated in patients with Type 2 diabetes. Furthermore, comparison with a list of
genes compiled from published reports for diabetes-related human gene expression
found common transcriptional regulators that are differentially regulated between
ZDF and Zucker rats: Forkhead box A2 (Foxa2) and Forkhead box O1A (Foxo1a)
are down-regulated in ZDF while Sterol regulatory element binding factor 1
(Srebf1), Signal transducer and activator of transcription 1 (Stat1) and growth hormone receptor (GHR) are up-regulated in ZDF.
The gene expression changes identified in these rodent models are highly consistent
with those observed in human studies, sufficiently so that similarities persist in
cross-tissue comparisons.
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GENE EXPRESSION PROFILING OF RAT SKIN
EXPOSED TO CUMENE HYDROPEROXIDE

A. Brys, L. Giannunzio, R. Jones, M. Hejtmancik, D. Gerken and L. Fomby.
Battelle, Columbus, OH.
Cumene hydroperoxide (CHP) is a polymerization catalyst used in industrial manufacturing. It is also used to elicit oxidative damage in in vitro studies. Dermal exposure to cumene hydroperoxide results in erythema, edema, and vesiculation. In
addition, short term exposure to CHP initiates formation of free radicals causing
oxidative stress in the skin. We examined the early molecular effects of CHP on rat
skin by gene expression analysis using Affymetrix Genechip system and Rat
Genome 230 2.0 arrays. Fisher rats were exposed to a single dermal dose of 250
mg/kg of cumene hydroperoxide. Skin samples were taken from the control and
treated animals at 0, 15, 30, 45, 60, 150, and 300 minutes after exposure (3
rats/time point). An early inhibition followed by an up-regulation of glutathione
regulatory genes was observed indicative of oxidative stress. Changes in expression
of inflammatory response and oxidative response genes were apparent as early as 15
minutes after exposure. These results demonstrate that markers of oxidative stress
can be detected almost immediately after exposure by gene expression analysis.
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PHENOBARBITAL-MEDIATED GENE EXPRESSION
PROFILES IN MOUSE LIVER

L. Zheng1, A. Williams2, A. Yagminas1, C. Parfett1, G. Zhou1, G. Douglas1
and C. Yauk1. 1Health Canada, Environment and Occupational Toxicology Division,
HECSB, Ottawa, ON, Canada and 2Health Canada, Biostatistics and Epidemiology
Division, HECSB, Ottawa, ON, Canada. Sponsor: R. Moody.
The application of gene expression profiling may significantly improve the process
of risk assessment and safety evaluation. Before this powerful approach can be implemented, a thorough validation must be undertaken in order to verify that gene
expression profiles correlate with toxic exposure and known biological endpoints.
In this study, oligonucleotide DNA microarrays were used to derive hepatic gene
expression profiles for mice treated with phenobarbital. The relationship between

blood chemistry, hepatic metabolism and gene expression profiles was investigated.
Male B6C3F1 mice (5 mice/group) were dosed by oral gavage daily for 3 days with
vehicle or 0.1, 1, 10 and 100 mg/kg/day phenobarbital and sacrificed 4 hours after
the last dose. Serum samples were collected to measure standard biochemical markers for hepatotoxicity. Hepatic benzyloxyresorufin O-dealkylase (BROD) and
ethoxyresorufin-O-deethylase (EROD) were measured. Total liver RNA was isolated and the gene expression profiles were analyzed using an in-house custom
oligonucleotide microarray (ToxArrayTM), containing 1600 genes predicted to be
responsive to toxic exposures. Phenobarbital treatment resulted in a significant (p<
0.05) increase in liver-body weight ratios at the highest dose. BROD activity was
significantly elevated approximately 2-fold and 20-fold at 10 and 100 mg/kg/day
doses. Consistent with these results, microarray analysis showed significant dose-related induction of both Cyp2b9 and Cyp2b10 genes, which was confirmed using
real time RT-PCR. In addition, up to 40 differentially expressed genes were identified. The predominant pathways represented among the genes that were differentially expressed include xenobiotic metabolism, stress response, growth differentiation, and apoptosis, and the profiles correlate with biochemical markers and
pathology. These preliminary findings suggest that gene expression profile analysis
using microarrays may be a sensitive tool for evaluating a suspected hepatoxins.
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BLOOD AS A TOXICOGENOMIC TISSUE

C. Pearson, S. Fujimoto, M. Judo, M. Sampson, L. Brady, G. Napolitano, M.
Fielden, K. Kolaja and D. Halbert. Iconix Pharmaceuticals, Inc., Mountain View,
CA.
Iconix has developed a large library of Drug Signatures®, biomarkers for toxicologic, pathologic, and pharmacologic mechanisms of action, to improve compound
selection during drug discovery. These biomarkers are derived from DrugMatrix®,
a database integrating gene expression microarray results from rats treated with
>630 compounds with traditional measurements of toxicity, pathology, and pharmacology. Currently the database contains over 330 unique validated signatures derived from liver, kidney, heart, spleen and bone marrow. Numerous signatures derived from liver data can detect toxicities in other organs, such as lymphopenia,
neutropenia and kidney dysfunction. This observation led us to explore the use of
rat blood as a non-invasively accessible organ to detect toxicities that occur in less
accessible organs. Principal components analysis of control microarrays from a variety of tissues showed that bone marrow, spleen, and blood have highly similar gene
expression patterns, indicating that blood could be used as a screen for bone marrow and spleen toxicities. Several compounds were profiled in blood, spleen and
liver to assess whether blood could serve to detect both immune and non-immune
toxicity as well as pharmacology. TNFα and rolipram were examined for their proinflammatory effects, while nafenopin was profiled for its anti-inflammatory and
metabolic effects. Pathway profiling and gene ontology analysis showed that TNFα
and rolipram induced pro-inflammatory effects in all three organs. Nafenopin, a
PPARα agonist with anti-inflammatory properties, induced pathways involved in
fatty acid oxidation in both liver and blood, but not in spleen, while it repressed inflammatory pathways in all three organs. Thus, blood shows great promise as a sentinel of both pharmacology and toxicity. The use of blood as a toxicogenomic tissue
will facilitate non-invasive preclinical in vivo testing of compound toxicity and
paves the way for use of blood in human diagnostics for toxicity, pharmacology, and
efficacy.
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GLOBAL PROTEOMIC CHANGES IN MOUSE LUNG
AFTER INHALATION EXPOSURE TO
LIPOPOLYSACCHARIDE (LPS) AND/OR CIGARETTE
SMOKE

D. L. Springer1, R. E. Johnson2, E. F. Strittmatter1, R. J. Moore1, J. G. Pounds1,
K. M. Lee2 and J. H. Miller3. 1Pacific Northwest National Laboratory, Richland,
WA, 2Battelle Toxicology Northwest, Richland, WA and 3Washington State
University-TriCities, Richland, WA.
As part of an effort to develop an improved animal model for COPD, groups of
mice were exposed via inhalation to air (sham), LPS (0.5 ug/L, 1 hr/d 2d/wk), cigarette smoke (250 ug/L WTPM, 5 hr/d, 5d/wk), or LPS+smoke for three weeks
(five animals per group). A mass spectrometry-based global proteomics analysis was
performed on mouse lung. Lung tissue was homogenized in buffer containing
RapiGest™ detergent, the resulting protein fraction digested with trypsin, followed by reversed-phase chromatographic separation and analysis using tandemand FTICR-mass spectrometry using an Accurate Mass and Time tag strategy.
Approximately 800 proteins were identified in each treatment group. When peptide ion current values were used to estimate protein abundance (calculated as the
ratio of treated to control), nearly 200 proteins in the treatment groups were differentially abundant by two fold or greater relative to the control group. We found distinct differences in the biological processes altered by the exposures using MetaCore
Pathway® software. Cigarette smoke caused many changes in lipid transport and
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metabolic processes whereas the response to LPS was centered around cell signaling,
cell cycle regulation, and acute phase response. Apoptotic pathways were altered in
all three treatment groups. Proteins with large abundance changes of potential toxicological significance include pulmonary surfactant protein D (elevated in all
treatment groups), which is involved in resistance to infectious agents, and hepatoma-derived growth factor (elevated in smoke exposed groups) which is extracelluar with growth factor activity and also nuclear with a DNA binding domain.
These results demonstrate that mass spectrometry-based global proteomics approaches can provide the resolution and sensitivity needed to identify potential biomarkers for COPD and other related diseases. (Supported by Battelle IR&D).
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EXPRESSION OF OSTEOPONTIN BY RAT ALVEOLAR
MACROPHAGES IN VITRO

E. Bermudez and O. R. Moss. CIIT Centers for Health Research, Research Triangle
Park, NC.
Osteopontin (OPN), an abundant glycosylated phosphoprotein, has been found to
be associated with various disease states including pulmonary diseases. The role of
OPN in the normal or diseased lung is poorly defined, however it has been shown
that OPN is associated with the formation of granulomas and fibrosis. Our previous work demonstrated that the expression of OPN was elevated in rats developing
fibrotic lung lesions following the inhalation of titanium dioxide particles (Tp).
The expression of OPN by cells of the lung, based on in vivo evidence, has been
shown to occur primarily, though not exclusively, in macrophages. The current
work examines the in vitro elaboration of soluble OPN by rat alveolar macrophages
(AM) treated with various agents operating via several different signaling pathways.
OPN is detectable in the bronchoalveolar fluid of control rats and in medium conditioned by AM isolated from control animals. The level of expression of OPN was
increased ten fold in untreated AM allowed to attach to plastic culture plates versus
unattached cells, therefore the experiments were performed under conditions where
attachment of the AM was abrogated. AM were exposed to Tp, silica particles (Sp),
bleomycin (Bm), endotoxin (Et), epidermal growth factor (EGF), interferon
(IFNγ), tumor necrosis factor (TNFα), or transforming growth factor (TGFβ1).
Following various lengths of exposure the medium was removed and frozen and
subsequently analyzed by ELISA for either OPN or TNFα. AM actively phagocytosed the Tp and Sp. OPN was induced by treatment with Sp and TGFβ1.
Conversely, TNFα, Bm, and IFNγ treatment resulted in decreased soluble OPN.
No effect on OPN expression was detected when AM were treated with Tp, EGF,
or Et. TNFα expression was upregulated by Tp, Sp, Bl, Et, and IFNγ, but not by
EGF. AM treated with Et or IFNγ induced the production of NO, measured as
total NO3, suggesting that iNOS was upregulated in these cells. These results suggest that the uptake of particles is not sufficient to induce OPN expression and that
the regulation of OPN expression can occur via various pathways.
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ANTIBODIES AGAINST FORMALDEHYDE-ALBUMIN
CONJUGATES IN RATS TREATED WITH
FORMALDEHYDE: POTENTIAL BIOMARKER OF
EXPOSURE

M. Khan, H. Li, J. Wang and G. Ansari. Pathology, University of Texas Medical
Branch, Galveston, TX.
A large human population is exposed to formaldehyde (FA) environmentally and
occupationally, leading to a variety of respiratory and dermatological problems. FA
covalently binds with albumin to form FA-albumin (FAA) conjugates. It is hypothesized that humoral immune response to FAA conjugates could provide biological
marker of FA exposure, effective dose and susceptibility. To test this hypothesis,
male SD rats were treated with FA (1/5th LD50) through drinking water for up to
6 months. Blood was collected at 3 and 6 months following FA exposure and formation of anti-FAA antibodies was measured by ELISA using synthesized rat albumin conjugates of FA as solid phase antigen. Sera from FA treated rats showed induction of antibodies to FAA in 50% of animals at 3 months. The antibody titer
was significantly higher at 6 months in the serum samples of FA-treated rats which
were found positive at 3 months. Greater antibody response at 6 months suggests a
time-dependent formation of anti-FAA antibodies. These antibodies were highly
specific for FAA and did not cross react with malondialdehyde-, 4-hydroxynonenal-, 4-hydroxyhexenal- and acrolein-protein adducts. The specificity of anti-FAA
antibodies was further evaluated by inhibition studies which showed a dose-dependent decrease in binding when the serum was pre-incubated with increasing
concentrations of FAA, and by Western blot analysis which showed immunoreactivity of the antibody with FAA but not with rat albumin. Furthermore, the antiFAA antibodies (rat serum) also recognized FA-human albumin (FAHA) conjugates, but had only ~1/3rd binding affinity in comparison to FAA. These studies
suggest that induction of anti-FAA antibodies has the potential to be used as biomarker of FA exposure.
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IDENTIFICATION OF GLUTATHIONE DEPLETIONRESPONSIVE GENES IN RAT LIVER USING THE
LARGE-SCALE TOXICOGENOMIC DATABASE

N. Kiyosawa, A. Ono, T. Miyagishima, T. Urushidani and T. Nagao.
Toxicogenoimcs Project, National Institute of Biomedical Innovation, Ibaraki, Osaka,
Japan. Sponsor: T. Inoue.
Glutathione serves vital functions in detoxifying electrophiles, and evaluation of
glutathione homeostasis helps assess the potential risk of acetaminophen-type hepatotoxicity. In the present study, phorone was used as a glutathione depleting agent
on 6-week old male Crj:CD(SD)IGS rats (Charles River Japan). Three rats per
group were administered with phorone (40, 120, 400 mg/kg, i.p.) and euthanized
3, 6, 9 and 24 h after treatment. Livers were analyzed for glutathione content and
gene expression using Rat Genome 230 2.0 Array (Affymetrix, Inc.). Glutathione
depletion-responsive gene probe sets (GSH probe sets) were screened from microarray data as follows: first, probe sets, whose signal values were inversely correlated with the hepatic glutathione content throughout the experimental period
were selected based on Spearman’s correlation coefficients. Second, probe sets,
whose average signal values were greater than 2-fold (compared to their corresponding control) at 3 h after phorone treatment, were selected. Finally, probe sets
whose target sequences did not show homology with known gene sequences were
excluded, ending up with a total of 130 probe sets. The validity of the probe sets
was examined by referring to our large-scale toxicogenomic database, which is currently under construction by the Toxicogenomics Project in Japan (TGPJ). Among
the chemicals that caused liver injury to some extent, acetaminophen, bromobenzene and coumarin markedly altered the expression of GSH probe sets, whereas
clofibrate, thioacetamide, phenylbutazone, glibenclamide, hexachlorobenzene, aspirin, methapyrilene, chlorpromazine, carbon tetrachloride and perhexiline
maleate, did not. This result suggested that GSH probe sets would be useful for
evaluation of drug-induced hepatic glutathione depletion from microarray data. In
addition, the TGPJ database appeared to be an invaluable resource for validation of
identified marker genes for toxicogenomic use.
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ANALYSIS OF HYDROXYBUTENYL-VALINE ADDUCTS
IN RATS EXPOSED TO BUTADIENE

N. I. Georgieva, G. Boysen, K. Jayaraj, A. Gold and J. A. Swenberg. ESE,
University of North Carolina, Chapel Hill, NC.
Butadiene (BD) metabolism exhibits gender, species and concentration dependency, making difficult the extrapolation of animal results to humans. BD is metabolized mainly by P450 2E1 to 1,2-epoxy-3-butene (EB), 1,2:3,4-diepoxybutane
and 1,2-epoxy-3,4-butanediol. For accurate risk assessment it is important to have
an accurate measure for the internal formation of the individual epoxides and to develop scientifically based risk models. Analysis of N-terminal globin adducts is a
common approach for monitoring the internal formation of reactive metabolites.
We report herein the analysis of the EB derived hydroxybutenyl-valine (HB-Val)
adduct by a novel LC-MS/MS method. The procedure utilizes trypsin hydrolysis of
globin, immunoaffinity purification and subsequent quantitation by UPLC-ESIMS/MS of the alkylated heptapeptide, monitoring the transition from the singly
charged molecular ion of HB-Val (1-7) to the a1 fragment. Human HB-Val (1-11)
was synthesized and used for antibody production. As internal standard the stable
isotope labeled rat [13C515N]-Val (1-11) was prepared through direct alkylation of
the corresponding peptide with EB. Standards were characterized and quantitated
by LC-MS/MS and LC-UV. The method was validated with different amounts of
human HB-Val. The recovery was >75% and the CV <25%. The LOQ was set preliminary to 100 fmol/injection. Further on, globin samples from male and female
rats exposed to 1000 ppm BD for 90 days were analyzed. HB-Val amounts were
268 ± 56 and 350 ± 70 pmol/g globin for male and female, respectively. No HBVal was detected in controls. These data are much lower compared to previously reported, measured by GC-MS/MS, most likely due to (1) different internal standards, (2) higher specificity of the new method to the N-terminal valine of the
alpha chain, and (3) possible degradation of HB-Val during storage(>10 years).
This report demonstrates the suitability of this method to study the internal formation of EB in vivo.
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BIOMARKERS OF MANGANESE EXPOSURE IN BAY
BRIDGE WELDERS

R. Gwiazda1, H. A. Roels2, R. Park3, R. Bowler4, R. Lucchini5, 1 and D. Smith1.
1
University of California, Santa Cruz, Santa Cruz, CA, 2Universite Catholique de
Louvain, Brussels, Belgium, 3NIOSH, Cincinnati, OH, 4San Francisco State
University, San Francisco, CA and 5University of Brescia, Brescia, Italy.
Occupational exposure to manganese (Mn) is associated with emotional disturbances and subtle motor dysfunction. Identification of biomarkers of exposure and
effect are critical for the detection of individuals at risk from elevated occupational

and environmental Mn exposures. We investigated potential biomarkers of exposure in welders exposed in the construction of a section of Bay Bridge across the San
Francisco Bay. Welders working in confined spaces in cofferdams were exposed to
fumes with high Mn content (mean:0.209 mg/m3) for an average duration of 15
months, usually without respiratory protection. Cumulative inhaled Mn was calculated based on the amount of time each worker spent using different welding devices and the mean air Mn concentration near each device. Blood manganese concentrations (mean 9.57 µg/L, range: 5.13-14.15 µg/L, n=42) were significantly
correlated with cumulative inhaled Mn (p<0.01), but plasma and urine Mn were
not. No association was found between blood Mn concentration and average air
Mn levels. Because Mn in plasma was relatively invariant at 0.58 ± 0.13 µg/L over
the whole range of blood Mn concentrations, the fraction of Mn in plasma was inversely correlated with blood Mn and ranged between 9 and 2.5% of whole blood
Mn. In an animal study conducted to evaluate biomarkers of exposure, the concentration of Mn in plasma in Sprague-Dawley rats exposed i.p. 3 times/wk to MnCl2
for 15 weeks was also invariant over the same range of whole blood Mn concentrations observed in the welders. However, the fraction of Mn in rat plasma varied
from 20 to 50% of total blood Mn content, indicating a larger plasma Mn binding
capacity in rats’ blood than in human blood. These results indicate that in the case
of inhalation exposure to the respirable aerosol fraction (more than 90% in welding
fumes) blood Mn concentration is a more suitable biomarker of cumulative Mn exposure, than plasma or urine Mn concentration.
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DISPOSITION OF LEAD (PB) IN SALIVA, BLOOD
COMPONENTS, AND TISSUES FOLLOWING REPEAT
ORAL EXPOSURE IN THE RAT

W. Yantasee, R. A. Gies, H. Wu and C. Timchalk. Pacific Northwest National
Laboratory, Richland, WA.
There is interest in evaluating saliva as a non-invasive biomatrix for assessing Pb exposure. This study was conducted to evaluate the distribution of Pb in saliva relative to other tissues (i.e. blood & bone). Male S-D rats (5-7 per group) were given
oral gavage doses of Pb-acetate at 0, 1, 10 and 100 mg/kg/day, for 5 consecutive
days then held for an additional 5 days before analysis. Prior to sacrifice animals
were anethetized (ip; ketamine/xylazine) and administered pilocarpine (ip; 1
mg/kg) to induce salivation. Saliva was collected, animals were humanely sacrificed
and samples of blood, parotid gland, and bone were collected. Samples were
weighed and analyzed for Pb by ICP-MS, while saliva protein and amylase were determined spectrophotometrically. The concentration of Pb was evaluated in whole
blood (WB), red blood cells (RBC), plasma, bone, parotid gland, and saliva. Saliva
volume, pH, total saliva protein and amylase activity were also determined. The relative
concentration
of
Pb
followed
the
order:
bone>>RBC>WB>saliva>plasma≈parotid. For all tissues there was a dose-dependent increase in Pb concentration; however, only the bone Pb concentration increased proportionally with dose. Relative to controls the WB Pb concentrations
increased by factors of 0, 3, and 5 at doses of 1, 10 and 100 mg/kg/day, respectively.
Whereas for RBCs, the Pb concentrations increased by factors of 2, 6 and 18, respectively. For the saliva, plasma, and parotid gland, the measured Pb concentrations at 1 and 10 mg/kg/day were at or slightly above the controls, but increased by
factors of 2-3 following the 100 mg/kg/day dose. Under this experimental design,
the Pb exposures had no appreciable impact on saliva pH, protein concentration or
amylase activity. In the current study Pb was clearly quantifiable (73 ± 33 ng/ml) in
the saliva when WB Pb concentration was 136 ± 24 ng/ml. Future studies need to
evaluate effects of a more prolonged Pb exposure on Pb clearance and salivary gland
function. (Supported by NIH/NIESH grant 1 R01 ES010976-01A2)
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ERYTHROCYTES AS A USEFUL BIOLOGICAL MATRIX
FOR ASSESSMENT OF MANGANESE EXPOSURE
AMONG SMELTING WORKERS

L. Yang1, Y. Jiang2 and W. Zheng3. 1First Affiliated Hospital, Guangxi MED.
University, Nanning, China, 2Department of Occup Health & Toxicol, Guangxi
MED. University, Nanning, China and 3School of Health Sciences, Purdue University,
West Lafayette, IN.
Our precious human data suggest that red blood cells (RBC) may serve as a compartment in accumulation of manganese (Mn). This study aimed to explore the
utility of RBC in assessing Mn exposure by determining the levels or activities of essential elements and oxidative stress markers in erythrocytes among Mn-exposed
smelting workers. Concentrations of Mn, Zn, Cu, Fe, Ca, Mg, and malondialdehyde (MDA), and activities of superoxide dismutase (SOD), glutathione peroxidase
(GPX) and catalase (CAT) in erythrocytes were determined among 59 Mn-exposed
smelting workers whose breathing zone airborne MnO2 was 0.75 mg/m3 (0.191.60 mg/m3) and 59 control subjects whose airborne MnO2 was 0.01 mg/m3 (00.03 mg/m3). Neurological exams did not detect any clinical signs and symptoms
of manganism among these study participants. The mean concentrations of Mn
and Ca in RBC of smelting workers were significantly higher (+33.3%) and lower

(-16.8%), respectively, than those of controls. No significant difference was found
in RBC levels of Zn, Cu, Fe and Mg, and RBC activities of MDA, SOD, GPX, and
CAT between cases and controls. When both groups were stratified for work year as
of <5 yr, 5-10 yr, and >10 yr, a significant increase in RBC Mn (+33.3%) remained
evident in all 3 work year groups; yet Cu levels in RBC were significantly decreased
(-11.1%) in smelting workers with over 10 yr experience and so were RBC Fe levels
(-9.5%) in smelting workers with 5-10 yr experience, in comparison to the same
work year control subjects. Among stress markers tested, SOD activity in RBC
among 5-10 yr experience smelting workers was significantly higher (+27%) than
that of controls with the same work experience. Concentrations of all six metals in
the whole blood and plasma were not significantly different between smelting
workers and controls. These data indicate that erythrocytes appear to be a better biological matrix than conventional blood or plasma for assessment of Mn exposure.
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BRAIN MAGNETIC RESONANCE IMAGING AND
BLOOD LEVELS OF TRACE ELEMENTS AMONG
MANGANESE-EXPOSED STEEL WORKERS
X. Mo1, Y. Jiang2, L. Long3, W. Zhao1, X. Li3, S. Su4 and W. Zheng5.
1
Department Neurol, Guangxi MED. University, Nanning, China, 2Department Occ
Health & Toxicol, Guangxi MED. University, Nanning, China, 3Department
Radiology, Guangxi MED. University, Nanning, China, 4Guangxi Worker’s Hospital,
Nanning, China and 5Purdue University, West Lafayette, IN.
MRI has been suggested for diagnosis of manganism. However, the questions remain as to whether the pallidal signal intensity in T1-weighted MRI is correlated to
blood Mn and to what extent the MRI can reflect the real life Mn exposure. This
cross-sectional study aimed to use MRI to detect Mn exposure among workers. A
group of randomly selected 18 male Mn-exposed workers of which 13 were smelting workers with a high exposure (mean airborne Mn in work place: 0.72 mg/m3;
0.07-2.93 mg/m3, same below) and 5 power distribution workers with a low exposure (0.55; 0.09-1.71 mg/m3) from ferroalloy factories, and another group of 9
male control subjects(0.01; 0-0.03 mg/m3) from non-ferroalloy factories were recruited for neurological exams, MRI procedure, and analysis of Mn in the whole
blood (MnB), plasma (MnP) and red blood cell (MnRBC). No clinical symptoms
and signs of manganism were observed among Mn-exposed and control workers.
MRI data showed an average of 7.4% (p<0.05) and 16.1% (p<0.01) increases in
pallidal index (PI) among low and high exposed workers, respectively, as compared
to controls. Fourteen out of 18 Mn-exposed workers (78%) had an intensified PI,
while this proportion was even higher (85%) among the high Mn-exposed workers.
There was no statistically significant difference in concentrations of MnB, MnP
and MnRBC between Mn exposed and control workers. However, among steel
workers, the PI was significantly associated with MnRBC (r=0.55, p=0.02), less significantly with MnP (r=0.42, p=0.08), and not significantly with MnB (r=0.09,
p=0.72). No association was observed between the PI and Fe levels in the whole
blood, plasma or RBC. Our data suggest that the workers exposed to a high level of
airborne Mn, but without clinical symptoms, appeared to display an intensified
MRI signal. Thus, the MRI, as well as MnRBC, may be useful in early diagnosis of
Mn exposure.
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TOXICOGENOMICS AND BIOMARKER DISCOVERY
FOR THE PREDICTION OF LONG TERM TOXICITY
H. Gmuender1, C. Pallez1 and A. Hohn1. 1Genedata, Basel, Switzerland,
2
Genedata, Basel, Switzerland and 3Genedata, Basel, Switzerland. Sponsor: H. Ahr.
Toxicogenomics is a novel approach for predicting a compound’s toxicity using
gene, protein or metabolite expression information. Changes to the expression profile following exposure to a drug are interpreted using knowledge of gene function
and other biological information, including conventional long term toxicology results. We present evidence that toxic exposure to known genotoxic hepatocarcinogens is manifest in the expression profile following just 10 days of chronic exposure.
To gain information on the toxic mode of action (MOA) we applied promoter and
pathway analysis software tools for the identification and characterization of novel
gene regulation mechanisms that are relevant for the cell’s response to DNA damage. The results demonstrate that expression data from genes, proteins and metabolites can be used to build reference libraries of known compounds against which
novel compounds can be tested. Biomarker candidates can then be deduced from
such libraries and further characterized to determine the causal relationship between the biomarker and toxicity in animal models and in humans.
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HEMOGLOBIN ADDUCT AS EXPOSURE MARKERS OF
CHEMICAL SUBSTANCES
M. Ogawa, T. Oyama, T. Isse, T. Murakami, T. Yamaguchi, T. Kinaga and T.
Kawamoto. Department of Environmental Health, University of Occupational and
Environmental Health, Japan, Kitakyushu, Japan.
Recently, a lot of new biomarkers have been studied in addition to classical biomarkers, such as chemical substances and their metabolites in blood and urine, and
deviating enzymes. Among new biomarkers, hemoglobin adduct is thought to be
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useful. We reviewed hemoglobin adducts in humans in order to obtain the basic
data whether hemoglobin adducts are effective or not, in the exposure assessment
of chemical substances. We have reviewed nine substances, that is styrene, styrene
oxide, 4,4’-methylendiphenyl diisocyanate (MDI), 4,4’-methylendianiline (MDA),
butadiene, ethylene oxide, propylene oxide, acrylamide and acrylnitrile. Among
these substances, hemoglobin adduct levels elevated after exposure of styrene,
MDI, MDA, butadiene, ethylene oxide, acrylamide and acrylnitrile. Moreover hemoglobin adducts of butadiene, ethylene oxide, acrylamide and acrylnitrile are advantageous in the following respects in exposure assessment. Hemoglobin adduct
of butadiene is even stronger biomarker of exposure than urinary metabolite.
About ethylene oxide, although the concentration of ethylene oxide-hemoglobin in
blood of workers does not exceed the value of the German exposure equivalent, a
significant difference is found between the workers and the control group.
Hemoglobin adducts of acrylamide and acrylnitrile can reflect the exposure because
there are no approximate urinary metabolites of acrylamide and acrylnitrile in exposure assessment. In addition to the advantage mentioned above, hemoglobin
adducts are superior to DNA adducts in the points of accessibility in large
amounts, availability of methods for chemical identification, and well-determined
life span due to absence of repair. Hemoglobin adduct can be the effective biomarker in exposure estimation.
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VARIATION IN BIOLOGICAL RESPONSES TO
PEROXISOME PROLIFERATORS BETWEEN MOUSE
STRAINS

C. G. Woods1, A. M. Burns1, A. Maki1, B. U. Bradford1, D. W. Threadgill1,
M. L. Cunningham2 and I. Rusyn1. 1University of North Carolina - Chapel Hill,
Chapel Hill, NC and 2Nat’l Cntr. for Toxicogenomics and Nat’l Toxicology Program,
NIEHS, Research Triangle Park, NC.
Peroxisome proliferators (PP) are a widely studied class of chemicals and they have
been identified as non-genotoxic rodent carcinogens. Inter-species (rodent to
human) variability in response to these compounds is thought to be, at least in part,
a result of differential expression of peroxisome proliferator activated receptor
(PPAR)α in liver parenchymal cells. Previous research conducted in PPARα-null
mice demonstrated that this nuclear receptor is required for PP-induced liver tumor
formation. Several inbred strains have varying levels of basal PPARα expression in
liver. Thus, we hypothesized that the magnitude of PP-induced responses should
correlate with expression of PPARα. Mice from 10 strains were fed either control or
WY-14,643 containing diets (0.1% w/w) for up to 5 weeks. Changes in liver and
body weight, cell proliferation, and clinical chemistry endpoints were measured.
Though PPARα gene expression varied as much as 3-fold between strains, no significant inter-strain differences in cell proliferation, or liver-to-body weight ratio
were observed. However, we observed marked differences in PP-induced alterations
in serum triglycerides, glucose, and creatinine, and timed-dependent weight loss
which suggests that a wide variation in stimulation of fatty acid and energy metabolism in response to PPs exists between strains. Interestingly, liver toxicity was also
observed as early as 1 week of treatment. Strains with the greatest ALT (>1200 U/L)
increases at 5 weeks also exhibited the highest serum levels of total bilirubin.
However, no serum marker showed a clear correlation with basal expression of
PPARα. We conclude that despite varying receptor expression and inter-strain differences in responses to PPs, the uniform increase in liver cell proliferation in all
strains of mice suggests that differences in PPARα expression alone is not sufficient
for mediating the long-term effects of these compounds. Supported by ES11391,
ES11660
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THE DEVELOPMENT OF AN IN VITRO ASSAY FOR
EVALUATING THE BINDING OF PERFLUOROALKYL
ACIDS (PFAAS) TO THE PEROXISOME PROLIFERATORACTIVATED RECEPTORS (PPARS)

M. L. Takacs and B. D. Abbott. USEPA, NHEERL, Research Triangle Park, NC.
The purpose of this work was to evaluate the binding of PFAAs to PPARs and determine the potential for activation or antagonism of the pathway during embryonic development. Activation of mouse and human PPAR isoforms by perfluorooctanoic acid (PFOA) and perfluorooctanesulfonate (PFOS) was investigated using a
transient transfection cell assay. Cos-1 cells were cultured in DMEM with fetal
bovine serum (FBS) and transfected with mouse or human PPARα Luciferase reporter plasmids in 96-well plates. To evaluate PPARα activation, cells were exposed
to freshly prepared solutions of PFOA (0.5- 40 µM), PFOS (1-250 µM), the
PPARα agonist (WY14643 [10 µM]), or antagonist (MK866 [20 µM]), positive
(agonist and antagonist), and negative control (DMEM, water, and 0.1% DMSO).
Activity was measured using the Luciferase reporter assay following treatment for
24 hours. PFOA maximally activated mouse PPARα at 40 µM with a 1-2 fold inhibition when challenged with MK866. Human PPARα had maximal activity at
30-40 µM PFOA with a 2-3 fold inhibition by MK866. PFOS maximally activated
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mouse and human PPARα at 120 µM with a 1-2 fold inhibition for mouse PPARα
and a 1-3 fold inhibition for human PPARα by MK866. The suppression of activity by the antagonist was not significant in the mouse PPAR α construct exposed to
PFOA or PFOS. However, in the human PPAR α construct there was a significant
difference in suppression at 3, 10, 15, 20, 30, and 40 µM for PFOA (P<0.05) and
10, 60, 90, and 120 µM for PFOS (P<0.05). In conclusion, this study has characterized the dose response and differences between mouse and human PPARα activation by PFOA and PFOS. On-going work will use this model to evaluate other
PFAAs and extend the method to mouse and human PPARβ and γ. This abstract
does not necessarily reflect U.S. EPA policy.
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NEW TRICKS FROM AN OLD DOG: ACTIVATION OF
PEROXISOME PROLIFERATOR-ACTIVATED
RECEPTORβ/δ (PPARβ/δ) BY 4-HYDROXYNONENAL

J. D. Coleman, S. K. Prabhu, J. T. Thompson and J. P. Vanden Heuvel.
Veterinary and Biomedical Sciences, Pennsylvania State University, State College, PA.
The peroxisome proliferator-activated receptors (PPARs) are nuclear receptors that
exist as three subtypes (α, β and γ) that vary in expression, ligand recognition and
biological function. PPARβ is the least understood member of this sub-family, but
it is expressed in most tissues, has a role in epithelial cell differentiation and is activated by fatty acids and their oxidation products. Recent evidence suggests PPARβ
also has a hepatoprotective effect against a wide variety of toxicants. The purpose of
these studies was to identify endogenous activators for PPARβ. Lipoprotein lipasetreated oxidized VLDL (oxVLDL) resulted in a dose-dependent activation of
PPARβ in transient transfection reporter assays. Two components of oxVLDL, 13S-hydroxyoctadecadienoic acid (13(S)-HODE) and 15-hydroperoxyeicosatetraenoic acid (15-HETE), were confirmed as PPARβ agonists. Importantly, a
breakdown product of these lipid intermediates, 4-hydroxynonenol (HNE), is a ligand and activator of PPARβ. This highly toxic aldehydic product of lipid peroxidation is often a marker of oxidative stress. In addition to activating PPARβ in transient transfection assays, 4-HNE regulates target gene expression in hepatocytes in
a PPARβ-dependent manner. This is the first report of a direct effect of 4-HNE on
a nuclear receptor and provides one explanation for the hepatoprotective effect of
PPARβ whereby gene expression is regulated to increase the breakdown of toxic
lipids.

197

PEROXISOME PROLIFERATOR-ACTIVATED RECEPTOR
α IS REGULATED BY GSK3

K. A. Burns and J. P. Vanden Heuvel. Center for Molecular Toxicology and
Carcinogenesis, The Pennsylvania State University, University Park, PA.
PPARα (peroxisome-proliferator-activated receptor α) is a member of the nuclear
hormone receptor family of transcription factors that is involved in the control of
fatty acid catabolism. Much interest has focused on the regulation of PPARα activity by phosphorylation. Phosphorylation of PPARα by MAPK, PKA and PKC has
been shown to regulate its activity; however, it is likely that other kinases are involved in PPARα regulation. Of the predicted phosphorylation sites within
PPARα, five are conserved GSK3 (glycogen synthase kinase 3) sites. GSK3 is a serine/theronine kinase that is involved in cell cycle regulation and insulin signaling.
In this study, we show that PPARα is directly phosphorylated at serine residues in
the A/B (AF-1) domain by GSK3. In COS-1 cells transfected with a PPRE (peroxisome-proliferator response element)-driven or chimeric Gal4-based reporter plasmids, GSK3 enhanced basal activity levels and ligand-dependent transactivation of
PPARα. Additional reporter studies were performed with several known PPARα
co-activators including CITED-2, PBP, PGC-1, SRA, and SRC-1. These results indicated that the addition of GSK3 dramatically increases the co-activation of PGC1, a transcriptional co-activator involved in energy metabolic gene regulation and
mitochondrial biogenesis. These results show that two proteins important in cell
cycle regulation, fatty acid oxidation, obesity and diabetes, namely PPARα and
GSK3, are directly and functionally connected. (Funded by NIH ES007799)
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CHARACTERIZATION OF PPAR-INDUCED MYOPATHY
IN DIABETIC AND NONDIABETIC RATS

B. Faiola1, D. Hoivik1, B. Romach1, R. Peterson1, B. Berridge1, H. Jordan1,
M. Keener1, C. Poole2, T. Borts1, W. Casey1 and R. Miller1. 1Safety Assessment,
GlaxoSmithKline, Research Triangle Park, NC and 2Drug Metabolism and
Pharmacokinetics, GlaxoSmithKline, Research Triangle Park, NC.
Peroxisome proliferator-activated receptors (PPAR) α, δ, and γ are important regulators of energetics (lipid metabolism) in numerous tissues, including muscle. The
therapeutic use of fibrates for the treatment of dyslipidemia has been associated
with the untoward, though infrequent, side effect of myopathy, the mechanism of

which may partly be due to oxidative stress. Studies were undertaken to identify
and characterize animal models with differing levels of susceptibility to PPAR ligand-induced myopathy to ultimately develop in vivo systems for understanding the
mechanism of and developing biomarkers for the muscle effects. Male Sprague
Dawley™ (CD) and Zucker Diabetic Fatty (ZDF) obese rats were administered
fenofibrate (α agonist) or a tool compound, GW0742 (δ agonist) or compound 3
(αγδ agonist), for up to 42 days and male ZDF lean rats were given GW0742 for
up to 14 days. Treatment-related skeletal myopathy was noted with each agonist
tested in each strain and correlated with serum aldolase levels, a marker of striated
muscle injury. Despite comparable systemic exposures among strains, ZDF obese
diabetic rats had a lower incidence and severity of myopathy compared with CD
and ZDF lean rats. The muscle bed most commonly affected varied with strain and
ligand. Immunoreactivity of the peroxisomal proteins catalase and PMP-70, but
not the mitochondrial protein F1F0-β, was increased in skeletal muscle and liver of
CD and ZDF obese rats after treatment with each ligand (ZDF lean rats not
tested). The qualitative increase in peroxisomes was independent of microscopic evidence of damage. Immunohistochemistry was also performed for muscle fiber typing. Total blood glutathione levels were decreased with each agonist tested in each
strain. Thus, the diabetic state of ZDF obese rats confers partial resistance to PPAR
ligand-induced myopathy, possibly due to increased substrate availability for β-oxidation and/or prior induction of antioxidant pathways.
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A COMPARATIVE ANALYSIS OF PPAR AGONISTS IN
RODENT AND CANINE HEPATOCYTES: AN
INVESTIGATION INTO SPECIES SPECIFIC RESPONSES

Y. Guo, R. Jolly, J. Stutz, M. Huffman, G. Searfoss, H. Gao, A. Irizarry, T.
Baker, J. Stevens and T. Ryan. Eli Lilly & company, Greenfield, IN. Sponsor: C.
Thomas.
Marked species-specific responses to PPARα agonists have been observed in dog
and rat. We hypothesized that these responses were due to fundamental differences
in peroxisomal and mitochondrial perturbation, organelles postulated to be important in PPAR pharmacology and toxicity. In this study, we deployed in vitro hepatocyte model systems to elucidate mechanisms underlying species-similar and
species-specific responses to PPAR agonists. Two prototypical PPARα agonists,
Fenofibrate and Wy 14643, and a PPARα and γ coagonist were chosen to explore
PPAR-mediated metabolic regulation by correlating gene expression profiles with
biochemical activities between species. Upon treatment, rat hepatocytes showed an
increase in peroxisome number using electron microscopy to evaluate hepatocyte
ultrastructure. An increase in peroxisome number was not observed in dog hepatocytes. Biochemical analysis showed that dog hepatocytes exhibited a minimal increase in mitochondrial β-oxidation and no increase in peroxisomal β-oxidation in
response to PPAR agonist treatment. In contrast, rat hepatocytes responded to
PPAR agonists robustly as evidenced by induction of both mitochondrial and peroxisomal β-oxidation. Analysis by quantitative real time PCR confirmed that PPAR
agonists induced peroxisomal β-oxidation marker genes in rat but not in dog hepatocytes. However, PPAR agonists drove the increased expression of the mitochondrial β-oxidation marker gene in both rat and dog. Microarray analysis revealed significant species differences in lipid metabolism, energy homeostasis and
mitochondrial bioenergetics, which allows new insight into the species-specific responses to PPAR agonist treatment. In total, we provide evidence that dog and rat
primary hepatocytes, coupled with genomics, can be used as powerful tools to elucidate pharmacology and toxicity of PPAR agonists.
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DIFFERENTIAL GENE EXPRESSION IN LIVER
ASSOCIATED WITH THE HEPATOPROTECTIVE
EFFECT OF PEROXISOME PROLIFERATORS

J. S. Moffit1, P. H. Koza-Taylor2, R. D. Holland3, R. D. Beger3, M. P. Lawton2
and J. E. Manautou1. 1Department . of Pharmacology. Sciences., University of
Connecticut, Storrs, CT, 2Groton Laboratories, Molecular and Investigative
Toxicology, Pfizer, Inc., Groton, CT and 3Division of Chemistry, National Center for
Toxicological Research, Jefferson, AR.
Pretreatment of mice with the peroxisome proliferator clofibrate (CFB) protects
against acetaminophen (APAP)-induced hepatotoxicity. Previous studies have
shown that activation of the nuclear peroxisome proliferator activated receptor α
(PPARα) by CFB is necessary for hepatoprotection. Since the mechanism of protection is not entirely known, the present study utilizes gene expression profiling
analysis to identify potential mechanistic pathways of PPARα-mediated protection.
Hepatic gene expression was compared between the PPARα-null and wild-type
mice. Mice were pretreated with CFB (500mg/kg, i.p., daily for 10 days) and challenged with APAP (400mg/kg, p.o.). Total hepatic RNA was isolated 4 hours after
APAP treatment and hybridized to Affymetrix Mouse Genome U74Aver2
GeneChips. Gene expression analysis was performed utilizing GeneSpring software
to determine differentially expressed genes (fold change > 2.0, p < 0.05). This

analysis identified 42 genes of interest including cell cycle regulators, fatty acid metabolizing enzymes, and aldehyde dehydrogenase 2, an acetaminophen binding
protein. Of interest, vanin-1 was induced 7-fold in CFB pretreated wild-type mice
compared to vehicle and 54-fold in CFB pretreated wild-type mice compared to
PPARα-null mice receiving CFB. Induction of vanin-1 gene expression was confirmed with RT-PCR analysis using specific mouse primers. Vanin-1 may be of importance to CFB-mediated hepatoprotection because it is associated with cysteamine synthesis, a potent antioxidant capable of ameliorating APAP toxicity in
rodents and humans. HPLC-ESI/MS/MS analysis of liver extracts indicates that
enhanced gene expression of vanin-1 results in elevated cysteamine levels, possibly
providing a mechanism for CFB-mediated hepatoprotection.
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MICE WITH PPARα KNOCKDOWN BY siRNA ARE
TRANSCRIPTIONALLY AND PHENOTYPICALLY
COMPARABLE TO PPARα KNOCKOUT MICE

A. T. De Souza1, X. Dai1, A. G. Spencer2, T. Reppen2, A. Menzie2, P. L.
Roesch2, Y. He1, M. J. Caguyong1, S. Bloomer1, H. Herweijer2, J. A. Wolff2, J.
E. Hagstrom2, D. L. Lewis2, P. S. Linsley1 and R. G. Ulrich1. 1Rosetta
Inpharmatics, Merck & Co. Inc., Seattle, WA and 2Mirus Bio Corporation, Madison,
WI.
The use of RNA interference (RNAi) to perturb gene function in vivo has proved
successful in lower eukaryotes but delivery into mammalian cells represents a
greater challenge. In particular, the metabolic specificity of response to RNA silencing is not fully understood and a direct comparison of the global transcriptional response between a null phenotype and the corresponding siRNA silenced version
has not been reported. In three experiments targeting peroxisome proliferator activated receptor alpha (Ppara), C57BL/6 mice were hydrodynamically injected via
the tail vein with siRNA1, 2 and 3. Livers were harvested at 24, 48 and 96 hr.
Quantitative PCR data for Ppara liver expression across all experiments correlated
significantly (r=0.81, p<0.001) with high density microarray data. At 24 hr, maximal Ppara knockdown was ~60%. Using the Resolver® v5.0 gene expression data
analysis system, we identified 622 genes that correlated (r>0.7, p<1x10-8) with
Ppara expression and identified with fenofibrate treatment (200 mg/kg/d) both
proximal and distal Ppara on-target effects. The expression of these 622 genes when
projected onto all experimental microarray responses and that of Ppara-/- mice revealed high concordance with signatures observed for Ppara siRNA1-, 2- and 3treated animals up to 96 hr. Blood chemistry revealed that by 24 hr, treated animals
developed hypoglycemia and hypertriglyceridemia commensurate with on-target
responses observed with the Ppara-/- phenotype when fasted. Our results show that
there is significant transcriptional conformity between Ppara knockdown and
Ppara-/- mice that is accompanied by similar and expected phenotypic alterations
and demonstrates that profiling is informative of altered metabolic processes resulting from RNAi.
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INDUCTION OF HEPATIC TRANSPORTERS MRP3 AND
MRP4 BY CLOFIBRATE IS REGULATED BY PPARα

J. E. Manautou1, J. S. Moffit1, L. M. Aleksunes1, J. M. Maher2, G. L. Scheffer3
and C. D. Klaassen2. 1Department . of Pharmacology. Sciences., University of
Connecticut, Storrs, CT, 2Department . of Pharmacology, Toxicology, and
Therapeutics, University of Kansas Medical Center, Kansas City, KS and 3Department
. of Pathology, VU Medical Center, Amsterdam, Netherlands.
Hepatic transporters play a vital role in the disposition of endogenous compounds
and xenobiotics in the liver. The current study investigates the expression and regulation of hepatic efflux transporters in response to treatment with the PPARα agonist clofibrate (CFB). Changes in mRNA and protein levels for several hepatic
transporters were assessed in male CD-1 mice after 10 days of CFB dosing
(500mg/kg, i.p.). Administration of CFB up-regulated gene expression for breast
cancer resistance protein (Bcrp) and multidrug resistance-associated proteins 3 and
4 (Mrp3 and Mrp4, respectively). Western blot analysis confirmed that CFB enhances protein expression of liver Bcrp, Mrp3, and Mrp4 in CD-1 mice. To further
characterize the regulation of these hepatic transporters, CFB-mediated changes in
transporter gene expression were assessed in wild-type (sv/129) and PPARα-null
male mice. Wild-type mice treated with CFB showed similar changes in gene expression for all of these transporters, whereas the PPARα-null mice did not.
Although, protein expression of Mrp3 and Mrp4 in the wild-type mice correlated
well with changes in mRNA levels, Bcrp protein was not up-regulated by CFB
treatment. These results show that PPARα activation by CFB coordinately regulates the hepatic efflux transporters Mrp3 and Mrp4. Induction of Mrp3 and Mrp4
by CFB may alter the disposition of toxicants and xenobiotics that are substrates for
these transporters.
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MECHANISTIC INVESTIGATIONS ON MOUSE
SPECIFIC TOXICITY WITH A PPARα/γ CO-AGONIST

F. Boess, L. Suter, E. A. Atzpodien, G. Hoffmann and M. Bopst. Non-Clinical
Development, F. Hoffmann - La Roche LTD., Basel, Switzerland.
Preclinical studies with a new PPARα/γ co-agonist showed unexpected severe toxicity in CD1-mice. The main target organ was the liver, showing dose dependent coagulative necrosis. Also, the compound caused degeneration of heart and skeletal
muscle, and brown adipose tissue. No such findings were observed in rats or monkeys at comparable exposures. Further studies, including DMPK, toxicogenomics,
and in vitro analyses were performed to investigate this species specific toxicity.
The toxicity was reproducible in CD1 mice and confirmed in C57BL6 mice.
Clinical chemistry revealed pronounced increases in ALT, AST and ALP and lowering of plasma cholesterol (-70%) and triglycerides (-90%). Multiple applications of
14C-labeled compound to mice showed that plasma but not liver concentrations
increased after repeated dosing, while no increase in exposure was observed in rats
or monkey after multiple dosing. The increase of plasma concentration in mice did
not precede but rather paralleled the onset of liver toxicity, suggesting that accumulation is not the cause of toxicity. No major difference in the metabolism of the
compound was observed between rats and mice, in particular there was no species
specific metabolite that could account for the toxicity. Gene expression analysis in
mouse livers revealed the expected PPARα-related signals. In addition, effects on
lipolysis were detected, including a strong induction of fatty acid binding protein 4.
The induction of this gene could be associated with the toxicity, since it was not induced by the compound in rat livers. Gene expression analysis also showed some evidence of apoptosis and mild inflammation. In vitro experiments using primary hepatocytes from mice and rats showed similar cytotoxicity in both species. However,
a dose dependent decrease of intracellular GSH was observed in mouse but not in
rat cells, indicating a difference in response between the species also in vitro.
The data support the species difference between mouse and rat, but do not allow
for a conclusive mechanistic explanation or an extrapolation to man.
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IDENTIFICATION OF AUTOANTIBODIES TO
ALDOLASE B IN SERA FROM PATIENTS WITH
TROGLITAZONE-INDUCED LIVER DYSFUNCTION

T. Yokoi1, R. Maniratanachote1, A. Shibata1, S. Kaneko2, I. Yamamori3, T.
Wakasugi4, T. Sawazaki5, K. Katoh6, S. Tokudome7 and M. Nakajima1. 1Drug
Metabolism and Toxicology, Faculty of Pharmaceutical Sciences, Kanazawa University,
Kanazawa, Japan, 2Graduate School of Medicine, Kanazawa University, Kanazawa,
Japan, 3Nagoya First Red-Cross Hospital, Nagoya, Japan, 4Fukui Prefectural
Hospital, Fukui, Japan, 5Hitachi Chemical Co. LTD., Hitachi, Japan, 6Institute of
Developmental Research, Aichi Human Service Center, Aichi, Japan and 7Dokkyo
University School of Medicine, Tochigi, Japan. Sponsor: T. Yoshida.
Troglitazone (TRO) is a thiazolidinedione antidiabetic agent with insulin-sensitizing activities. This agent has been withdrawn from the market due to its association
with idiosyncratic hepatotoxicity. To address the susceptible autoantibody production associated with TRO, we investigated autoantibodies in sera from patients
with type II diabetes mellitus who suffered from TRO-induced liver dysfunction.
Two female patients (47- and 70-year old) ceased taking TRO (400 mg/day) in
23.5 and 16 weeks, respectively, due to increased serum ALT. Using two-dimensional electrophoresis and amino acid sequence analyses, aldolase B was identified
as an autoantigen that reacted with antibodies in the sera from both patients. The
titers of anti-aldolase B remained high for several weeks after stopping TRO administration. The mean reactivity of autoantibodies to aldolase B determined by
ELISA with sera of patients with chronic hepatitis (n=40) and liver cirrhosis (n=40)
was significantly higher (p<0.05 and p<0.001, respectively) than with sera of
healthy subjects (n=80). These findings suggest that liver damage may provoke the
appearance of autoantibodies to aldolase B. The autoantibodies may possible play a
role in the aggravation of the liver dysfunction.
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DIFFERENTIAL GENE EXPRESSION IN PRIMARY
HEPATOCYTES EXPOSED TO THE PEROXISOME
PROLIFERATORS ACTIVATED RECEPTOR-α AGONISTS

L. Guo1, H. Fang1, S. Dial1, E. Blann1, J. Collins2 and Y. Dragan1. 1Division of
Systems Toxicology, National Center for Toxicological Research, Food and Drug
Administration, Jefferson, AR and 2Agilent Technologies, Inc., Palo Alto, CA.
Agonists of peroxisome proliferator-activated receptor alpha (PPAR-α) and are a
unique class of nongenotoxic hepatocarcinogens. The hypolipidemic fibrate drugs
are an important class of PPAR-α agonists. Activation of PPAR-α leads to a cascade
of events that result in tumorigenesis in the liver of rodents. To date, 30 PPAR-α
agonists include fibrates found to be associated with induction of hepatocellular
carcinoma in rodents (rats and mice). The tumorigenic response maybe related to
both the oxidative stress and increased cell proliferation observed after treatment
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with these chemicals. However, it has been demonstrated that non-rodent species
are refractory to the induction of peroxisome proliferation. The mechanisms for
cross-species differences in response to the induction of hepatocarcinogenesis are
poorly understood.
In this study, rodent and human primary hepatocytes were exposed to three PPARα agonists (i.e., bezafibrate, fenofibrate and Wy14643) at the multiple dose levels
(10 µM, 30 µM and 100 µM) for 24 hours. Transactivation stimulation of PPARα was measured by luciferase assay, and transactivation was elevated when rat primary hepatocytes were exposed to these chemicals. Gene expressions of CYP4A1
and ACOX were evaluated by real-time PCR and the expression of CYP4A1 was increased 40 fold and the expression of ACOX was increased 10 fold upon treatment
of PPAR-α agonists in rat hepatocytes. Global gene expression profiles responses to
PPAR-α agonists were obtained by microarray analysis. Genes significantly altered
by PPAR-α agonists are mainly involved in the pathways of PPAR signaling, leptin
signaling and free fatty acid signaling.
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MICROARRAY ANALYSIS OF CLOFIBRIC ACIDEXPOSED HUMAN AND RAT PRIMARY CULTURED
HEPATOCYTES AND CLOFIBRATE-TREATED RAT
LIVER; EXTRAPOLATION OF CLOFIBRATE-INDUCED
RNA EXPRESSION TO HUMAN?

S. Ogata1, Y. Suzuki1, T. Kitazima1, K. Ito1, N. Kiyosawa1, K. Watanabe1, N.
Niino1, M. Kanbori1, T. Yamoto1, S. Manabe1, T. Fischer2, J. Mueller2 and M.
Teranishi1. 1Medicinal Safety Research Laboratories, Sankyo Co., LTD., Fukuroi,
Shizuoka, Japan and 2Drug Metabolism Department, Sankyo Pharma GmbH,
Munich, Germany.
In order to validate a study system to extrapolate drug-induced toxic changes to humans, microarray analyses were conducted on clofibric acid (an active metabolite of
clofibrate)-exposed human and rat hepatocytes and clofibrate-treated rat livers and
the common gene expressions between the three test systems were examined for
possible extrapolation to humans.
In the rat hepatocytes exposed to 0.1 and 1 mM clofibric acid, the expression of
259 genes increased and that of 427 genes decreased. In the liver of rats administered 200mg/kg clofibrate, expression of 113 genes increased and that of 64 genes
decreased. In the cultured human hepatocytes exposed to 1.25mM clofibric acid,
the expression of 8 genes increased and 3 genes decreased.
Comparison of RNA expression between human and rat hepatocytes revealed common increases in fatty acid binding protein (FABP) and pyruvate dehydrogenase kinase 4 (PDK4). An increase in PDK4 was also observed in the liver of clofibratetreated rats. The increase in FABP was not observed in vivo.
Even though the expression of many genes changed due to the clofibric acid or
clofibrate in the rat hepatocytes and liver, the expression of limited genes changed
in human hepatocytes after exposure to clofibric acid. This study confirmed species
difference in clofibric acid or clofibrate-induced RNA expression between humans
and rats and ascertained the differences in RNA expression between in vivo rat livers and in vitro rat hepatocytes. PDK4 was the only gene which was increased by
clofibrate and clofibric acid in human and rat hepatocytes (in vitro) and in rat liver
(in vivo) in this study. Thus, it may be possible to extrapolate the induction of
PDK4, an enzyme relating to hypolipidemic effect, into human in vivo.
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PPARβ MODULATION OF GENE EXPRESSION IN A
DIETARY MODEL OF NONALCOHOLIC
STEATOHEPATITIS

M. A. Peraza, M. J. Kennett and J. M. Peters. Department of Veterinary and
Biomedical Sciences, Center for Molecular Toxicology and Carcinogenesis, The
Pennsylvania State University, University Park, PA.
Nonalcoholic steatohepatitis (NASH), an advanced stage of liver injury associated
with obesity, type 2 diabetes, and hyperlipidemia, is characterized by hepatic steatosis associated with lipid peroxidation, inflammation, and fibrogenesis and can
progress to cirrhosis and liver cancer. The mechanisms that mediate transition from
steatosis to NASH remain unclear. Previous work linked peroxisome proliferatoractivated receptorβ (PPARβ) to liver toxicity in a mouse model of dietary-induced
NASH. Wild-type (+/+) and PPARβ-null (–/–) mice were fed a methionine and
choline deficient (MCD) diet and a marginal MCD diet for 5 and 10 weeks. While
the previous studies demonstrated that PPARβ may be involved in mediating the
mechanisms leading to NASH, histological evidence from mice fed the marginal
MCD diet showed the presence of hyperplastic lesions in (–/–) mice but not in
(+/+) mice, suggesting that PPARβ also attenuated hepatic injury. The present
study further investigated the function of PPARβ by evaluating changes in gene expression by Northern blot and quantitative real-time RT-PCR for markers associated with NASH. Although administration of MCD diets induced expression of
genes involved in oxidative stress (CYP4A14) and inflammation (TNFα, IL-6) and
reduced expression of genes involved in fatty acid synthesis and metabolism

(SREBP1c, SCD1, FABP), differences between (+/+) and (–/–) mice were not observed. Additionally, despite histological evidence of fibrosis in (–/–) mice but not
in (+/+) mice, differences between genotypes in the expression of fibrogenic markers (SMA and Col1A1) were not detected. Thus, no significant changes in gene expression were detected between genotypes that could explain the differences in phenotype. However, additional studies implementing ligand activation of PPARβ
would more specifically determine the role of this transcription factor in mechanisms of NASH.
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β-NAPHTHOFLAVONE INDUCES TRANSCRIPTION OF
CONSTITUTIVE ANDROSTANE RECEPTOR IN
C57BL6/J MICE

R. D. Patel, B. D. Hollingshead and G. H. Perdew. Center for Molecular Toxicology
and Carcinogenesis, The Pennsylvania State University, University Park, PA.
The aryl-hydrocarbon receptor (AhR) is a bHLH/PAS transcription factor and can
be activated by exogenous as well as endogenous ligands. On activation, the AhR
translocates to the nucleus and modulates the transcription of an array of genes.
The AhR is traditionally associated with xenobiotic metabolism. In an attempt to
identify novel target genes, C57BL6/J mice were treated with β-naphthoflavone
(BNF), a known AhR ligand, and genome-wide expression analysis studies were
performed using high-density microarrays (Affymetrix, CA). Data analysis revealed
changes in mRNA levels detected by 128 probe-sets, one of them representing the
constitutive androstane receptor (CAR). Real-time semi-quantitative polymerase
chain reaction (qPCR) verified this increase in CAR mRNA level. Subsequent studies were focused on the characterization of this putative novel AhR target gene.
Time-course studies in mice revealed that the regulation of CAR mRNA mimicked
that of the known AhR-regulated gene, Cyp1a1, although the level of induction
was relatively lower. In order to demonstrate that the increase in CAR mRNA
translates to a corresponding increase in functional CAR protein, mice were sequentially treated with BNF (6 hours) followed by the selective CAR agonist,
TCPOBOP (3 or 6 hours). qPCR revealed an increase in the mRNA level of
Cyp2b10 and Gsta1 which are known to be regulated by CAR. Absence of a consensus dioxin-responsive-element in -5000 to +1000 bases of the mouse CAR promoter sequence warrants confirmation of the direct role of AhR in upregulating
CAR transcription. Studies in Hepa1c1c7 cells using TCDD, a known AhR ligand,
demonstrated an increase in CAR mRNA which was blocked by cyclohexamide
pre-treatment, suggesting that AhR-mediated increase in CAR mRNA is a secondary effect. The function of the activated AhR in CAR transcription needs to be further defined. This study identifies a novel mode of inducing transcription of CAR
and potentially expands the role of AhR in drug metabolism.
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MECHANISMS OF INHIBITORY ARYL HYDROCARBON
RECEPTOR-ESTROGEN RECEPTOR A/SP1 CROSSTALK
IN BREAST CANCER CELLS

S. Liu1, S. Khan2, R. Barhoumi3, R. Burghardt3, K. Kim2 and S. Safe1, 2.
1
Institute of Biosciences and Technology, Texas A&M University Health Science Center,
Houston, TX, 2Department of Veterinary Physiology & Pharmacology, Texas A&M
University, College Station, TX and 3Department of Veterinary Integrated Biology,
Texas A&M University, College Station, TX.
17beta-Estradiol (E2) induces expression of several genes in estrogen receptor (ER)positive breast cancer cell lines through ERa/Sp1 interactions with GC-rich promoter elements that bind Sp1 and not ERa. The trifunctional carbamoylphosphate
synthetase/aspartate carbamyl transferase/dihydroorotase (CAD) gene is E2-responsive through interaction of ERa/Sp1 with proximal GC-rich motifs at -75 to 39. In MCF-7 or ZR-75 cells, E2 induced CAD mRNA levels (3- to 4-fold), and in
cells cotreated with E2 plus 10 nM 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD),
the hormone-induced response was inhibited. The mechanism of inhibitory aryl
hydrocarbon receptor (AhR)-ERa/Sp1 crosstalk was investigated using the chromatin immunoprecipitation (ChIP) assay which examines transcription factor interactions with the GC-rich region of the CAD promoter. Sp1, ERa, AhR and AhR
nuclear translocator (Arnt) proteins were constitutively bound to the CAD gene
promoter in MCF-7 or ZR-75 cells treated with DMSO (solvent control), and
comparable protein-promoter interactions were observed after treatment for 1 hr
with 10 nM E2, 10 nM TCDD or their combination. The RT-PCR band for ERa
(bound to the CAD promoter) was slightly decreased after cotreatment with E2
plus TCDD for 1 hr. The time-dependent effects of E2 plus TCDD treatment
showed that after 2 hr, there was a decrease in the interaction of ERa and an increase in the binding of AhR on the CAD gene promoter, whereas this treatment
induced a > 5-fold increase in both AhR and ERa binding region of the dioxin response element in the CYP1A1 promoter. These results and other studies suggest
that inhibitory AhR-ERa/Sp1 crosstalk in cells cotreated with E2 plus TCDD is
due, in part, with loss of ERa and increased AhR association with the E2-responsive
region of the CAD gene promoter.
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THE EFFECT OF CIGARETTE SMOKE CONSTITUENTS
ON AHR SIGNALING AND SENESCENCE IN NORMAL
HUMAN ORAL KERATINOCYTES
L. Zhang1, J. Valentino2, R. Dingle1, P. Xu1, D. Vongrises2 and H. I. Swanson1.
1
Molecular and Biomedical Pharmacology, University of Kentucky, Lexington, KY and
2
Surgery, University of Kentucky, Lexington, KY.
The aryl hydrocarbon receptor (AhR) is a cytosolic ligand-activated transcription
factor that initiates a genome dependent xenobiotic clearance program upon exposure to a variety of environmental contaminant agonists. The chronic presence of
many of these agonists results in toxic and/or carcinogenic endpoints that have
been shown, in the main part, to be dependent on the activation of the AhR signaling pathway. Constituents of cigarette smoke have been shown to be AhR ligands
and previous studies have suggested that the AhR may mediate some of the pro-carcinogenic effects of tobacco smoke.
Senescence is a cell-directed state of irreversible growth arrest maintained even in
the presence of mitogenic stimuli. Classically identified as a barrier to the unlimited
growth of primary cells in culture, senescence has now become recognized as a more
general cell fate decision in response to varied stresses (e.g., oxidative stress, constitutive oncogene activity) within certain cellular contexts. Still, it has only been very
recent studies that have conclusively shown that senescence is a bona fide in vivo
cellular tumor suppressive mechanism akin to apoptosis. From these studies, it is
apparent that the senescence response must be breached for the carcinogenic
process to proceed.
We have shown that activation of the AhR signaling pathway (via use of the prototypical ligand 2,3,7,8-tetrachlorodibenzo-p-dioxin or TCDD) can inhibit a senescent response in neonatal human epidermal keratinocytes (HEKn). Here we propose the hypothesis that cigarette smoke induced activation of the AhR signaling
pathway allows normal human oral keratinocytes (NHOK), a tissue chronically exposed to AhR ligands in the smoking population, to overcome the senescent tumor
suppressant barrier and thereby contribute to tobacco smoke induced cancers. Our
results indicate that TCDD can inhibit senescence in NHOK as it does in HEKn.
Potential mechanisms of the inhibition may also be evaluated and presented.
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RELEVANCE OF THE AHR GENE BATTERY FOR THE
METABOLISM OF FRAGRANCES
B. Bloemeke, M. Kalmes and S. Hahn-Quintes. Ecotoxicology, University Trier,
Trier, Germany.
Fragrances such as eugenol are widely encountered in our daily environment.
Eugenol is found naturally in reasonable quantities in the essential oils of different
spices such as Syzgium aromaticum (clove) and Pimenta racemosa (bay leaves). It
has been used as an antiseptic, antibacterial, analgesic agent in traditional medical,
and in the dentistry. In addition, eugenol and isoeugenol are both common cause of
allergic contact dermatitis to fragrances. Recently, Gosh et al., 2005 demonstrated
for eugenol an antiproliferative action in the human malignant melanoma cell line
WM1205Lu. Examination of the mechanism revealed that it arrests cells in the S
phase of the cell cycle and induces apoptosis. Their results indicated that downregulation of E2F1 may be a key factor in eugenol mediated melanoma growth inhibition both in vitro and in vivo. On the other side, it is wellknown, that T cells lacking E2F1 and E2F2 proliferate much more extensively in response to antigenic
stimulation. The latter may explain the known T cell stimulatory capacity of at least
eugenol (Sieben et al., 2001). Surprisingly, however, isoeugenol, an isomer of
eugenol, did not exhibit this antiproliferative activity. The authors speculated that
the differences in activity of the two related molecules may be due to the differences
in metabolism of the two isomers. This prompted us to investigate whether eugenol
and isoeugenol also causes cell cycle arrest in a human keratinocyte cell line
(HaCaT) in addition to our ongoing studies of their effects on genes of the aryl hydrocarbon receptor (AhR). Via FACS and the Cycle Test Plus DNA Reagent Kit
(BD) we found that eugenol inhibited cell proliferation but the HaCaT cells were
arrested in G0/G1 phase of the cell cycle in 304 µM eugenol after 48h. In comparison to untreated cells, 9.9% more cells were in the G0/G1 phase of the cell cycle.
In addition eugenol and isoeugenol bind to the AhR, effect its translocation to the
nucleus and the induction of steady state mRNA levels for the downstream genes.
In summary, our results emphasize that the effects of eugenol vary dependent on
the cell type.
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APPLICATION OF FUNCTIONAL TOXICITY ASSAYS TO
COMPARE THE EFFECTS OF TCDD WITH A
POTENTIAL ENDOGENOUS ARYL HYDROCARBON
RECEPTOR LIGAND
J. C. Bemis, E. C. Henry and T. A. Gasiewicz. Environmental Medicine,
University of Rochester, Rochester, NY.
Characterization of the potential role(s) of the aryl hydrocarbon receptor (AhR)
during development and normal cellular function has proceeded mainly though investigations utilizing the exogenous toxicant, 2,3,7,8-tetrachlorodibenzo-p-dioxin
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(TCDD). In an effort to better understand the physiological role of the AhR, we
investigated 2-(1’H-indole-3’-carbonyl)-thiazole-4-carboxylic acid methyl ester
(ITE) as a potential endogenous ligand. Previous work demonstrated that ITE
elicited similar responses to TCDD in numerous in vitro assays including binding
to dioxin-response elements (DREs), CYP1A1 induction and nuclear translocation.
In addition, ITE induced DRE-dependent reporter gene activity in both human
and mouse cell lines and fetal mice. To further characterize the potential functional
effects of ITE we examined well-established indicators of developmental TCDD
toxicity that included cleft palate, hydronephrosis and alterations in thymic differentiation. ITE administered from gestational day 10 to 12 at a total dose of 16.8
mg/kg dam weight (iv) failed to induce cleft palate or hydronephrosis. To reduce
the likely influence of metabolic inactivation of ITE, we examined the effects of
ITE in fetal thymic organ culture (FTOC). ITE, at concentrations as low as 5 µM
in medium, elicited reductions in thymic cellularity, as well as alterations in CD4,
CD8, CD25 and CD44 surface markers, comparable to changes observed following TCDD exposure. Support for the metabolic inactivation of ITE was observed
when ITE was rapidly metabolized in an in vitro mouse liver microsome system.
While ITE appears to be an effective AhR agonist and may possibly mimic some of
the effects of TCDD, our data suggest that metabolism of this compound plays a
considerable role in mediating any of its potential toxic and/or physiological effects.
The role which ITE, or related compounds, may play in AhR-mediated processes
remains to be fully elucidated. Supported by NIH grants ES9702, ES09430,
Training Grant ES07026, and Center Grant ES01247.
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AN IMAGING-BASED ASSAY FOR ACTIVATION OF THE
ARYL HYDROCARBON RECEPTOR: A MECHANISMDEPENDENT, HIGH THROUGHPUT TOXICITY ASSAY
FOR DRUG DISCOVERY

H. J. Garside1, 2, N. M. Brown1, M. Graham2, M. Sullivan1 and E. Cooke1.
1
ASTL, AstraZeneca, Loughborough, United Kingdom and 2Safery Assessment,
AstraZeneca, Loughborough, United Kingdom.
Early assessment of potential toxicity in drug discovery is now accepted as essential
to the selection of candidate drugs with reduced risk of late-stage failure attributable to toxicological reasons. An important aspect of this is development of mechanism-based, high-throughout in vitro toxicity assays. Activation of the Aryl hydrocarbon receptor (AhR) can lead to wide array of toxicological responses including
tumour promotion and endocrine disruption. We describe the development of a
novel imaging assay able to monitor quantitatively ligand-induced receptor translocation in both immortalized cell lines and primary rat hepatocytes using specific antibodies. A confocal imaging plate reader, the IN Cell 3000 was used to image 96
well plates and algorithms were used to analyse both population data and individual cell responses. Endogenous AhR translocation and subsequent upregulation of
the downstream target, CYP1A1 was monitored in mouse Hepa-1 cells, human
HepG2 cells and rat primary hepatocytes in response to prototypical AhR ligands.
This assay was able to demonstrate the efficacy and potency of agonists and calculated EC50 values agreed closely with Kd values reported in the literature for the
different receptor agonists tested. Furthermore, in line with published data, speciesspecific responses were observed. To conclude, we have established a robust, automated and quantifiable high throughput assay for the identification of AH receptor
activators in both cell lines and primary cells. We estimate this assay is able to screen
2000 compounds per week, allowing screening of compound collections for potential toxicity via activation of the AhR. This is consistent with the aim of front-loading toxicity assessment into drug discovery.
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ANALYSIS OF AH RECEPTOR PROTEIN
CONCENTRATION IN LIVER AND LUNG OF C57BL/6
MICE EXPOSED TO A SINGLE ORAL DOSE OF TCDD

S. Dahlin1, D. R. Boverhof2, T. Zacharewski2 and R. S. Pollenz1. 1Biology,
University of South Florida, Tampa, FL and 2Biochemistry and Molecular Biology,
Michigan State University, East Lansing, MI.
The Ah receptor (AHR) is susceptible to degradation following ligand binding in
cell culture models. In addition, previous studies have shown that 2, 3, 7, 8-tetrachlorodibenzo-p-dioxin (TCDD) exposure results in the loss of AHR protein in
lung, liver, spleen, thymus and male reproductive organs of rats. Since the
C57BL1/6 mouse is highly responsive to TCDD, and is used as a model for the biological effects of TCDD it was of interest to determine whether TCDD exposure
caused a similar loss of AHR in this species. Immature ovariectomized mice were
gavaged with 30µg/kg TCDD or vehicle and sacrificed after 2, 4, 8, 12, 18, 24, 72
and 168 hr. 250-500mg of liver or lung tissue was homogenized and the tissue
lysates evaluated for the level of AHR, aryl hydrocarbon nuclear translocator protein (ARNT), GAPDH, CYP1A1 and actin by quantitative Western blotting. The
results show that the AHR protein levels were significantly reduced in the liver at
the 4, 8, 12, 18 and 24 hr time points but returned to control levels by the 72 and
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168 hr time points. ARNT protein levels were unchanged at all time points.
CYP1A1 protein was detected by the 4 hr time point, reached maximal levels by 18
hrs and was maintained through the 168 hr time point. In contrast, the AHR levels
in the lung were reduced by the 4 hr time point and remained reduced through the
168 hr time point. ARNT protein levels were unchanged at all time points and
CYP1A1 protein was elevated as in the liver. These results show that degradation of
the AHR is a physiological response to ligand exposure in the C57BL1/6 mouse.
Future studies are aimed at determining whether the susceptibility of the AHR to
degradation shows impacts AHR-mediated gene regulation in a tissue-specific manner. Supported by NIH grants ES10991 (RSP) and ES12245 (TZ).
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THE C-JUN N-TERMINAL KINASE (JNK)-DEPENDENT
TCDD TOXICITY IN THYMUS

Z. Tan, X. Chang, A. Puga and Y. Xia. Center for Environmental Genetics and
Department of Environmental Health, University of Cincinnati Medical Center,
Cincinnati, OH.
2,3,7,8,-Tetrochlorodibenzo-ρ-dioxin (TCDD) is a wide spread environmental
agent that causes diverse health problems, such as thymic atrophy. Most TCDD effects are mediated by the ligand-activated aryl hydrocarbon receptor (AHR). Our
previous studies show that TCDD activates the c-Jun N-terminal kinase (JNK),
which is required for the optimal AHR activation and cytochrome P450 1A1 expression. In this study, we examined the role of the JNK pathway in TCDD-induced thymic atrophy using Jnk1 and Jnk2 knockout mice, as well as mice deficient
in MEKK1, an upstream regulator of JNK. Mice deficient in Jnk1 and Mekk1, but
not Jnk2, showed a significant delay in thymic atrophy induced by TCDD. The reduction in thymus weight and cellularity took place in wild type and Jnk2-null
mice at day 5, while in Jnk1- and Mekk1-null mice at day 10 post TCDD treatment. No such differences were observed in the spleen of wild type and null mice.
Unlike the Jnk2(-/-) mice, the Mekk1(+/-)Jnk2(-/-) compound genetic deletion
mice acquired the resistance to TCDD-induced thymic atrophy. We suggest that
the MEKK1-JNK pathway plays a critical role in TCDD toxicity in the thymus
and that JNK1 is more important than JNK2 in this process. The tissue-specific effect of JNK may be accomplished through modulating AHR activity, possibly by
AHR phosphorylation. In vivo 32P-orthophosphate labeling studies showed that
AHR presented in Hepa-1 cells as a phosphoprotein. The immunoprecipitated
AHR was indeed recognized by phospho-protein staining, but the extent of phosphorylation was unchanged by TCDD treatment. Two-dimensional gel electrophoresis revealed three electrofocusing points of AHR, a pattern unchanged with
or without TCDD exposure. We suggest that the phosphorylated AHR represents
the native, but not TCDD-induced, state of the receptor. The JNK pathway-dependent TCDD toxicity in thymus may be mediated through mechanisms other
than AHR phosphorylation. (Supported by NIH ES11798, ES06273, ES06096
and Superfund Basic Research Program)
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CALPAIN MEDIATES THE DIOXIN-INDUCED
ACTIVATION AND DOWN-REGULATION OF THE
ARYL HYDROCARBON RECEPTOR

Y. R. Dale. Pharmacology, Meharry Medical College, Nashville, TN.
The aryl hydrocarbon receptor (AhR) is a ligand-activated basic helix loop helix
(bHLH) transcription factor that binds polyaromatic hydrocarbons (PAH) such as
TCDD, and mediates their toxicity. Binding of PAH to AhR in the cytoplasm triggers a poorly defined transformation step of the receptor into a nuclear transcription factor. The calcium-dependent cysteine protease, calpain has been implicated
in cleaving the AhR in vitro, in this study the role of calpain in the AhR transformation and subsequent signaling pathway was investigated. Treatment of the
human metastatic breast carcinoma cell line, MT-2 with MDL28170 and PD
150606, two calpain-specific inhibitors, completely abolished the TCDD-induced
transactivation of AhR as assessed by transcription of CYP1A1. Previous studies
have established that following TCDD-induced transactivation, the AhR undergoes
a massive depletion; we show here that calpain inhibitors can block this down-regulation of the AhR. Fluorescence calcium measurements showed that TCDD treatment elevates intracellular calcium, providing the trigger for calpain activation. On
the other hand, activation of calpain by increasing intracellular calcium has resulted
in the AhR transformation (nuclear translocation), transactivation (CYP1A1 transcription), and subsequent receptor down-regulation independent of TCDD. All of
these responses were inhibitable by MDL28170 and correlated with increase in calpain activity as measured towards BOC-LM-CMAC, a calpain-specific substrate.
The data presented support a major role for calpain in the AhR transformation,
transactivation and subsequent down-regulation, and provide mechanistic explanation for many reported ligand-independent activation of AhR. Funded by G12
RR03032, U54-CA91408-03, DAMD17-02-01-0483, 2R25-GM059994-05.

217

SINGLE CELL ANALYSIS OF SWITCH-LIKE
INDUCTION OF CYP1A1 BY HALOGENATED
HYDROCARBONS IN RAT HEPATOMA CELLS

R. Billings and W. H. Hanneman. Environmental Health, Colorado State
University, Fort Collins, CO.
The shape of the dose-response curve may vary depending on whether one examines response at a population or a single cell level. Populations of cells may exhibit a
graded response whereas single cell responses may have threshold or switch-like behavior. Studies in vivo and in vitro using primary hepatocyte cultures and rat hepatoma (H4IIE) cells have shown that induction of CYP1A1 in the liver exhibits
switch-like behavior in response to PCB 126 (3,3’,4,4’,5-pentachlorobiphenyl). In
the present studies, the induction of CYP1A1 by TCDD (2,3,7,8-tetrachlorodibenzo-p-dioxin) has been investigated at the single cell level in H4IIE cells.
CYP1A1 expression was quantified by flow cytometry. It was found that increasing
concentrations of TCDD increased the percent of cells that expressed CYP1A1
rather than increasing the level of CYP1A1 in all cells. The switch-like behavior of
TCDD was similar to the response of these cells to PCB 126, but it occurred at
lower concentrations. The EC50 for TCDD was about 100-fold lower than PCB
126 (1.6 x 10-12 M vs 2.1 x 10-10 M). To investigate the mechanism underlying the
switch response, protein kinase inhibitors have been employed. These studies have
shown that the protein kinase C (PKC) inhibitor, H-7, reduced the percent of cells
that express CYP1A1 in response to inducers. The effect of H-7 was concentration
dependent, decreasing the number of cells expressing CYP1A1 rather than decreasing the level of CYP1A1 in all cells. This finding provides further evidence for the
switch-like behavior of CYP1A1 induction and implicates PKC in this response.
The threshold response to both PCB 126 and TCDD should be taken into account
in the risk assessment of these chemicals.
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THE ARYL HYDROCARBON RECEPTOR REGULATES
CELL CYCLE PROGRESSION IN THE ABSENCE OF
XENOBIOTIC LIGANDS

X. Chang, L. Peng and A. Puga. Environmental Health, University of Cincinnati,
Cincinnati, OH.
The aryl hydrocarbon receptor (AHR) is a ligand-activated transcription factor that
mediates the biologic and toxic effects of its xenobiotic ligands. Besides its role in
the regulation of xenobiotic metabolism, conflicting evidence from various experimental systems indicates that the activated AHR promotes both cell cycle progression and cell cycle arrest. In the present study, we investigated the role of the AHR
in cell cycle regulation using AHR-null mouse embryo fibroblasts stably expressing
the mouse C57BL/6J AHR (B6AHR) or a constitutively active truncated AHR
variant (CA-AHR) under the control of a Tet-off tetracycline regulated system.
With this system, addition of the tetracycline analogue, doxycycline, inhibited
AHR expression completely and significantly decreased the cell proliferation rate
relative to rate determined in the same cells in the absence of doxycycline. The
delay of cell cycle progression in the absence of AHR was due to a lengthening of
the G1 and S phases of the cycle, concomitant with a slightly increase in early apoptotic cells, as indicated by the onset of cleavage of poly-(ADP-ribose) polymerase.
Furthermore, the absence of AHR resulted in altered expression of genes related to
apoptosis and cell cycle progression, including Gadd45alpha, p21, Cyclin A, Cyclin
D, Cdk6, Cdc2a and Cdc25A. When G0-synchronized B6AHR-expressing cells
were stimulated to proliferate by addition of serum, the expression of AHR increased gradually as cells progressed through the cell cycle, with concomitant co-expression of Cyclin A. Compared to cells stably expressing B6AHR, there was lower
expression of Cdc2a in CA-AHR-expressing cells, partly explaining our observation
that CA-AHR expressing cells have slower growth compared to B6AHR expressing
cells. On the other hand, several genes involved in TGF-beta signaling were also
deregulated by AHR: Itga6, Itga7, VEGF-A, Ptgis, and CCL5. These data support
the conclusion that in the absence of xenobiotic ligands, the AHR controls signaling pathways in cell proliferation.-Supported by NIH grants P30ES06096 and
ES06273.
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CHIP-ON-CHIP MICROARRAY ANALYSIS OF AHR
PROMOTER BINDING SITES IN HEPA-1C1C7 CELLS

J. L. Marlowe and A. Puga. Environmental Health, University of Cincinnati,
Cincinnati, OH.
The aryl hydrocarbon receptor (AHR) is a ligand-inducible transcription factor of
toxicological and physiological importance. The contribution of the AHR to toxicological outcomes has been extensively researched, and there are many environmental ligands of the AHR that have been investigated for their effects in humans
and ecological systems, including dioxin (TCDD) and benzo[a]pyrene. The AHR
is known to regulate gene expression primarily at the level of induction of cytochrome P450 drug-metabolizing enzymes. It has become evident that outside of

this well-characterized role, the AHR also functions in many cellular signaling
pathways. Mechanisms of transcriptional regulation by transcription factors, including the AHR, generally require binding of those factors to motifs in gene promoters or enhancers. This binding may be either direct at specific DNA motifs, or
may be mediated by other proteins bound to the DNA. In addition, transcription
factors may bind DNA sequences that are totally unrelated to the canonical binding
site for that factor. Considering this, it is reasonable to presume that there exist currently unrecognized genes under direct regulation of the AHR. We have used chromatin immunoprecipitation (ChIP) techniques to isolate DNA enriched for promoter or enhancer sequences that bind the AHR, either directly or via
protein-protein interactions, from mouse Hepa-1c1c7 cells treated with vehicle
control or 10 nM TCDD. Immunoprecipitated DNA was then amplified using ligation-mediated PCR, and this amplified DNA was used to probe microarrays
(Nimblegen Systems, Inc.) containing 5.0 kb of promoter regions for a comprehensive set of 30,000 genes within the mouse genome. Our results indicate that there
are a subset of genes that are regulated by the AHR under physiologic conditions,
and that TCDD treatment results in a significant alteration in the profile of AHRregulated genes. Hence, TCDD-mediated toxicity may be in part explained by the
shift of AHR transcriptional activity from physiological target genes to primarily
toxicant-induced target genes. (Supported by NIH R01 ES06273)
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ENHANCEMENT OF DIOXIN-MEDIATED CYP1A1
INDUCTION BY THE UBIQUITIN LIGASE INHIBITOR
05RB

A. A. Elliott1, L. Padmavathi2, A. Banerjee2 and J. Reiners Jr.1. 1Institute of
Environmental Health Sciences, Wayne State University, Detroit, MI and
2
Department of Pharmaceutical Sciences, Wayne State University, Detroit, MI.
The aryl hydrocarbon receptor (AhR) is a ligand-activated transcription factor.
Upon ligand activation the AhR binds to specific enhancer regions and stimulates
the transcription of target genes such as CYP1A1, 1A2 and 1B1. Transcription is
terminated following ubiquitination of the activated AhR and its degradation by
the proteasome. Ubiquitination requires the coordinate activities of a cascade of enzymes. We used structure-based ligand design to discover inhibitors of selected
ubiquitin ligation enzymes. Our in silico screen of a small molecule database identified 05RB (p-anilinoaniline) as an inhibitor of the stress response elicited ubiquitination sub-pathway. Treatment of MCF10A human breast epithelial cultures with
dioxin, an AhR ligand, caused rapid accumulation of CYP1A1 mRNA. Cultures
co-treated with a non-cytotoxic concentration of 05RB accumulated ~3-fold more
CYP1A1 mRNA than dioxin-only treated cultures. Analyses employing actinomycin-D to suppress transcription indicated that 05RB did not affect CYP1A1
mRNA turnover. However, analyses of CYP1A1 hnRNAs by real time RTPCR indicated that 05RB significantly enhanced dioxin-induced CYP1A1 transcription.
05RB partially suppressed (~15%) dioxin-mediated AhR degradation in MCF10A
cultures. Co-exposure of dioxin-treated MCF10A cultures to 05RB also suppressed
AhR ubiquitination, as assessed in an in vitro ubiquitin transfer assay. 05RB delayed
the progression of dioxin-treated MCF10A cells through the S phase of the cell
cycle. The kinetics of 05RB enhancement of CYP1A1 transcription correlated with
this delay in S phase progression. In contrast, 05RB neither prevented AhR degradation nor enhanced dioxin-induction of CYP1A1 in cultures arrested in Go/G1.
Hence, 05RB is an inhibitor of ligand-activated AhR degradation. It is probable
that the enhanced accumulation of CYP1A1 mRNA caused by 05RB and dioxin
co-treatment is cell cycle related. This work was supported by ES009392,
GM59467 and ES06639.
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COMPARISON OF IN VITRO AND IN VIVO GENE
EXPRESSION RESPONSES MEDIATED BY TCDD

E. Dere1, 2, D. R. Boverhof1, 2, 3, L. D. Burgoon1, 2, 3 and T. R. Zacharewski1, 2, 3.
1
Department of Biochemistry and Molecular Biology, Michigan State University, East
Lansing, MI, 2National Food Safety & Toxicology Center, Michigan State University,
East Lansing, MI and 3Center for Integrative Toxicology, Michigan State University,
East Lansing, MI.
In vitro systems have inherent limitations in their ability to model whole organism
responses, which must be identified and taken into consideration when developing
predictive biomarkers of toxicity. In order to assess the ability of in vitro models to
accurately predict in vivo responses, comparative toxicogenomic analysis of temporal gene expression profiles from Hepa-1c1c7 mouse hepatoma cells and hepatic tissue from immature ovariectomized C57BL/6 mice treated with TCDD were performed. Cells were treated with 10 nM TCDD for 1, 2, 4, 8 12, 24 or 48 hrs while
mice were orally gavaged with 30 µg/kg TCDD for 2, 4, 8, 12, 18, 24, 72 or 168
hrs, and cDNA microarrays containing 13,361 cDNA clones representing 7,810
unique genes were used to monitor temporal gene expression profiles. Empirical
Bayes analysis identified 331 and 678 active features in the in vitro and in vivo
studies, respectively. Of these, 77 were common to both systems, 254 were active

SOT 2006 ANNUAL MEETING

45

only in vitro and 601 were in vivo specific. Functional gene annotation indicated
that in vitro systems accurately modeled the in vivo xenobiotic metabolism responses. However, many of the responses unique to the in vitro system were associated with cell cycle progression and proliferation, consistent with the effects of
TCDD on rapidly dividing cells in culture. In contrast, in vivo specific responses
were largely related to lipid metabolism and immune responses, which represent
systemic responses that are not replicated in in vitro systems. These results highlight
the inherent differences in the transcriptional responses of these models to TCDD
and illustrate some of the limitations of using in vitro systems to predict whole organism responses while identifying potential predictive biomarkers of TCDD-toxicity. Supported by NIH RO1 ES12245.
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AHR SIGNALING AND GENE EXPRESSION CHANGES
DURING REGENERATIVE GROWTH

L. K. Mathew1, 2, 3, E. A. Andreasen1, 2, 3 and R. L. Tanguay1, 2, 3. 1Environmental
and Molecular Toxicology, Oregon State University, Corvallis, OR, 2The
Environmental Health Sciences Center, Oregon State University, Corvallis, OR and
3
The Marine and Freshwater Biomedical Sciences Center, Oregon State University,
Corvallis, OR.
Previously we have established that larval caudal fin regeneration is inhibited by
TCDD and developed this endpoint as a tool to understand the mechanism(s) of
TCDD toxicity. Using antisense repression approach, we have demonstrated that
AHR2 is required for TCDD to impair the fin regeneration. In vitro studies suggested that ARNT2 was the dimerization partner of AHR2 in zebrafish, however
using genetic and antisense morpholino approaches, we report that ARNT1 is the
in vivo dimerization partner for AHR2, necessary to mediate the actions of AHR
ligands. The identification of AHR2 and ARNT1 as in vivo partners is a vital first
step in understanding the molecular and cellular responses to TCDD which impair
regenerative growth. To identify the transcriptional responses mediated by AHR activation, microarray analysis was performed on RNA isolated from control or
TCDD exposed larval regenerates. The caudal fins of larvae were amputated surgically at 2 day post fertilization (dpf ) and the amputated larvae were waterborne exposed to DMSO or TCDD (0.5ng/mL) for one hour. Total RNA was isolated from
the regenerate tissues at 2 day post amputation (dpa) and 3 dpa, amplified and labeled prior to global gene expression analysis using the Affymetrix zebrafish arrays.
TCDD induced upregulation of cytochrome P4501A (CYPIA), CYP1B1 and
UDP- glucuronosyltransferase (UDP-GT) indicate that AHR pathway is activated
in the regenerate. The expression levels of genes involved in extracellular matrix remodeling, cytoskeleton dynamics, cell migration and cell adhesion were altered by
AHR activation. These results are consistent with the hypothesis that extracellular
matrix remodeling is affected by TCDD during regeneration (personal communication- Eric A Andreasen). Supported by NIEHS grants ES10820, ES00210, and
#ES03850.

223

EFFECTS OF TCDD ON GLOBAL GENE EXPRESSION IN
REGENERATING TISSUE

E. A. Andreasen1, 2, 3, L. K. Mathew1, 2, 3 and R. L. Tanguay1, 2, 3. 1Department of
Environmental and Molecular Toxicology, Oregon State University, Corvallis, OR,
2
The Environmental Health Sciences Center, Oregon State University, Corvallis, OR
and 3The Marine and Freshwater Biomedical Sciences Center, Oregon State
University, Corvallis, OR.
Adult zebrafish completely regenerate their caudal fin following amputation in a
process dependent upon regulation of transcription, nerve innervation and extracellular matrix composition. Exposure to 2,3,7,8-tetrachlorodibenzo-p-dioxin
(TCDD) impairs these regenerative processes. Fin regeneration is initiated by the
formation of an epithelial wound cap by 12 hours post amputation (hpa). Next,
mesenchymal cells proliferate and migrate from sites distal to the wound plane and
accumulate under the epithelial cap forming a blastemal structure within 48 hpa.
Blastemal cells proliferate and differentiate, replacing the amputated tissues, which
are innervated with nerves and blood vessels during regenerative outgrowth which
is complete by 14 days post amputation (dpa). Regenerative outgrowth does not
occur in TCDD-exposed zebrafish. TCDD exposure has been shown to lead to an
accumulation of collagen just posterior to the amputation site by 3 dpa.
Additionally vascular and neuronal networks are disorganized in the regenerate.
Global transcriptional analysis in regenerating fins of control and TCDD exposed
zebrafish was studied to help identify potential targets related to the impaired regrowth. Adult male zebrafish were dosed with vehicle or 50 ng/g TCDD. Caudal
fins were amputated and RNA was collected at 1, 3 and 5 dpa for analysis using
Affymetrix’s zebrafish gene chip and quantitative real time PCR (qRT-PCR). 372
genes were at least two fold differentially expressed due to TCDD exposure. Of
these, 200 were identified as mammalian orthologous genes. The aryl hydrocarbon
pathway was activated by TCDD as known AHR responsive genes including cyp1a,
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cyp1c1, UDPGT were induced by TCDD exposure. The major categories of confounded gene expression were detoxification enzymes, matrix metabolism and composition, development, retinoic acid signaling, and metabolism.
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THE INFLUENCE OF A HISTONE DEACETYLASE
INHIBITOR ON THE GENE EXPRESSION PROFILES
INDUCED BY AROCLOR 1254 AND TCB

S. Reymann1 and J. Borlak1. 1Fraunhofer Institut of Toxicology and Experimental
Medicine, Hannover, Germany and 2Fraunhofer Institute of Toxicology and
Experimental Medicine, Hannover, Germany.
Aroclor 1254 is a well known environmental contaminant and consists of a complex mixture of polychlorinated biphenyls (PCBs) some of which have the ability to
activate the aryl hydrocarbon receptor (AhR) as well as other transcription factors
(TFs). Indeed, 3,4,3’,4’-tetrachlorobiphenyl (TCB) is a selective AhR agonist.
Based on gene expression profiling of human hepatocyte cultures treated with both
toxins, e.g. Aroclor 1254 and TCB, we observed changes in transcript abundance of
> 900 genes which were distributed amongst many different chromosomes. In
depth analysis of microarray data identified regulation of nearby or co-localized
genes which are not bona fide targets for AhR. We further wished to investigate the
role of the histone deacetylase inhibitor (HDACi) suberoylanilide hydroxamic acid
(SAHA) on transcriptional regulation of genes in cultures of human hepatocytes
treated with Aroclor 1254 and TCB. These experiments may provide insights into
the effects of chromatin remodeling on liver specific gene expression upon exposure
of human hepatocytes to xenobiotics.
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COMBINATORIAL GENE REGULATION BY THE
ESTROGEN AND ARYL HYDROCARBON RECEPTORS

C. Bobowski and E. V. Hestermann. Biology Department, Furman University,
Greenville, SC.
The estrogen receptor (ER) is a ligand-activated transcription factor that promotes
transcription in two ways. ER either directly binds to DNA at estrogen responsive
elements, or it stabilizes another transcription factor that in turn binds DNA and
promotes transcription. Ligands of another ligand-activated transcription factor,
the aryl hydrocarbon receptor (AhR), are known to have both estrogenic and antiestrogenic effects in cells and animals. In order to explore these dual effects of AhR
ligands, we exposed MCF-7 breast cancer cells to estradiol (E2, an ER agonist),
2,3,7,8-tetracholordibenzo-p-dioxin (TCDD, an AhR agonist) and 3’-methoxy, 4’nitroflavone (MNF, an AhR antagonist) and measured the relative amounts of
mRNA for ER-regulated genes and an AhR regulated gene by real time RT-PCR.
As expected, there were high levels of expression of ER-regulated genes in cells exposed to E2; however, TCDD also was able to induce ER-regulated gene expression. This result supports recent findings that the ligand-occupied AhR can affect
the ER in the absence of estrogen to cause transcription. In the presence of ER agonists, AhR ligands have been shown to inhibit the estrogenic response. We found
this pattern in levels of genes directly regulated by ER; however, when cells were exposed to both TCDD and E2 the levels of genes indirectly regulated by ER were
not significantly lowered versus E2 alone. MNF alone had no effect on ER-regulated genes, but did inhibit the effects of TCDD on both ER- and AhR-regulated
genes. This pattern of gene regulation suggests that AhR inhibits ER function only
when ER interacts directly with DNA regulatory sequences. This work was supported by the National Institutes of Health grants SC-BRIN RR16461-01 and
1R15CA115405-01.
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THE ROLE OF NITRIC OXIDE IN THE DOWNREGULATION OF ARYL HYDROCARBON RECEPTORREGULATED GENES BY INFLAMMATION

N. Gharavi and A. O. El-Kadi. Faculty of Pharmacy and Pharmaceutical Sciences,
University of Alberta, Edmonton, AB, Canada.
It is well established that substantial quantities of nitric oxide (NO) are released
during inflammation and in response to inflammatory stimuli such as TNF-α or
LPS. The correlation between the inflammation-mediated suppression of aryl hydrocarbon receptor (AHR)-regulated genes such as cytochrome P450 1a1 (Cyp1a1)
and NADPH: quinine oxidoreductase (Nqo1) and the TNF-α or LPS-induced
NO production especially in murine hepatoma Hepa 1c1c7 cells has been questioned. Therefore we investigated whether NO is involved in the modulation of
Cyp1a1 and Nqo1 by TNF-α or LPS in Hepa 1c1c7 cells. The amount of NO produced by various concentrations of TNF-α (1, 5, 10 ng/ml) or LPS (1, 5 µg/ml) in
the absence or presence of the selective inducible nitric oxide synthase (iNOS) inhibitor, L-N6-(1-iminoethyl) lysine (L-NIL) (1 mM) were measured by fluorometric HPLC assay. A significant dose-dependent increase in NO production was ob-

served by various concentrations of TNF-α and LPS. L-NIL completely inhibited
TNF-α and LPS-mediated NO production. In addition, TNF-α and LPS significantly induced iNOS mRNA expression in a dose-dependent manner. Both TNFα and LPS strongly repressed the constitutive expression and the β-naphthoflavone-mediated induction of Cyp1a1 and Nqo1 at mRNA and activity levels.
The down-regulation of Cyp1a1 and Nqo1 mediated by TNF-α or LPS were significantly prevented by L-NIL at both mRNA and activity levels. These results
demonstrate that NO may directly or indirectly be involved in the down-regulation
of Cyp1a1 and Nqo1 mediated by TNF-α or LPS.
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DIOXIN INDUCES AN ESTROGEN RECEPTOR
DEPENDENT ESTROGEN-LIKE GENE EXPRESSION
RESPONSE IN THE MURINE UTERUS

D. R. Boverhof, J. C. Kwekel, D. G. Humes, L. D. Burgoon and T. R.
Zacharewski. Department of Biochemistry & Molecular Biology, National Food Safety
& Toxicology Center, and Center for Integrative Toxicology, Michigan State University,
East Lansing, MI.
2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD) is a ubiquitous environmental contaminant that elicits a broad range of toxicities in a tissue, sex and species specific
manner including alterations in estrogen signaling. Many, if not all, of these effects
are due to changes in gene expression mediated by the aryl hydrocarbon receptor
(AhR), a ligand activated transcription factor. The antiestrogenic effects of TCDD
have been well characterized; however, recent data indicate that TCDD may also
elicit AhR-dependent estrogenic activity through interactions with the estrogen receptor (ER). To further characterize the estrogenic activity of TCDD, a comprehensive time course analysis of uterine gene expression was conducted using the
sensitive C57BL/6 immature ovariectomized mouse model. Mice were gavaged
with vehicle, 30 µg/kg of TCDD or 100 µg/kg ethynyl estradiol (EE) and sacrificed
after 2, 4, 8, 12, 18, 24 or 72 hrs. Uterine gene expression profiles were obtained
using custom cDNA microarrays containing 13,361 cDNA clones which identified
281 and 3,241 unique genes which exhibited a significant change at one or more
time points in response to TCDD and EE, respectively, as determined using an empirical Bayes approach. Comparison of the active gene lists from each study revealed that 238 of the 281 genes regulated by TCDD were also regulated by EE.
Correlation analysis determined that 218 of these 238 common genes exhibited
gene expression profile correlations greater than 0.3, suggesting that the temporal
expression pattern induced by TCDD is similar to that of EE. Furthermore, pretreatment of mice with the pure ER antagonist ICI 182780 inhibited gene expression responses to both EE and TCDD, providing additional evidence that these
transcriptional responses involve the ER. This work was funded by NIH R01
ES12245 and T32 ES07255
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TCDD-INDUCED DIFFERENTIAL COACTIVATOR
RECRUITMENT TO CYP1A1 AND CYP1B1

R. T. Taylor1, F. Wang2, R. Zhang2 and O. Hankinson2, 1. 1Molecular Toxicology
IDP, University of California, Los Angeles, Los Angeles, CA and 2Department of
Pathology and Laboratory Medicine, Molecular Biology Institute, and Jonsson
Comprehensive Cancer Center, David Geffen School of Medicine, University of
California, Los Angeles, Los Angeles, CA.
2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD)-induced activation of cytochrome
P450 1A1 (CYP1A1) and cytochrome P450 1B1 (CYP1B1) by the Aryl
Hydrocarbon Receptor complex (AHRC), requires the coordinated recruitment of
transcriptional coactivator proteins and chromatin remodeling factors. The aim of
this study was to investigate the differential induction levels of two AHRC target
genes CYP1A1 and CYP1B1 by TCDD in the human breast carcinoma cell line
MCF-7. We hypothesize that the differences in TCDD-induction are based on the
differences in promoter/enhancer structure of the two genes. The chromatin immunoprecipitation assay was employed to characterize TCDD-induced coactivator
recruitment to CYP1A1 and CYP1B1. We found that the Aryl Hydrocarbon
Receptor (AHR) is rapidly recruited to the enhancer region of both genes. As opposed to other published reports, we observed no “cycling” of the AHR on the enhancer region of either gene up to 105 minutes. Nor did we observe binding of the
AHR to the promoter region of either gene. Conversely, RNA polymerase II is recruited to the promoter region of both genes and not to the enhancer. Preliminary
data indicates differential recruitment of nucleosome remodeling factors to the
CYP1A1 gene in comparison to CYP1B1. RNA interference was utilized to identify coactivator proteins that are essential for cytochrome P450 induction by
TCDD. We found the coactivator proteins p300 and Steroid Receptor Interacting
Protein-2 (SRC-2) to be essential for both CYP1A1 and CYP1B1 maximal TCDDinduction. While the nucleosome remodeling factors Brahma/SWI2 Related Gene
1 (BRG-1) and Brahma (BRM) appear to be required for CYP1A1 induction and
not CYP1B1. These results indicate that the promoter regions of CYP1A1 and
CYP1B1 require a different set of transcriptional coactivators and thus may explain
their different induction levels.
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ACIDIC EXTRACTS OF WOOD SMOKE PARTICULATE
MATTER CAUSE CASPASE INDEPENDENT APOPTOSIS
IN MOUSE RAW AND MLE CELLS

K. A. Fay, C. D. Simpson, R. L. Dills, M. H. Paulsen and T. J. Kavanagh.
Environmental and Occupational Health, University of WA, Seattle, WA.
Ambient particulate matter continues to be a human health concern in many urban
and rural environments. The burning of vegetative matter, including wood, generates particulate and gaseous components that are known to be toxic. Wood smoke
particulate matter contains many different organic combustion products. We investigated the cytotoxicity induced by different chemical components of campfire
wood smoke extract in Raw264.7 (RAW) mouse macrophage-like cells and mouse
lung epithelial (MLE) cells, as well as the mechanism of cell death caused by such
exposures. Neutral red and crystal violet assays confirmed cytotoxicity in both cell
lines at doses of 50 ug/ml and 100ug/ml in a dose-dependant manner for neutral,
acidic, and total wood smoke extracts. Basic extracts were not cytotoxic at these
doses. In addition, flow cytometric analysis using Annexin V and propidium iodide
indicated cellular death via apoptosis. Assays for caspase-3 activation were negative,
suggesting a mode of death for both cells lines that is a caspase-3 independent form
of apoptosis. In summary, the acidic components of campfire wood smoke appear
to induce apoptosis through a caspase-3 independent pathway in RAW and MLE
cells. Supported by EPA grant CR827355.
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COMPARISON OF CIGARETTE SMOKE TOXICITY
WITH VARIOUS INHALATION EXPOSURE REGIMENS

H. Yoshimura1, K. Yoshino1, G. Lulham2, K. M. Lee3 and R. A. Renne3. 1Japan
Tobacco, Tokyo, Japan, 2JTI-Macdonald Corp., Toronto, ON, Canada and 3Battelle
Toxicology Northwest, Richland, WA.
Several exposure regimens have been used in rodent cigarette studies with varying
degrees of smoke-related toxicity. The goal of this study was to compare the inhalation toxicity of a reference cigarette in rats under various exposure regimens having
comparable weekly doses (Concentration x T). Male rats were exposed nose-only 7
d/wk for 13 wk to weekly doses of 2100 and 4200 ug WTPM/L, using regimens of
300 and 600 ug WTPM/L x 1h/d (Regimen A) or 50 and 100 ug WTPM/L x 6h/d
(Regimen B). An additional group was exposed to 800 ug WTPM/L x 1h/d, 5
d/wk. Subgroups were sacrificed after 13 wk of exposure, and 6 or 13 wk of recovery. Air Controls matched Regimens A and B for each sacrifice. Evaluations included COHb, plasma nicotine and cotinine, respiratory physiology, organ and
body weights, clinical pathology, BAL fluid analysis, and histopathology. Smoke exposure depressed body weight gain of both Regimens but Regimen B had consistently lower body weight than Regimen A at low dose. Smoke-related changes in
blood COHb, respiratory physiology, and plasma nicotine/cotinine increased with
dose in both Regimens. Regimen B might be subjected to greater smoke exposure
in the lung based on relatively higher MV, plasma cotinine, BALF parameters, and
greater leukocyte infiltration, while heart weight increase and RR & MV reduction
were relatively less than Regimen A. Within Regimen A, lowering the highest exposure from 800 to 600 ug/L, even with an increased duration from 5 to 7 d/wk reduced heart weight and some upper respiratory tract lesions. Histopathological lesions in the respiratory tract increased with dose but without clear Regimen
difference. Histopathology and laryngeal morphometry data indicated that 6 wk
was sufficient to demonstrate notable regression of smoke-induced respiratory tract
lesions.
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CARBON MONOXIDE AND NITROGEN OXIDES
ANALYSIS IN MAINSTREAM SMOKE OF POTENTIALLY
REDUCED EXPOSURE PRODUCTS(PREPS - QUEST1),
MARLBORO MEDIUM, AND 2R4F CIGARETTES
UNDER DIFFERENT PUFFING REGIMENS

N. Gowadia1, M. Oldham1 and D. Dunn-Rankin2. 1Community and
Environmental Medicine, University of California, Irvine, Irvine, CA and
2
Mechanical and Aerospace Engineering, University of California, Irvine, Irvine, CA.
Carbon monoxide (CO) and Nitrogen oxides in cigarette smoke have been associated with cardiac and respiratory health problems in smokers. Formation of theses
gases can be affected by changes in combustion behavior, puffing conditions, composition, and design of cigarettes. PREPs utilize modification in tobacco and cigarette design, and low nicotine PREP may change the puffing behavior of smokers
wanting more nicotine. These changes likely alter the levels of gases produced. In
this study, we measured CO and Nitrogen oxides in a single puff from Quest1 (low
nicotine PREP), Marlboro Medium, and 2R4F cigarettes using three puffing regimens (1) FTC – 35 ml over 2 seconds, (2) short puff – 50 ml over 2 seconds, and
(3) long puff – 100 ml over 10 seconds. CO was measured using an IR gas analyzer
and NO and NO 2 were measured using a chemiluminscence gas analyzer. The results showed that more gases were produced (µg/mg) using short puffing (CO 11.69, SD 1.29; NO - 0.48, SD 0.03; NO 2 - 0.25, SD 0.01) and long puffing
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(CO - 7.35, SD 2.14; NO - 0.35, SD 0.03; NO 2 - 0.23, SD 0.04) than in the
FTC puffing regimen (CO - 5.88, SD 0.47; NO - 0.25, SD 0.02; NO 2 - 0.12, SD
0.00) for 2R4F cigarettes. Similarly, more gases (µg/mg) were produced in short
puffing (CO -16.48, SD 0.40; NO - 0.61, SD 0.14; NO 2 - 0.41, SD 0.09) and
long puffing (CO - 15.82, SD 1.18; NO - 0.54, SD 0.07; NO 2 - 0.28, SD 0.03)
than in the FTC puffing regimen (CO - 11.05, SD 1.65, NO - 0.34, SD 0.01, NO
2 - 0.18, SD 0.01) for Marlboro cigarettes. However, Quest1 displayed little effect
of puffing variation on gases produced, except that more NO 2 was produced in the
short puffing (0.32, SD 0.07) than in long puffing (0.17, SD 0.02) and FTC puffing regimens (0.15, SD 0.04). Overall, Quest1 appears to behave differently from
2R4F and Marlboro cigarettes in the production of gases.

232

REAL TIME RT-PCR ASSESSMENT OF CLEARANCE OF
RESPIRATORY SYNCYTIAL VIRUS ALTERED BY
EXPOSURE TO DIESEL EXHAUST AND HARDWOOD
SMOKE

M. D. Reed and J. A. Berger. Toxicology, Lovelace Respiratory Research Institute,
Albuquerque, NM.
We have previously shown that respiratory syncytial virus (RSV) clearance is delayed by diesel exhaust (DE) exposure. These pilot studies utilized a limited number
of DE exposure concentrations and measured clearance of intratracheally instilled
RSV by qualitatively measuring residual RSV-F and –G gene products by RT-PCR
with ethidium bromide staining and visualization. Densitometry values of RSV
genes were normalized to endogenously expressed pulmonary β-actin controls. The
current studies involve the same in vivo protocol as our previous reports, but utilize
a full spectrum of environmentally relevant DE exposure concentrations and quantify the level of RSV with a truly quantitative real time RT-PCR assay. DE and
Hardwood Smoke (HWS) were generated from a 2000 Cummins 5.9 L engine operated on National Certification Fuel or an uncertified wood stove burning mixed
oak species. The engine and wood stove were operated on a repeating engine cycle
or a “kindling, high burn, low burn” cycle respectively. C57Bl-6 mice were exposed
to clean air and whole emissions of either 30, 100, 300 and 1000 µg/m^3 DE or
HWS 6h/d for 7 consecutive days. On the last exposure day, mice were instilled
with 1 x 10^6 PFU of RSV and viral clearance and inflammation were measured
after a 4 day non-exposure hold period. Genomic viral RNA was quantified by real
time RT-PCR based on amplification of RSV-M gene. Lung burden of viral
genome was compared to a standard curve generated from standards of RSV-M
gene. Each copy of the gene corresponded to a single viral copy. HWS and DE
elicited a variable but differential pattern of altered RSV clearance. Unlike our previous pilot work, neither DE nor HWS exposure delayed viral clearance vs. clean
air. DE generated a trend toward increased clearance with higher exposure while
HWS induced a more equivocal response depending on exposure level.
This work was funded by the National Environmental Respiratory Center with
support from multiple government, industrial, and private sponsors.
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NEUROTROPHINS OPERATE AT DIFFERENT LEVELS OF
THE RESPIRATORY TRACT IN RESPONSES OF
ALLERGIC MICE TO DIESEL EXHAUST PARTICLES (DEP)

S. H. Gavett, A. K. Farraj, N. Haykal-Coates, A. D. Ledbetter and P. A.
Evansky. NHEERL USEPA, Research Triangle Park, NC.
Neurotrophins including NGF, NT-3, and BDNF are linked to allergic responses.
Treatment with anti-p75 (pan-neurotrophin receptor) prevents the increase in airflow obstruction caused by exposure to DEP in ovalbumin (OVA)-allergic mice
(Toxicol Sci 84(S1):91, 2005). Our present goals were to 1) compare responses to
DEP in OVA-allergic mice using unrestrained whole body plethysmography
(WBP; Buxco) vs. anesthetized ventilated system (flexivent; Scireq); 2) determine
whether treatment with anti-p75 or anti-trkA (NGF-specific receptor) affects these
responses; and 3) determine whether effects can be localized to distinct respiratory
tract regions. One day after a 5 hr nose-only exposure to SRM2975 DEP (PM2.5
fraction; 2.0 mg/m3), airflow obstruction (Penh) induced by methacholine (Mch)
aerosol in the WBP system was increased in allergic Balb/cJ mice vs. air-exposed allergic or nonallergic mice. Intranasal anti-p75 or anti-trkA blocked this increase in
Penh. Therefore using WBP, neurotrophins in general and NGF specifically are involved in DEP-enhanced allergic airflow obstruction at some level (nasal / central /
peripheral) of the respiratory tract. In the ventilated system, OVA-allergic (vs. nonallergic) mice had increases in i.v. Mch-induced total lung resistance (R), elastance
(E), central airway resistance (Rn), and tissue resistance (G), but not tissue elastance. DEP exposure did not further enhance these responses to OVA. In contrast
to WBP, only anti-p75 (not anti-trkA) reduced R, E, Rn, and G in DEP-exposed
OVA-allergic mice to levels comparable to untreated air-exposed nonallergic mice.
The ineffectiveness of DEP in enhancing lung responses to OVA in ventilated mice
indicates that in this model DEP may enhance airflow obstruction only in nasal air-
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ways, which would be detected by WBP. Since only anti-p75 blocked the OVA-induced increase in responsiveness in ventilated mice, neurotrophins other than NGF
may be involved in the lung response to OVA. (This abstract does not reflect EPA
policy)
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DIFFERENTIAL GENE EXPRESSION IN GCLM-NULL
AND WILD-TYPE MICE EXPOSED TO DIESEL
EXHAUST

E. C. Peck, L. A. McConnachie, R. P. Beyer, T. K. Bammler, C. Baker, D.
Ceballos, P. A. Vliet, J. A. Stewart, D. L. Luchtel, J. D. Kaufman and T. J.
Kavanagh. Environmental and Occupational Health Sciences, University of
Washington, Seattle, WA.
Particulate matter (PM), a major component of air pollution, has received much attention in recent years due to the growing number of epidemiologic studies linking
cardiorespiratory morbidity and mortality to ambient PM exposure. These events
are thought to be mediated by several mechanisms including inflammation and oxidative stress. Oxidative stress can be modulated by the level of low MW antioxidants, such as glutathione (GSH). The rate-limiting step in GSH biosynthesis is
carried out by glutamate-cysteine ligase (GCL), which is composed of catalytic
(GCLC) and modifier (GCLM) subunits. We generated GCLM-null mice, which
are likely to be more susceptible to agents with GSH-dependent detoxification. To
examine the effects of PM, specifically diesel exhaust (DE), on oxidative stress and
related pathways, GCLM-null and wild-type mice were exposed to DE at concentrations of 0, 100 and 400 micrograms PM <2.5 microns in diameter per cubic
meter (mcg PM2.5/m3) for six hours and then housed overnight. Following sacrifice,
bronchoalveolar lavage samples were taken, and lungs were harvested for gene expression analysis (Affymetrix platform). Total lung RNA was isolated and pooled
according to dose and genotype group. Although only subtle, non-significant biochemical and cellular changes in lavage were observed, substantial differences in
gene expression were identified based on treatment, genotype, and their interaction. Paradoxically, fewer genes were differentially expressed following the 400 exposure compared to the 100 exposure; this was observed in both the GCLM-null
and wild-type mice. Interestingly, while the dose, genotype and interaction categories shared only a limited number of differentially expressed genes, the promoter
regions of these genes shared many transcription factors involved in stress response,
organ regeneration, and tissue repair. (Supported by EPA grant CR827355 and
NIH grants P42ES04696, R01ES010849 and P30ES007033.)
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VALIDATION OF THE PRO-INFLAMMATORY EFFECTS
OF A DIESEL PM EXTRACT IN BEAS-2B CELLS AFTER
AN EXPERIMENTAL SOLVENT EXCHANGE METHOD

K. J. Swanson1, M. C. Madden2, 1 and A. J. Ghio2. 1Environmental Sciences &
Engineering, University of North Carolina - Chapel Hill, Chapel Hill, NC and
2
HSD, NHEERL, USEPA, Chapel Hill, NC.
Previous in vitro studies using airway epithelial cells have demonstrated pro-inflammatory effects of the soluble organic fraction (SOF) of diesel particulate matter
(DPM). This work describes a solvent exchange method which replicates these results using Standard Reference Material (SRM) 1975, an organic extract of DPM,
collected from a diesel-powered forklift, dissolved in dichloromethane (DCM). The
work described was motivated by a need to develop an approach to evaluate similarly prepared biodiesel organic extracts. For this approach, an aliquot of SRM
1975 was dried under N2, the extract residue dissolved in DMSO and KGM added
to produce a stock 100 µg/ml SRM 1975 in KGM + 0.1% DMSO. To evaluate the
loss of soluble organics from the solvent exchange process, absorbance readings in
the UV/VIS region were made for 100 µg/ml aliquots of SRM 1975 in DCM and
KGM + 0.1% DMSO. Lower absorbance reading for the DMSO preparation indicated less dissolved organics but the preparation still contained biologically active
organic components. Dose-dependent exposures for the DMSO preparation at 0,
5, 10, 25, 50, and 100 µg/ml were performed on the immortalized human airway
epithelial cell line, BEAS-2B, for 24 hrs and pro-inflammatory proteins quantified.
Cytotoxicity was measured by LDH and MTT assays. Pro-inflammatory proteins
(e.g. IL-8 & IL-6) were quantified in supernatants using ELISA kits. This method
established a non-cytotoxic dose range for SRM 1975 in KGM + 0.1% DMSO
from 0 to 50 µg/ml, which produced a dose-responsive release of both IL-8 and IL6. This methodology reproducibly elicited IL-8 and IL-6 protein concentrations
that were, respectively, 4 and 6 times over control. The results of this experiment
support previous research which demonstrated the pro-inflammatory effects of the
SOF. This work is supported by NHEERL-DESE Cooperative Training in
Environmental Sciences Research, EPA CT826513. This abstract of a proposed
presentation does not necessarily reflect EPA policy.
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ROLE OF TOLL LIKE RECEPTORS ON PULMONARY
INFLAMMATORY RESPONSES TO SIZE
FRACTIONATED COMBUSTION AND AMBIENT AIR
PARTICLES

I. Gilmour, M. Daniels, E. Boykin, W. Linak and R. Devlin. USEPA, Research
Triangle Park, NC.
C3H/HeJ mice feature a single point mutation in the Toll like receptor 4 gene
which renders these animals resistant to a number of pro-inflammatory agents including lipopolysaccharide and ozone. This study compared pulmonary inflammatory responses in endotoxin resistant (C3H/HeJ) and susceptible mice (C3H/OUJ)
after instillation of different size fractions (coarse, fine and ultrafine) of coal fly ash
(CFA) or ambient air particles. Pulmonary neutrophils were increased in either
strain exposed to the various sizes of ambient PM although no significant differences were evident across the treatment groups. Coarse and fine ambient PM did
however cause a greater increase in TNF-alpha release and albumin levels in the
lung fluid of endotoxin sensitive mice, suggesting a requirement for Tlr-4 receptors
in these responses. Coarse and fine CFA also caused a greater increase in PMNs, albumin and cytokine levels in the endotoxin sensitive mice, however no differences
were observed after exposure to ultrafine CFA despite high level of responses. We
conclude that soluble markers of inflammation and edema induced by coarse and
fine particles are associated with a functional Tlr-4 pathway, whereas responses induced by ultrafine particles from combusted coal are not Tlr-4-dependent. PMN
influx may be Tlr-4 dependent or independent depending on the stimulus. (This
abstract does not reflect EPA policy).
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EFFECTS OF PM2.5 COLLECTED FROM CACHE
VALLEY UTAH IN HUMAN BRONCHIAL EPITHELIAL
CELLS

T. L. Watterson1, J. Sorenson1, R. S. Martin2 and R. A. Coulombe1. 1Graduate
Toxicology Program and Department of Veterinary Sciences, Utah State University,
Logan, UT and 2Department of Civil and Environmental Engineering, Utah State
University, Logan, UT.
Epidemiological evidence shows that particulate matter (PM) air pollution is associated with increased cardiovascular and respiratory disease and mortality in people.
Particles ≤ 2.5 µm in diameter (PM2.5) is considered the most harmful.
Surrounded by mountains, the Cache Valley (CV) of Northern Utah has a population of about 100,000 with an equal number of dairy and beef cattle. In winter, the
valley is susceptible to temperature inversions which concentrate pollutants from
vehicle emissions and ammonia from cattle excreta to form ammonium nitrate, a
major constituent of CV PM2.5. While the annual PM2.5 average in CV is slightly
below the ambient standard (15 µg m-3) episodes of much higher PM2.5 are common. In February 2002, a PM2.5 concentration of 137.5 µg m-3 was recorded in
Logan, and in the winter of 2003-2004 several days with readings greater than 130
µg m-3 occurred. In order to study the potential health effects of CV particles, ambient PM2.5 were collected onto TFE filters at several CV locations during winters
of 2003-2005. Filters were extracted by tissue culture medium, and various concentrations of PM were added to cultures of human bronchial epithelial cells (BEAS2B). While PM2.5 exhibited minimal cytotoxicity by the MTT assay, it was more
potent than that of pure ammonium nitrate. Total RNA from PM2.5-exposed cells
were then examined for alterations of gene expression using Affymetrix Human
Genome U133 Plus 2.0 arrays and real time RT-PCR. There was a consistent and
dose-related up-regulation of genes associated with the inflammatory response and
cell death. Our data showing the effects of Cache Valley PM2.5 on such genes may
indicate a potential health impact associated with inhalation of CV PM2.5. In any
event, this preliminary data indicates the need for further research on the health effects of CV PM. (Supported in part by a grant from the Marriner S. Eccles
Foundation).

238

INFLAMMATION AND TISSUE DAMAGE IN THE
MOUSE LUNG CAUSED BY SIZE SEGREGATED
PARTICULATE SAMPLES COLLECTED IN DIFFERENT
SEASONS IN HELSINKI

M. S. Happo1, 2, R. O. Salonen1, A. I. Halinen1, P. Jalava1, 2 and M. Hirvonen1.
1
Department of Environmental Health, National Public Health Institute, Kuopio,
Finland and 2University of Kuopio, Kuopio, Finland. Sponsor: M. Viluksela.
The seasonal variation in urban air particulate composition may change their toxicity. We investigated the potency of four particulate size-ranges (PM10-2.5, PM2.5-1,
PM1-0.2 and PM0.2) on their ability to induce inflammatory responses in the mouse
lung. Particulate samples were collected in Helsinki using a modified Harvard high
volume cascade impactor in four seasons. Healthy C57BL/6J mice were intratracheally exposed to the particulate samples (10mg/kg). At 4 and 12 hours after the
exposure, the lungs were lavaged and the bronchoalveolar lavage fluid (BALF) was

assayed for indicators of inflammation and tissue damage: total cell number, total
protein concentration and cytokines (TNF-α, IL-6 and KC). PM10-2.5, PM2.5-1 and
PM1-0.2 clearly increased total cell number at 12 hours, whereas PM0.2 had no effect.
The PM10-2.5 and PM2.5-1 samples increased remarkably the cytokine concentrations
at 4 hours, but PM1.0-0.2 and PM0.2 had only minimal effects. The PM2.5-1 and PM10.2 samples of spring and autumn produced larger total cell numbers than those of
winter and summer. A similar pattern was seen with the cytokine responses to
PM2.5-1, whereas the PM1-0.2 caused no effect. The PM10-2.5 samples of spring, summer and autumn induced large cytokine concentrations, but the corresponding
winter sample had only a small effect. In conclusion, the inflammatory potency of
particulate samples varied due to seasonal differences in their sources and composition, spring and autumn being the seasons of highest inflammogenic activity in
Helsinki.
Grants: EC-FP5 contract QLK4-CT-2001-00423 and The Academy of Finland
and TEKES.
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CYTOTOXIC AND INFLAMMATORY RESPONSES TO
WATERSOLUBLE AND INSOLUBLE COMPONENTS OF
SIZE-SEGREGATED URBAN AIR PARTICULATE
MATTER IN VITRO
P. Jalava1, 2, R. O. Salonen1, A. I. Halinen1, M. Happo1, 2, A. S. Pennanen1, M.
Sillanpaa3, R. Hillamo3 and M. Hirvonen1. 1Department . of Environmental
Health, National Public Health Institute (KTL), Kuopio, Finland, 2University of
Kuopio, Kuopio, Finland and 3Finnish Meteorological Institute, Helsinki, Finland.
Sponsor: M. Viluksela.
It is unknown which urban air particulate components are responsible for the adverse health effects. Size-segregated ambient air particulate samples collected in six
European cities were studied. After extraction from the sampling substrate, watersoluble and -insoluble fractions of PM10-2.5 and PM2.5-0.2 were prepared. Mouse
RAW 264.7 macrophages were exposed for 24-hrs to total suspension of particulate
samples (150 µg/ml) and corresponding volumes of water-soluble and -insoluble
fractions. Nitric oxide (NO) production was measured by the Griess method, cytokine production (TNFα and IL-6) immunochemically (ELISA) and cytotoxicity
by using the MTT test. The associations of the main PM components i.e. SO4,
NO3, NH4, sea salt (SS), water soluble soil elements (WSS), other elements (OE)
and unidentified matter (UM) with the responses to total PM suspensions were
tested using linear regression. All the responses caused by the insoluble fraction
were similar to those caused by the corresponding total particulate suspension of
both the PM10-2.5 and PM2.5-0.2, the former size range being more potent than the
latter. Moreover, in PM2.5-0.2 the inorganic ions (SO4, NO3, NH4) were negatively
and WSS, OE and UM were positively associated with the inflammogenic and cytotoxic responses. WSS had the most consistent positive association with the responses to both the PM2.5-0.2 and PM10-2.5 samples, probably reflecting indirectly
the effect of corresponding insoluble constituents. In conclusion, the insoluble fraction of both PM2.5-0.2 and PM10-2.5 was mostly responsible for the inflammogenic
and cytotoxic responses in mouse macrophages.
Grants: EC-FP5 contract QLK4-CT-2001-00423, The Academy of Finland
and TEKES
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PULMONARY AND SYSTEMIC EFFECTS OF INHALED
COAL FLY ASH PARTICLES IN RATS
K. R. Smith1, J. M. Veranth2, U. P. Kodavanti3, M. C. Schladweiler3, I.
Espiritu1, J. J. Recendez1, A. E. Aust4 and K. E. Pinkerton1. 1Center for Health
and the Environment, University of California, Davis, CA, 2Pharmacology and
Toxicology, University of Utah, Salt Lake City, UT, 3NHEERL, USEPA, Research
Triangle Park, NC and 4Department of Chemistry and Biochemistry, Utah State
University, Logan, UT.
Particulate matter (PM) from coal-fired power plants is well controlled but there
may still be a significant exposure to workers and highly-impacted communities.
We explored the effect of coal fly ash (CFA) on markers of pulmonary and systemic
inflammation and injury in rats at two time points post exposure. Male SpragueDawley rats were exposed nose-only to CFA or filtered air, 4 hrs/day for 3 days.
Average concentration of CFA in the PM2.5 range was 1400 µg/m3, of which 600
µg/m3 was in the PM1 range. Following exposure to CFA the total number of neutrophils in bronchoalveolar lavage (BAL) increased up to 5.5-fold above control
values along with a significant increase in the percent of circulating neutrophils in
blood. MIP-2 in BAL and IL-1β in lung tissue were increased at 18 and 36 hours
post-exposure, respectively, while total antioxidant potential in lung tissue was increased at 18 hours post-exposure. Transferrin in BAL was also increased at 18
hours post-exposure. These findings indicate a significant increase in pulmonary
neutrophilic inflammation which was associated with an increase in circulating
neutrophils following exposure to CFA. Changes in chemokines and cytokines in
BAL and lung tissue are consistent with development of the neutrophilic inflammation observed in BAL following exposure to CFA. Increases in total antioxidant
potential likely reflect a compensatory response against reactive oxygen species produced by inhaled CFA and lung inflammation. The increase in transferrin in BAL
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suggests an increased availability of iron from inhaled CFA. These observations
strongly implicate exposure to CFA is associated with significant time-dependent
pulmonary and systemic alterations that are associated with adverse health effects.
(This research was funded by the Health Effects Institute)
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CHARACTERIZATION OF COARSE (PM10-PM2.5) AND
FINE (PM2.5) RESUSPENDED ROADWAY DUST IN THE
NORTHEAST, SOUTHEAST, SOUTHWEST AND
WESTERN U.S
J. McDonald, J. Seagrave and J. L. Mauderly. Toxicology, Lovelace Respiratory
Research Institute, Albuquerque, NM.
Resuspended dust, including paved road dust, contributes to both PM10 and
PM2.5 in ambient air. With the implementation of new air quality standards for
PM2.5, there is currently much debate on how to regulate PM10, particularly
PM10- PM2.5. On June 30, 2005 the U.S. EPA released a Staff Paper with a recommendation to regulate PM10- PM2.5, and to focus the regulation on urban
areas because of a perception that urban dust will be more of a health concern than
rural dust. Unfortunately the data on composition (and toxicity) of dust in these
specific size fractions is extremely sparse, and much of the suggestions that dust in
more urban areas is more toxic than non-urban areas is based on speculation. We
have conducted a study to characterize the composition of resuspended dust in several areas throughout the U.S., to define the chemical and physical characteristics of
dust in the coarse and fine fractions by region, including contrasts in cities that are
defined as rural and urban dominated. Samples were collected from street surfaces
in NY, NJ, GA, AL, NM, TX, KS, and CA. Approximately forty samples were
sieved and then aerosolized with a Wright Dust Feeder. Dust traversed through a
PM10 cyclone followed by a virtual impactor that allowed separation of coarse and
fine PM into discrete fractions. Samples were collected for analysis of particle size,
metal content, organic species and total organic carbon, endotoxin, protein, and
carbohydrate. Analysis showed that dust were primarily composed of earth metals
(Si, Al, Fe) and organic carbon, and that composition varied according to region. A
portion of the coarse and fine fractions were characterized for their response to in
vitro assessment of oxidant and inflammatory potential. Funding from the
National Environmental Respiratory Center, with contributions from several federal and non-federal sponsors.
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PARTICULATE MATTER INTERFERES WITH
COMMONLY USED IN VITRO ASSAYS AND
CONFOUNDS INTERPRETATION OF EXPERIMENTAL
RESULTS
J. M. Veranth, M. Koch, N. Cutler, C. A. Reilly, M. M. Veranth and G. S.
Yost. Pharmacology and Toxicology, University of Utah, Salt Lake City, UT.
Many studies of particulate matter (PM) toxicology adapt in vitro models and analytical methods that were originally developed for the study of drugs or soluble
xenobiotics. We report ongoing experiments designed to detect and quantify potential artifacts from particles that may lead to misinterpretation of the toxicology
results. A widely used in vitro model involves the measurement of cytokine release
and other responses in airway cells that have been treated with environmentally relevant PM. We find that some materials, such as carbon black and nanoparticles of
iron oxide, are able to adsorb IL-6 from the media reducing the apparent cytokine
response that is measured by ELISA. This is consistent with the results of Seagrave
et al. who studied IL-8 adsorption. Physical adsorption of cytokines by PM will
confound concentration-response studies when the response is small, and may lead
to false negatives. The Limulus Amebocyte Lysate (LAL) assay is used to measure
endotoxin in PM to help differentiate between the effects of lipopolysaccharide versus minerals and soluble metals in ambient samples. Our experiments show that the
concentrations of soil-derived PM typically used for in vitro exposures do not interfere with the LAL assay.
In conclusion, we have validated the LAL assay for use with up to 200 µg/mL of
soil-derived PM using a range of samples, and have shown that certain high surface
manufactured nanoparticles can interfere with IL-6 analysis. The possibility of particles physically interfering with the assays must be considered in the design and interpretation of in vitro PM toxicology experiments. This work was supported by
EPA STAR, SCERP, and NIEHS K25ES011281.
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DEVELOPMENT OF ALTERNATIVE IN VITRO
METHODS TO ASSESS PULMONARY TOXICITY OF
INHALED FINE AND NANO-SIZED PARTICLES
D. B. Warheit, T. R. Webb and K. L. Reed. DuPont Haskell Laboratory for Health
and Environmental Sciences, Newark, DE.
The successful development of in vitro assays with cultured pulmonary cells and
dusts is considered to be useful as a predictive screen during the early phases of
product development and inhalation toxicity testing. The potential advantages of
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these tests result from the fact that they are simpler, faster, less expensive and animal
intensive than their in vivo counterparts. The accuracy of results from in vitro
screening studies with both particles and fibers has been questioned. Accordingly,
we evaluated two pulmonary cell types, i.e. rat lung epithelial cells (L2) cells and rat
alveolar macrophages (AMs) both separately as well as in a co-culture system for
implementation for in vitro studies with particulates and to correlate the results of
in vitro studies with data generated from pulmonary bioassay studies in rats using
the same fine-sized and nano-sized particle-types. In this regard, we have assessed
the pulmonary toxicity of carbonyl iron particles, quartz particles, fine and Nano
zinc oxide particles, and precipitated amorphous silica particles. With regard to toxicity results, the in vivo studies have produced no unexpected surprises. For the in
vitro toxicity study, cytotoxicity was assessed using the MTT assay and by measuring for lactate dehydrogenase (LDH) activity in the culture fluid. Preliminary results thusfar have been somewhat problematic due to issues related to cell density,
appropriate dosages, and changing cell culture conditions. A dose response relationship was obtained with the in vivo studies but was not always evident with our
in vitro results. Both fine and nano zinc oxide particles were rather toxic to pulmonary cells (owing to a lack of clearance characteristics in vitro) but produced
transient pulmonary inflammatory responses in vivo. The initial findings suggest
that the in vitro co-culture system may provide some useful cytotoxicity data, but
cannot simulate the pulmonary inflammatory and clearance responses associated
with intact in vivo pulmonary systems.
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THE IMPORTANCE OF DAILY SAMPLING IN
CONCENTRATED AMBIENT PARTICLES AND
CELLULAR RESPONSE STUDY

E. Baja, X. Jin and L. Chen. Environmental Medicine, NYU School of Medicine,
Tuxedo, NY.
In vitro exposure techniques were used to measure the cellular response of human
bronchial epithelial cells (BEAS 2B) to fine concentrated ambient particles (CAPs)
collected from NYU PM Center Sterling Forest, Tuxedo, New York on weekdays
from 9 a.m. to 3 p.m., February-March, 2004. Nuclear Factor kappa B (NF-κB)
was used to check the cellular stress response that followed after the exposure to
CAPs. Daily and weekly fine CAPs samples were used and the Nuclear Factor kappa
B (NF-κB) activity of the cells of the weekly and daily samples were compared. The
results of the (NF-κB) assay revealed that the NF-κB activity for the weekly samples
was approximately the average of the NF-κB activity of the daily samples. Daily
sampling gave a more detailed version of the relationship between CAPs exposure
and cellular response of human bronchial epithelial cells than weekly sampling.
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ROLE OF IMMUNOMODULATION BY THE SELECTIVE
COSTIMULATION MODULATOR, ABATACEPT, IN
MOUSE MAMMARY TUMOR VIRUS (MMTV)INITIATED TUMORS

T. P. Reilly1, M. Abbott1, T. Golovkina2, J. Proctor1, L. Case2, C. Comereski1,
H. Fang1, S. Wells1, W. Freebern1, J. D. Frantz1, S. K. Durham1 and H. G.
Haggerty1. 1Drug Safety Evaluation, Bristol-Myers Squibb, Syracuse, NY and 2The
Jackson Laboratory, Bar Harbor, ME.
Abatacept is a selective costimulation modulator that prevents full T-cell activation.
As part of its drug development, a mouse carcinogenicity bioassay was conducted in
CD-1 mice subcutaneously dosed once weekly with 20, 65, or 200 mg/kg of abatacept for up to 88 weeks. Similar to other immunomodulators, an increased incidence of lymphomas was observed at all doses; a finding linked to the presence of
murine leukemia virus. However, there was also an unexpected increased incidence
of mammary gland tumors in mid- and high-dose females. We hypothesized that
these mammary tumors were attributed to the concomitant presence of the pathogenic murine oncovirus, MMTV, in the context of prolonged immunomodulation.
Abatacept was non-genotoxic and MMTV RNA and protein were detected in the
mammary tumors. Sustained immunomodulation was evident at all doses based on
inhibition of drug-specific antibody (Ab) responses. Similar to ILn/J mice known
to be resistant to MMTV via an IFN-gamma, Ab-mediated mechanism, CD-1
mice developed MMTV-specific polyvalent and IgG2a Ab responses. Functional
assessments indicated that these Ab responses were neutralizing and sufficient to inhibit the infectivity of MMTV, thereby substantiating this Ab response as a potential mechanism of MMTV resistance in CD-1 mice. In CD-1 mice with an established infection and ILn/J mice with an early infection, abatacept significantly
suppressed but did not abrogate anti-MMTV Ab responses. Although there was no
evidence of increased viral levels, proliferation, preneoplastic lesions, or mammary
tumors in either strain through 9 months of dosing, at least in part because the
residual neutralizing Ab activity was sufficient to suppress tumorigenesis, these data

provide additional support for the hypothesis that chronic immunomodulation of
MMTV-specific immunity may have been a key determinant of mammary tumor
development in the mouse bioassay of abatacept.
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ENHANCEMENT OF INNATE IMMUNE RESPONSES
AND OXIDATIVE EVENTS AFTER EXPOSURE TO
PARTICULATE MATTER PRESENT IN URBAN AIR
POLLUTION

A. Campbell, L. B. Mendez, A. Becaria, H. Li and M. Kleinman. COMM.. &
Env. Medicine, University of CA, Irvine, Irvine, CA.
We have recently reported that exposure to particulate matter (PM) present in
urban air pollution may potentiate events connected to neurodegenerative disorders. The present study evaluated the effects of concentrated PM on several innateimmune related mediators in the brain. The activated levels of the transcription factors NF-kappaB and AP1 were enhanced. Toll-like-receptor 2 (TLR2) was
increased and there was an increase in oxidative modification of proteins as illustrated by enhanced nitrotyrosine levels. The presence of endotoxin was evaluated
and found to be elevated in the PM fraction. This may have contributed to the effects observed. It is possible that complex environmental exposures can trigger an
innate-immune response and by doing so aggravate already existing age-related adverse events.
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TOXICOLOGIC INVESTIGATIONS OF 1-FURAN-2-YL-3PYRIDIN-2-YL-PROPENONE IN FEMALE BALB/C MICE:
SUBACUTE IMMUNOTOXICITY

T. Jeon1, S. Lee1, C. Jin1, G. Kim1, I. Jun1, D. Lee1, A. Basnet1, H. Jeong2, E.
Lee1 and T. Jeong1. 1College of Pharmacy, Yeungnam University, Gyeongsan, South
Korea and 2College of Pharmacy, Chosun University, Gwangju, South Korea.
1-Furan-2-yl-3-pyridin-2-yl-propenone (FPP-3) has recently been synthesized and
characterized to have an anti-inflammatory activity through the inhibition of the
production of nitric oxide and tumor necrosis factor-α. In our preliminary study,
FPP-3 could be classified to the fourth toxicity class by the Hodge-Sterner classification in both ICR mice and Sprague-Dawley rats. In the present study, adverse effects of FPP-3 on immune functions were determined in female BALB/c mice.
When mice were administered with FPP-3 at 125, 250 or 500 mg/kg for 7 consecutive days orally, FPP-3 significantly suppressed the number of antibody-forming
cells and reduced spleen and thymus weights at 500 mg/kg. In addition, FPP-3 administered mice exhibited reduced splenic cellularity and numbers of splenocyte
subsets, such as CD3+ cells, CD3+CD4+ cells, CD3+CD8+ cells and macrophages.
Moreover, the number of CD4+IL-2+ and CD4+IL-4+cells were reduced about 30%
and 40% following administration of mice with 500 mg/kg of FPP-3, respectively.
In ex vivo splenic lymphocyte proliferation assay, FPP-3 inhibited proliferation by
Con A, but not LPS. These results suggested that FPP-3 at 500 mg/kg might cause
immunosuppressive effects, and that FPP-3-induced immunosuppression might be
mediated, at least in part, through the inhibition of cytokine production, such as
IL-2 and IL-4. (Supported by the grant from Korea Science and Engineering
Foundation).
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E. COLI HEAT-LABILE ENTEROTOXIN B-SUBUNIT
(HF1020) IS A POTENT IMMUNE MODULATOR
CAPABLE OF INHIBITING AIRWAY INFLAMMATION IN
A MURINE MODEL OF ASTHMA

N. A. Williams1, H. K. Bone1 and J. Murphy2. 1KWS BioTest, Bristol, United
Kingdom and 2Hunter Fleming Limited, Bristol, United Kingdom. Sponsor:
R. Harling.
The B-subunit of E.coli heat-labile enterotoxin (HF1020) forms a highly stable
pentameric ring which lacks any of the toxic activities associated with the presence
of an additional A-subunit moiety within the whole toxin. HF1020 has been established to be a potent immune modulator capable of preventing or treating autoimmune disease in animal models of arthritis and diabetes. The mechanism of action
of HF1020 involves binding to ganglioside receptors and inducing the activation of
a population of T regulatory cells. Given this functionality, we hypothesised that
HF1020 may be similarly active in controlling the pathological processes underlying asthma. HF1020 was tested in a mouse OVA model of asthma, and showed a
potent ability to inhibit a number of parameters of relevance to human disease.
HF1020 reduced i) numbers of inflammatory cells in lung fluids, ii) the levels of
IgE and the IgE promoting cytokine, IL-4, in lung fluids, iii) controlled systemic
IgE levels, and iv) potently inhibited inflammatory cytokine production by T cells
responding to the allergen. Most importantly, treatment was able to inhibit airway
hyperesponsiveness as revealed by unrestrained whole body plethysmography.
HF1020 therefore represents an exciting new candidate anti-asthma agent.
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EFFECT OF DIESEL EXHAUST EXPOSURE ON
MUCOSAL SENSITIZATION TO OVALBUMIN ANTIGEN

T. Stevens2, M. Daniels1, E. Boykin1, W. Linak1 and I. Gilmour1. 1USEPA,
Research Triangle Park, NC and 2Curriculum in Toxicology, University of North
Carolina - Chapel Hill, Chapel Hill, NC.
Several studies in humans and animals have shown that diesel exhaust (DE) can act
as an immunological adjuvant to increase the severity of Type I hypersensitivity immune responses. The mechanism by which DE causes these effects is unknown but
thought to be associated with lung injury and inflammation. This study utilized a
freshly generated inhalation exposure along with mucosal sensitization and challenge with ovalbumin antigen. Balb/C mice were exposed to air, 0.5, or 2 mg/m3
for 4 hours a day for 5 days. After the diesel exposure on the first three days, mice
were anesthetized and exposed intranasally to 100 µg ovalbumin in 20 µl of PBS.
On Days 18 and 28, mice were challenged intranasally with 100 µg OVA in 20 µl
PBS, and euthanized 24, 48, and 96 hours after the last challenge. Immune and inflammatory markers were then assessed in serum, lungs and lymph nodes. The results showed no significant changes in biochemical markers of injury and edema in
lung lavage fluid at any time. Pulmonary cell differential counts showed an increase
in neutrophils at the high dose as early as 24 hrs after the last challenge. Both low
and high diesel groups had increased neutrophils at 48 which subsided by 96 hrs.
Eosinophils showed an increasing trend in both low and high diesel groups at the
48 and 96 h time points. Lymphocytes were also increased in both diesel groups at
the 48 and 96 time points. Ova specific IgE increased above control (air expoosed
animals) levels at the 48 h time point in the high dose diesel. Collectively the results
demonstrate that diesel exhaust generated in this system causes mild adjuvant effects in a mouse model employing local (mucosal) sensitization. Further analysis of
gene expression in lung and lymph nodes at the early timepoints are underway to
identify signaling pathways responsible for this effect. (This abstract does not reflect
EPA policy.)
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PROINFLAMMATORY EFFECTS OF 2’METHOXYETHYL
(MOE) NON-CPG ANTISENSE OLIGONUCLEOTIDES
(ASO) IN THE RAT

L. J. Shen, K. Kramer-Stickland, R. Fey, E. Hatcher, G. Hung, S. P. Henry and
A. A. Levin. ISIS Pharmaceuticals, Inc., Carlsbad, CA.
Scope: The proinflammatory effects of a second generation 2’MOE modified ASO
targeting human TNF-α (ISIS 104838) was characterized in rats. A scrambled control ASO (ISIS 141923) was evaluated for sequence dependency.
Methods: Male rats were given ASO via subcutaneous injection at 1.6-150
mg/kg/wk for 5-13 weeks. Spleen weight, plasma cytokine/chemokines
(SearchLight multiplex array and ELISA) and total plasma IgM (ELISA) were
measured.
Results: Splenomegaly was observed at doses ≥15 mg/kg/wk after 3 months, and as
early as 2-3 weeks at doses ≥30 mg/kg/wk (1.3 to 3.8 fold over controls). Tracemild inflammatory cell infiltrates in kidney were observed at doses ≥15 mg/kg/wk
after 3 months, and as early as 2 weeks at ≥60 mg/kg/wk. These findings progressed
in a generally dose- and time-dependent manner and were similar between both
ASOs at similar dose levels. Evaluation of inflammatory mediators in plasma
showed a preferential increase in chemokines but not in cytokines. Plasma MCP-1
levels were increased ≈3-fold after 4 weeks of treatment of either ASO at 60
mg/kg/wk, however, there was no clear dose-dependence. Plasma IgM was also similarly elevated in a dose and time-dependent manner with both ASOs.
Dexmethasone at 1.5 and 3 mg/kg/wk for two days prior to co-treatment with ISIS
104838 at 60 mg/kg/wk mitigated cell infiltrates, splenomegaly, and plasma IgM
response to ASO, with 30-50% reduction of IgM levels. However, there was no effect on ASO-induced increases in MCP-1. Methylprednisolone also showed similar
results.
Conclusions:
The proinflammatory effects of 2’MOE ASO in rats are similar to those characterized in mice and appear to be driven by chemokine induction. Proinflammatory effects of ASOs are common in rodents, but not in monkeys and humans. Steroid
treatment inhibited the immunoproliferative response (characterized by
splenomegaly and IgM in plasma). However, it does not prevent the ASO induced
increases in chemokines. Plasma MCP-1 and IgM could be useful markers for
monitoring ASO-induced proinflammatory effects.
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DRUG-INDUCED THROBOCYTOPENIA IN BEAGLE
DOGS: A CASE STUDY

W. Olivier, G. Francoise, B. Anne, B. Helene, V. Guy and C. Nancy. Drug
Safety Assessment, Servier, Orleans, France.
Drug-induced thrombocytopenia is regarded as a major concern in drug development. During its pre-clinical evaluation, the toxicological profile of a drug candidate was investigated in beagle dogs. At the end of a 4-week study, a markedly low

SOT 2006 ANNUAL MEETING

51

platelet count (down to 23 G/l) occurred in 1/6 dogs at the highest dose, 45 mg/kg.
In the following 13-week study, particular attention was paid on hematology with
special investigations scheduled. Six dogs/sex/group were dosed orally at 0, 5, 15 or
45 mg/kg/day. Hematologic parameters were monitored weekly and possible causes
and consequences of thrombocytopenia were assessed. The marked decrease in
platelets occurred again from Week 4, for 1/12 dogs at 15 mg/kg (down to 14 G/l)
and 7/12 dogs at 45 mg/kg (down to 25 G/l). For all these animals, higher platelet
volumes (up to 27.1 fl) were associated. Slightly later than these changes, red blood
cells were also markedly reduced for most thrombocytopenic dogs (down to 1.7
T/l). No major blood loss or haemorrhages were observed during clinical monitoring, ophthalmology or histomorphology excluding this etiology for the anemia and
thrombocytopenia. There was no evidence of blood sequestration (e.g. in the
spleen) and a direct toxicity on platelets was excluded since ex vivo platelet aggregation and ultrastructural morphology were not modified. Myelograms and extensive
extramedullary hematopoiesis showed that a regenerative process occurred demonstrating the peripheral origin of these hematologic disorders. Several findings were
indicative of an immune-mediated mechanism. Albumin to globulin ratio increased owing to a high γ-globulin fraction. IgM and IgG serum levels were elevated and active lymphoid follicles were observed in thymus and lymph nodes. No
immediate recurrence occurred when one thrombopenic dog was re-challenged
after a 4-week wash-out period suggesting a lack of hypersensitivity reactions. The
presence of serum anti-platelet antibodies and a positive direct Coomb’s test supported an autoimmune phenomenon.
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EFFECT OF NATALIZUMAB ON PRIMARY AND
SECONDARY HUMORAL RESPONSES IN
CYNOMOLGUS MONKEYS

C. Hurst1, S. Parker1, V. Palmer1, N. Wehner2 and J. Clarke1. 1Biogen Idec,
Cambridge, MA and 2Elan, South San Francisco, CA.
Natalizumab is a recombinant humanized antibody that binds to the α4 subunit of
human integrin and blocks the interaction of α4β1 integrin on leukocytes with vascular cell adhesion molecule-1 expressed on endothelial cells, inhibiting leukocyte
trafficking into the underlying tissue. Natalizumab is approved for multiple sclerosis and is being developed for patients with Crohn’s Disease. The objective of this
study was to evaluate the effect of natalizumab treatment on the humoral immune
response to T cell-dependent antigens in cynomolgus monkeys. Cynomolgus monkeys were administered natalizumab by IV infusion at doses of 0, 3 or 30 mg/kg,
once weekly for six weeks. Animals were immunized with both keyhole limpet hemocyanin (KLH, during dosing on Days 7 and 35, and following the cessation of
dosing on Day 63) and tetanus toxoid (TT; following the cessation of dosing on
Days 56 and 70) and serum IgM and IgG antibody responses were measured. All
dose groups mounted both an IgM and IgG response after immunization with either antigen, although the response was variable within each group. Peak antibody
titers occurred 10-14 days post-immunization or boost in all groups. Anti-KLH
IgM titers were slightly lower in natalizumab treated animals at Days 17 and 21 but
not at Day 28, and following subsequent KLH immunizations, no statistically significant effects on anti-KLH IgM titers were observed. Anti-KLH IgG titers were
not different between groups at any time-point. Following initial TT immunization
(Day 56), high-dose animals had a greater percentage of non-detectable levels of
anti-TT IgM and IgG at Days 66 and 70, respectively. However, after the TT
boost, anti-TT IgM and IgG titers were comparable across all groups. Overall, natalizumab did not appear to significantly impair the ability to mount a primary or
secondary humoral response to a T cell-dependent antigen that was administered
either during the course of natalizumab treatment or after cessation of treatment,
although some slight reductions were noted in the primary immune responses at
early time points.
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EFFECT OF ABATACEPT ON THE DEVELOPING
IMMUNE SYSTEM IN A STUDY OF PRE- AND
POSTNATAL DEVELOPMENT IN RATS

H. G. Haggerty1, L. Iciek1, 4, J. Jones1, M. A. Abbott1, D. G. Gonchoroff1, L.
Phelps1, D. DeVona1, T. Bigwarfe1, R. W. Diters1, R. Weiner2, H. Dong2, R.
York3, N. Catricks3, T. J. Davidson1 and E. Lochry2. 1Immunotoxicology, BristolMyers Squibb, East Syracuse, NY, 2Drug Safety Evaluation, Bristol-Myers Squibb,
New Brunswick, NJ, 3Charles River Laboratories, Horsham, PA and 4Currently
Global Preclinical Safety, Abbott Laboratories, Abbott Park, IL.
Abatacept is a novel costimulation modulator that prevents full T-cell activation.
The effect of abatacept on the developing immune system of pups
(10/sex/group/timepoint) dosed with abatacept (10, 45, or 200 mg/kg) during gestation and through lactation was evaluated. Endpoints included serum drug and
anti-drug antibody (Ab) levels at Postnatal (PN) Weeks 3, 8, and 16; T-cell-dependent Ab response to KLH, lymphoid organ weights, splenic lymphocyte and
natural-killer cell phenotypic analysis, and serum Ig levels at PN Week 7/8; serum
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anti-nuclear Abs and Ig levels, clinical pathology, and histopathology of lymphoid
organs (lymph nodes, spleen, thymus, and bone marrow) and selected organs prone
to autoimmune diseases (kidney, thyroid gland, pancreas, stomach, and
testes/ovaries) at PN Week 16. Dose-dependent levels of abatacept were observed in
maternal milk and serum on Day 12 of lactation and in the serum of the pups on
PN Week 3 but not on PN Week 8; abatacept-specific antibodies were not detected. There were no changes in any parameters at 3-fold the human exposure
based on AUCs. The only changes at 11-fold human exposures were limited to female pups and consisted of a 9-fold increase in the mean T-cell-dependent Ab response to KLH and moderate inflammation of the thyroid of 1 female rat out of 10
male and 10 female rats evaluated at this dose level in this cohort. Since, among all
the immune parameters evaluated, there were only 2 findings that were limited to
only 1 sex or 1 animal at the highest dose evaluated, the risk for an effect by abatacept on the developing immune system of human progeny at anticipated clinical
exposures is predicted to be low.
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THE EFFECT OF MMA-SS WELDING FUMES ON THE
HUMORAL IMMUNE RESPONSE IN B6C3F1 MICE

S. E. Anderson, B. J. Meade and A. E. Munson. NIOSH, Morgantown, WV.
The purpose of this study was to determine the effects of manual metal arc stainless
steel welding fume particulates (MMA-SS) on the immune system. MMA-SS
(Lincoln Electric Co., Cleveland, OH) were determined to consist of Fe and Ni in
the insoluble portion, with Cr and Mn in the soluble portion. Total, soluble, and
insoluble MMA-SS particulate were directly exposed to splenocytes derived from
female B6C3F1 mice. Viability studies identified the EC50 value to be 6.4 ug/ml;
MMA-SS concentrations of 5, 2.5 and 1.25 ug/ml were used for experiments.
Significant decreases in the total IgM (antibody response to sRBC)/106 viable cells
(87%, 67%) and total IgM/well (73%, 58%) was observed in the splenocytes exposed to 5 ug/ml of total and soluble MMA-SS welding fumes, respectively. Female
B6C3F1 mice were administered MMA-SS by pharyngeal aspiration every 5 days
over a 20 day period at concentrations of 10 mg/kg and 20 mg/kg with no observed
changes in body weight and a 32% (p < 0.05) increase in lung weight. A dose dependent decrease in the number of AFC/106 cells and AFC/spleen in response to
i.v. immunization with sRBC were observed after pretreatment with MMA-SS. The
specific activity (IgM AFC/106 spleen cells) was decreased 18 and 33% following
exposure of mice to 10 or 20 mg/kg respectively. A decrease in AFC/lung associated lymph nodes (LALN) was also observed in response to i.t. immunization with
sRBC after exposure to MMA-SS. There was a 75% (p < 0.01) and 42% (p < 0.05)
decrease in AFC /LALN after exposure to 20 mg/kg and 10 mg/kg, respectively.
The immunosuppressive effects seen may be caused by the direct release of soluble
MMA-SS metals or indirect actions mediated via the hypothalamic pituitary axis or
due to the local inflammatory process.
These studies were supported in part by IAG# NIEHS Y1-ES0001-06.
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EVALUATION OF PERFLUOROOCTANOIC ACID
IMMUNOTOXICITY IN ADULT MICE

B. Luebke1, C. B. Copeland1 and J. C. DeWitt2. 1Immunotoxicology Branch,
USEPA, ORD, NHEERL, ETD, Research Triangle Park, NC and 2Curriculum in
Toxicology, University of North Carolina, Chapel Hill, NC.
Perfluorooctanoic acid (PFOA) is used in the manufacture of fluoropolymers and
may be formed by metabolism or degradation of other perfluoroalkyl acids. Safety
concerns led the U.S. EPA to conduct a risk assessment of PFOA and related compounds due to their environmental persistence and serum levels of PFOA in the
general population. Dietary exposure to PFOA was reported (Yang et al., 2000) to
cause reversible thymic and splenic atrophy and suppression of the primary and secondary antibody responses to horse red blood cells in mice. The immunotoxic effects of PFOA were not observed in mice lacking the peroxisome proliferator-activated receptor α (PPAR α). Given the level of Agency concern and lack of
corroborating studies, we evaluated the immunotoxicity of PFOA in adult mice.
C57Bl/6J females were exposed to 30 mg/kg/d of PFOA (to approximate the daily
dietary intake reported by Yang et al.) by gavage for 10 d. Mice were immunized
with SRBC or sensitized to BSA on d11; a subgroup continued PFOA exposure
(continuous, a total of 15 doses) and another subgroup of PFOA mice were
switched to gavage with vehicle for an additional 5 exposures (recovery; 10 doses of
PFOA, 5 of water). Body and spleen weights were decreased and liver weights were
increased by constant exposure; body and spleen weights were similar in controls
and the PFOA recovery group, but liver weights remained elevated in the recovery
group. IgM responses were suppressed by constant PFOA exposure but were similar
to control values in the recovery group. IgG responses were similar in all groups of
mice boosted 2 weeks after primary immunization. Constant PFOA exposure was
associated with a trend (p=0.06) toward suppressed DTH responses. These data indicate that constant PFOA exposure suppresses humoral immunity and may adversely affect cell mediated immunity, but the effects are relatively short-lived. (This
abstract does not reflect EPA policy.)
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ORAL EXPOSURE TO PERFLUOROOCTANE
SULFONATE (PFOS) FOR 28 DAYS SUPPRESSES
IMMUNOLOGICAL FUNCTION IN B6C3F1 MICE

M. Peden-Adams1, J. Stuckey2, J. EuDaly1 and D. Keil3. 1MUSC, Charleston, SC,
2
College of Charleston, Charleston, SC and 3UNLV, Las Vegas, NV.
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. This study examined the effects of PFOS on lymphocyte proliferation, splenic natural killer cell activity, PFC responses, thymic and splenic immunophenotypes, and immune organ weights cellularity. Adult male and female
B6C3F1 mice were exposed via gavage for 28 days. The exposure concentrations
were calculated to provide a Total Dose of 0, 0.005, 0.05, 0.1, 0.5, 1 or 5 mg/kg at
the end of the 28 days. Based on analytical data in the literature this concentration
range covers environmentally relevant levels in both humans and wildlife. In female
mice, NK cell activity was not affected by PFOS treatment. T- and B-cell proliferation were suppressed compared to control by 1 and 5 mg/kg. The PFC response
was suppressed by treatment with 0.5, 1 and 5 mg/kg. In male mice, NK cell activity was increased by treatment with 0.5 and 1 mg/kg. B-cell proliferation only was
suppressed in the males at 5 mg/kg and the PFC response was suppressed beginning
at 0.05 mg/kg. These data suggests that at environmentally relevant ranges PFOS
may alter immunity.
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AHR ACTIVATION PROTECTS MICE FROM LETHAL
CHALLENGE WITH STREPTOCOCCUS PNEUMONIAE,
BUT THE IMPROVED SURVIVAL DOES NOT RESULT
FROM AN ENHANCED INFLAMMATORY RESPONSE

B. A. Vorderstrasse and B. Lawrence. Pharmaceutical Sciences, Washington State
University, Pullman, WA.
Streptococcus pneumoniae is a common respiratory pathogen and a major cause of
morbidity and mortality in humans, particularly in the elderly and young children.
The pulmonary immune response to S. pneumoniae is initiated very rapidly, and
ideally, innate and inflammatory immune responses are able to contain bacterial
colonization. In the studies presented here, we sought to determine whether activation of the aryl hydrocarbon receptor (AhR) by TCDD would protect mice from an
otherwise lethal infection with S. pneunoniae. At first glance, the rationale for this
hypothesis may seem incongruous with the large body of data indicating that most
AhR agonists are potent immunosuppresants. However, AhR activation also enhances the inflammatory response to pathogenic and nonpathogenic stimuli.
Specifically, neutrophil numbers and levels of inflammatory cytokines are often increased in antigen-challenged TCDD-treated mice, and it is precisely these cells
and mediators that are important in the first line of defense against S. pneumoniae.
To test the hypothesis, vehicle- or TCDD-treated mice were intranasally infected
with S. pneumoniae. Mortality was monitored in one cohort of mice, while pulmonary bacterial burden, cytokines/chemokines, and influx of immune cells to the
lung were analyzed in separate groups of animals sacrificed at various times post-infection. As predicted, survival was substantially improved in the mice treated with
TCDD, and the pulmonary bacterial burden was decreased. However, we were surprised to find no evidence that this protection resulted from an enhanced inflammatory response. In fact, neutrophil numbers and inflammatory chemokines and
cytokines were all decreased in the TCDD treated mice relative to vehicle controls.
This suggests that the protective effect of TCDD is not the result of altered immune function, but instead reflects a direct effect on the response of lung epithelial
cells to infection.
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DEFINING THE CONTRIBUTION OF ARYL
HYDROCARBON RECEPTOR (AHR)-MEDIATED
DEFECTS IN DENDRITIC CELL AND T CELL
FUNCTION RESULTING IN A DIMINISHED
CYTOTOXIC T LYMPHOCYTE (CTL) RESPONSE

J. J. Neumiller1, 2, J. A. Cundiff1 and B. Lawrence1. 1Pharmaceutical Sciences,
Washington State University, Pullman, WA and 2NIH Post-Doctoral Immunology
Training Program, Pullman, WA.
2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) is one of the most immunotoxic
compounds known, suppressing clonal expansion and differentiation of CD8+ T
cells in an AhR-dependent manner, resulting in a diminished CTL response.
However, the mechanism by which TCDD impairs CTL responses has proven elusive, as direct effects on T cells have been difficult to demonstrate in vitro. Within
our current studies, we have investigated the cellular targets responsible for the sup-

pressed CTL response in a murine model of infection with human influenza A
virus. Using a combination of AhR-/- and AhR+/+ bone marrow chimeric mice and
the adoptive transfer of AhR-/- CD8+ T cells into wild-type mice, we first demonstrated that the impaired CD8 response is due to AhR-mediated events within the
hematopoietic system, but extrinsic to the CD8+ T cell population. This information led us to hypothesize that defects in dendritic cell (DC) function are responsible for the diminished CTL response. To test DC function in vehicle- and TCDDtreated mice, we used CFSE to label respiratory DC (RDC) in situ, and tracked
RDC migration from the lung to the mediastinal lymph nodes (MLN). We found
that the infection-associated migration of RDC (i.e., CD11c+ IA/IE+ CFSE+ cells)
to the MLN was unaffected by TCDD. Additionally, RDC from both vehicle- and
TCDD-treated infected mice expressed equivalent levels of the activation markers
CD86 and CD40. Collectively, these findings suggest that defects in trafficking or
maturation of RDC do not underlie the impaired CTL response.

259

REDUCED PARASITE BURDENS ARE NOT
CORRELATED WITH ELEVATED TNF LEVELS IN
LEISHMANIA MAJOR-INFECTED TCDD-TREATED MICE

K. Sommersted and G. DeKrey. School of Biological Sciences, University of Northern
Colorado, Greeley, CO.
C57Bl/6 mice are resistant to subcutaneous infection with L. major. Previous studies in this laboratory have shown that exposure of L. major-infected mice to
2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) caused an unexpected and dose-dependent decrease in parasite burdens on day 20 post infection. Studies by others
have shown that acute inflammatory responses to antigen are enhanced by TCDD
exposure, an effect that is dependent upon enhanced tumor necrosis factor (TNF)
production. TNF is an important cytokine associated with resistance to L. major in
mice: depletion of TNF leads to increased parasite burdens whereas supplemental
TNF leads to decreased parasite burdens. In this study, we hypothesized that reduced L. major burdens following TCDD exposure are caused by elevated TNF
production. Dorsal air pouches were raised on female C57Bl/6 mice and used as a
site for infection. Mice were given peanut oil or TCDD at 40 µg/Kg po. one day
prior to infection with 3 x 106 L. major promastigotes. Pouch fluid was collected at
0, 1.5 and 4 hours post infection for measurement of TNF. No TNF was detected
at time 0, whereas approximately 10 and five pg/mL TNF was detected at 1.5 and
four hours, respectively. No statistically significant difference between control and
TCDD-treated mice was found. These data suggest that TCDD does not cause reduced parasite burdens through elevation of acute TNF production following infection with L. major.
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INVESTIGATING THE ROLE OF THE NEUROIMMUNE
AXIS IN PCB-INDUCED IMMUNOTOXICITY USING A
FISH MODEL

J. Duffy and J. T. Zelikoff. Department of Environmental Medicine, New York
University School of Medicine, Tuxedo, NY.
In recent years, evidence for an aryl hydrocarbon receptor (AhR)-independent
mechanism of polychlorinated biphenyl (PCB)-induced immunotoxicity has been
accumulating. Investigations in this laboratory have demonstrated that a noncoplanar PCB congener (PCB 153) can produce immunological alterations in the absence of CYP1A induction. Based upon these results, studies were initiated to examine the role of the neuroimmune axis, specifically the serotonergic component,
as a potential mechanism of PCB-induced immunotoxicity. Using the feral fish
species bluegill sunfish as a model, the role of serotonin (5-HT) on immune competence and the impact of PCB exposure on the serotonergic system was evaluated.
To determine if 5-HT is important for mounting an immune response in our
model, splenic T- and B-lymphocyte proliferation was measured in fish that received an i.p. injection of parachlorophenylalanine (pCPA, a specific inhibitor of
the rate-limiting enzyme in 5-HT synthesis, tryptophan hydroxylase [TPH]), or
were exposed to 5-HT in vitro. Results demonstrated that in vivo exposure of fish to
pCPA significantly depressed both T- and B-lymphocyte proliferation; in vitro exposure of bluegill splenocytes to 5-HT similarly inhibited lymphocyte proliferation. The effect of PCBs on the bluegill serotonergic system was evaluated by measuring whole brain TPH in fish previously exposed via i.p. injection to either PCB
153 (5.0 or 50.0 µg/g BW) or PCB 126 (0.01 or 1.0 µg/g BW). Results demonstrated that TPH protein levels were significantly increased in fish treated with the
highest dose of PCB 153 at 3 d post-PCB injection. Collectively, results from these
studies demonstrate: immunomodulation by a noncoplanar PCB congener in the
absence of AhR induction; that 5-HT plays a role in bluegill immune responsiveness; and, that noncoplanar PCB 153 can alter the serotonergic system. This study
provides evidence for a possible AhR-independent mechanism of noncoplanar
PCB-induced immunotoxicity. Hudson River Foundation Graduate Fellowship
and USACEHR No. DAMD 17-99-9011.
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T-2 TOXIN DIMINISHES HOST RESISTANCE TO
RESPIRATORY REOVIRUS INFECTION

M. Li1, 2, 3, J. R. Harkema3, Z. Islam1, 2, 3, C. F. Cuff4 and J. Pestka1, 2, 3.
1
Department of Microbiology and Molecular Denetics, Michigan State University,
East Laning, MI, 2Food Science and Human Nutrition, Michigan State University,
East Laning, MI, 3Pathobiology and Diagnostic Investigation, Michigan State
University, East Laning, MI and 4Department of Microbilogy and Immunology, West
Virginia University, Morgantown, WV.
Tricothecene mycotoxins have previously been reported to have both immunosuppressive and immunostimulatory effects. The objective of this study was to test the
hypothesis that T-2 toxin alters host resistance and pathogenesis of reovirus infection in the lung. Balb/c mice (4 wk old) received an intraperitoneal injection of
1.75mg/kg of T-2 toxin and then intranasally infected with 107 plaque forming
unit (PFU) of reovirus, strain Lang (T1/L). Mice were sacrificed at 3, and 7 day
post infection (PI) and bronchoalveolar lavage fluid (BALF) collected. Lung tissues
were processed for light microscopic and biochemical analyses. At 10 d PI both
virus titers and reovirus L2 gene expression were 10-fold higher in the lungs of T-2
treated mice compared to controls. No-effect and lowest-effect levels for T-2 toxininduced suppression of reovirus clearance were 20 and 200 µg/kg, respectively.
Respiratory reovirus infection resulted in a more marked bronchopneumonia in T2 treated mice compared to that in control mice. The number of neutrophils in
BALF from reovirus-infected andT-2-treated were 4-fold greater than mice receiving only the virus at 7 d PI. Results from flow cytometric bead array analysis for soluble cytokines in BALF indicated that T-2 toxin enhanced the virally-induced expression of IL-6 and MCP-1 at 3 and 7 d PI and suppressed the viral-induced
IFN-γ expression at 3 d PI. In summary, pretreatment with T-2 toxin markedly increased the viral lung burden, the severity of the viral-induced bronchopneumonia
with associated increases in neutrophils, and modulation of viral-induced inflammatory cytokines in the lungs of reovirus infected mice. (Supported by a MSU
Foundation Strategic Research Grant.)
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AN ANIMAL MODEL FOR DETRIMENTAL AND
BENEFICIAL EFFECTS OF ETHANOL WITH REGARD
TO THE ACUTE PHASE RESPONSE

B. S. Pruett and S. B. Pruett. Cellular BIology & Anatomy, LSU Health Sciences
Center, Shreveport, LA.
Excessive ethanol (EtOH) consumption is associated with an increased risk of cardiovascular disease, but moderate EtOH consumption is associated with decreased
risk of cardiovascular disease. Recent epidemiological and experimental studies indicate that inflammation, particularly the acute phase response, is associated with
cardiovascular disease and that moderate EtOH consumption correlates with decreased levels of acute phase proteins in humans. However, the causative relationships and detailed mechanisms involved in these associations are not known, in part
because of the lack of an effective animal model. In the present study, mice were
given EtOH (32% in water) by gavage, and the acute phase proteins serum amyloid
A (SAA) and serum amyloid P (SAP) were measured by ELISA. In B6C3F1 mice, a
high dosage of EtOH (6 g/kg) increased blood levels of SAA and SAP, with maximum values observed 24 hr after dosing. In contrast, a lower dosage (3 g/kg) did
not significantly increase the concentration of acute phase proteins. We hypothesized that a high dosage of EtOH acts by decreasing gastrointestinal barrier function and increasing the translocation of bacteria and endotoxin into the blood.
Administration of EtOH at 6 g/kg to C3H/HeJ mice (TLR4 mutant, endotoxin
hyporesponsive) was not associated with an increase in SAA concentration at 24 hr,
whereas the same treatment of C3H/HeOuJ mice (TLR4 wild type) did cause a significant increase in SAA at 24 hr. This supports the hypothesis. The ability of moderate EtOH dosages to inhibit an acute phase response was demonstrated by inhibition of IL-6, SAA, and SAP production induced by exogenous LPS (25
µg/mouse, iv) at 3 hr after LPS administration. EtOH at dosages of 3-5 g/kg inhibited these responses. Therefore, the mouse model described here exhibits similar
suppression of the acute phase response associated with moderate drinking and exacerbation of the acute phase response associated with heavy drinking in humans.
This work was supported by NIAAA grant AA009505.
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DUAL, INDEPENDENT MECHANISMS OF ACTION OF
ETHANOL IN THE MODULATION OF CYTOKINE
PRODUCTION

M. Glover, Q. Zheng, R. Fan and S. B. Pruett. Cellular BIology & Anatomy, LSU
Health Sciences Center, Shreveport, LA.
Acute high dose (binge) ethanol (EtOH) causes a neuroendocrine stress response in
rodents and humans. Glucocorticoids (corticosterone in rodents) are generally
thought to suppress the production of pro-inflammatory cytokines. However, initial studies indicated that inhibition of glucocorticoid receptor activation with
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mifepristone (RU 486) or inhibition of corticosterone synthesis with aminoglutethimide (AG) did not prevent the effect of EtOH on the production of some
cytokines. This was further evaluated by treating mice with lipopolysaccharide
(LPS, 60 µg/mouse, iv) to induce cytokine production, LPS + EtOH (6 g/kg by
gavage, 15 min before LPS), LPS + corticosterone (18 mg/kg in 1% β-cyclodextrin,
sc), LPS + AG (30 mg/kg, sc), or LPS + EtOH + AG. EtOH significantly decreased
LPS-induced serum IL-12 (p40), and corticosterone had the same effect. The
dosage of corticosterone produces an area under the curve value similar to that produced by EtOH. However, AG did not affect the IL-12 either alone or when given
prior to EtOH. It did decrease corticosterone levels to less than 50 ng/ml (as compared to over 500 ng/ml for other LPS-treated groups). A similar pattern was noted
for IL-12 and other cytokine mRNAs in the spleen in mice treated with a different
toll-like receptor ligand (polyinosinic-polycytidylic acid, poly I:C). EtOH or corticosterone inhibited poly I:C-induced expression of these mRNAs, but RU486 did
not prevent the effects of EtOH. These results indicate that either EtOH-induced
corticosterone or another independent mechanism is sufficient by itself to produce
the observed changes in cytokine production, such that inhibition of corticosterone
production or action does not prevent the action of EtOH on the expression of
some cytokines. Recent studies also presented at this meeting identify a direct effect
of EtOH on LPS-mediated signal transduction that could represent this other
mechanism. This work was supported by NIAAA grant AA009505.

264

THE ROLE OF P450 CYP1B1 AND EPHX1 IN 7,12DIMETHYLBENZ(A)-ANTHRACENE AND
BENZO(A)PYRENE INDUCED IMMUNOTOXICITY IN
C57BL/6N MICE

S. W. Burchiel, J. Gao, L. Mitchell and F. T. Lauer. College of Pharmacy
Toxicology Program, The University of New Mexico, Albuquerque, NM.
7,12-Dimethylbenz(a)anthracene (DMBA) and benzo(a)pyrene (BaP) are potent
carcinogens that induce immunosuppression of both humoral and cell-mediated
immunity in mice and other species. P450 CYP1B1 and EPHX1 (microsomal
epoxide hydrolase, mEH) appear to be important enzymes in the metabolism of
polycyclic aromatic hydrocarbons (PAHs) that produce immunotoxicity. Therefore,
the purpose of these studies was to determine whether CYP1B1 and EPHX1 were
required for spleen cell immunotoxicity produced by DMBA and BaP. Female
C57BL/6N WT, CYP1B1 -/-, and EPHX1 -/- were treated with 0, 17, 50, or 150
mg/kg (cumulative dose) DMBA or BaP in corn oil by oral gavage once a day for 5
days. Several immunotoxicity assays were used to assess the effects of DMBA on
systemic immunity. These included an in vitro T-dependent antibody response to
SRBC measured with a PFC assay, T and B cell mitogenesis induced by Con A and
LPS, and a NK cytotoxicity assay. Body weights and spleen weights were also
recorded. A battery of surface markers were also examined by flow cytometry for
changes in spleen cell populations. Following 5 days of DMBA or BaP treatments,
the body weights of the WT, CYP1B1 -/- and EPHX1 -/- mice showed no significant changes. The in vitro IgM antibody response to SRBC was suppressed by
DMBA and BaP in WT mice in a dose-dependent manner. However, the CYP1B1
-/- mice were protected from DMBA immunotoxicity. In contrast, BaP treated
CYP1B1-/- mice had a similar level of immunosuppression as the WT mice in T
and B cell induced mitogenesis suggesting that this enzyme is not critical for BaP
metabolism and immunotoxicity. Additionally, EPHX1 -/- mice exposed to 50
mg/kg DMBA and 50 mg/kg and 150 mg/kg BaP did not produce any immunosuppression. Thus, CYP1B1 appears to be critical for DMBA induced immunosuppression in mice, but not for BaP. EPHX1 is a crucial enzyme for both DMBA and
BaP induced immunotoxicity.
Supported by RO1-ES05495 and P30-ES012072.
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METALLOTHIONEIN GENE DOSE EFFECTS CADMIUM
EFFECTS ON IMMUNE CAPACITY

M. Lynes, X. Yin, D. Unfricht, G. Jin and K. Zaffuto. Molecular and Cell
Biology, University of Connecticut, Storrs, CT.
Metallothionein (MT) is a small, thiol-rich protein. Oxidative and heavy metal
challenges to the cell can induce metallothionein to release it’s associated metal
ions, increasing their availability to other apoproteins. MT may act early in biological signaling cascades to regulate metal-dependent biochemical and cellular responses. Release of metals by excessive oxidative stress may contribute to metal toxicity. To better understand the role of MT in oxidative regulation, signal
transduction, and cellular activation, we used three congenic mouse strains:
C57BL6/J (denoted WT), C57BL/6J-TgN(Mt1)174Bri (denoted TgN), and
C57BL/6J-Mt1tm1BriMt2tm1Bri (denoted KO). The TgN has 112 extra copies of
the Mt1 gene, while the KO lacks intact Mt1 and Mt2 genes. Cells treated in vitro
with H2O2 or CdCl2 were used to measure lipid peroxidation and the specific activities of the antioxidant enzymes catalase and superoxide dismutas. Under the
conditions used in these experiments, MT gene dose does not affect peroxidation

levels, but does have an effect on both of the enzymes. This suggests that there are
compensatory actions for disruption or over-expression of MT. We have also identified differences in splenocyte phosphorylation patterns that develop following mitogen stimulation in the presence of absence of heavy metals. Finally, we have used
these insights to design an in vivo antigen challenge of each of the three strains of
mice in the presence or absence of cadmium or zinc exposure. MT gene dose influenced humoral response to ovalbumin (OVA) challenge. Intriguingly, while the
dose of Cd and Zn was chosen to have no effect on the WT mice, these same doses
of both Cd and Zn caused significant immunosuppression in the Tgn mice, while
only the Cd was immunosuppressive in the KO mice. These studies suggest that
MT gene dose and MT protein levels play a complex but important role in management of immune and inflammatory processes, both in the presence of environmental toxins, and in the normal immune system. Supported by NIEHS ES07408
and NIEHS ES25490.
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CB1/CB2 DEPENDENT AND INDEPENDENT IMMUNE
MODULATION BY ∆9-TETRAHYDROCANNABINOL

A. E. Springs and N. E. Kaminski. Department of Pharmacology and Toxicology and
the Center for Integrative Toxicology, Michigan State University, East Lansing, MI.
The role of CB1 and CB2 in immune modulation by cannabinoids is poorly understood. Selective antagonists for CB1 and CB2, although useful, have been reported to possess their own biological activity including off target effects, which can
putatively confound the interpretation of results when employed as antagonists. In
the present study the role of CB1 and CB2 in immune modulation by cannabinoids was analyzed in genetically engineered CB1/CB2 null mice. Utilizing
CB1/CB2 null mice and wild-type counterparts, C57Bl/6J, basic immunological
cellular population profiles were determined using flow cytometry; no differences
were detected in CD3+CD4+ or CD3+CD8+ T cell subpopulations, nor were
there any differences in CD3+, CD19+ or the pan-macrophage marker, F4/80+,
cell populations between wild-type and CB1/CB2 null mice. For a global analysis
of the immunological response, in vivo and in vitro antibody forming cell (AFC)
response assays were performed. Oral administration of THC suppressed the in
vivo T cell-dependent IgM AFC response against sheep erythrocytes (sRBC) in the
wild-type mice but not in the CB1/CB2 null mice. The control response in
CB1/CB2 null mice was consistently greater than that in wild-type mice. No differences in the in vitro polyclonal AFC response between wild-type and CB1/CB2
null mice was observed to lipopolysaccharide (LPS), and this response was not altered by THC treatment in either mouse strain. In a one-way mixed lymphocyte reaction, THC at 10µM or 15µM equally suppressed the response from CB1/CB2
null and wild-type splenocytes. Similarly, the THC-mediated suppression of proliferation induced by LPS and PMA/Io appeared to be independent of CB1/CB2.
These results indicates that CB1 and/or CB2 are involved in THC-mediated suppression of the in vivo anti-sRBC IgM AFC response while neither CB1 nor CB2
appear to be involved in the THC-mediated suppression of the mixed lymphocyte
reaction or proliferation. (This work was supported in part by NIDA grants RO1
DA07908 and DA12740).
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DEVELOPMENT OF TOLERANCE TO THE
IMMUNOSUPPRESSIVE EFFECTS OF ∆9TETRAHYDROCANNABINOL (THC) IN B6C3F1 MICE

C. M. Sheth and K. L. White. Pharmacology and Toxicology, Virginia
Commonwealth University, Richmond, VA.
THC is a naturally occurring cannabinoid isolated from the Cannabis sativa plant
and is responsible for the psychotropic effects of smoked cannabis. In the CNS, repeated administration can lead to the development of tolerance to THC’s effects.
Previous studies in our lab have shown a similar phenomenon in the immune system. Cell mediated immunity was evaluated in the delayed type hypersensitivity
(DTH) response to KLH. Footpad swelling in mice treated for 14 Days with THC
at 50 mg/kg in corn oil via oral gavage were suppressed 43% compared to controls.
However, mice treated for 30 days responded identical to control mice suggesting
tolerance had developed to the immunosuppressive effects of THC. The objective
of our current studies was to investigate THC’s ability to produce immunologic tolerance using other functional assays. Mice were treated for 5, 14, or 28 days and
were evaluated with the AFC response to the T-dependent antigen sRBC. Five days
of dosing resulted in 47% suppression compared to controls. However, mice treated
for 14 or 28 days were suppressed 18% and 7%, respectively as immunologic tolerance developed. To determine if the induced tolerance could be overcome, mice
were treated for 14 days at 50 mg/kg and then at 200 mg/kg for an additional 4
days, which resulted in a 52% suppression, similar to the 5 day response. Tolerance
was also demonstrated in the anti-CD3 mediated proliferation assay. At 6 hours
post exposure the proliferative response was suppressed by 96%. However, there
was no difference in the proliferative response in mice treated for 5 days when compare to vehicle controls. Following short periods of exposure THC is immunosup-

pressive; however, tolerance appears to develop after prolonged administration.
Understanding the development of tolerance to the immunosuppressive effects of
THC is important given the medical community’s interest in using cannabinoids or
their synthetic derivatives for a wide variety of disease states.
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ENHANCED CYTOTOXIC T CELL ACTIVITY
FOLLOWING EXPOSURE TO COMMERCIAL
ECHINACEA PURPUREA
K. L. White1, D. R. Germolec2, W. Auttachoat1, R. Brown1, D. L. Musgrove1
and T. L. Guo1. 1Pharmacology and Toxicology, Virginia Commonwealth Univeristy,
Richmond, VA and 2NIEHS, Research Triangle Park, NC.
Echinacea purpurea (EP) is a plant indigenous to North America which is purported to be an immunostimulant and is sold commercially as an herbal dietary
supplement. Previous studies by the National Toxicology Program (NTP) evaluated
the immunomodulatory effects of a well-characterized preparation of EP. Animals
were administered doses of 300, 600, and 1000 mg/kg/day of a water/alcohol extract of EP In those studies no dose-related immunomodulatory effects were observed in female B6C3F1 mice following 28 days of oral exposure, with the exception of anti-CD3 mediated proliferation. In addition, host resistance studies failed
to demonstrate that the treatment with EC enhanced host resistance. The purpose
of these studies was to determine if a commercial EP (CEP) had immunomodulatory activity not seen in the NTP preparation. CEP, Nature’s Way, Echinacea Herb,
was obtained locally and herb capsules pooled to prepare dosing preparations in a
methylcellulose vehicle. CEP was administered at 300, 600 and 1000 mg/kg/day.
Mice were exposed for 28 days and immune parameters evaluated. Treatment resulted in an increase in absolute spleen weight at the high dose but no effect on
thymus weight. No enhancement of the HI response was observed in the plaque
assay or serum titers. Evaluation of HI, following 4 days of exposure to CEP, also
failed to result in enhanced activity; however, a trend toward an enhanced response
was observed in a CEP glycine extract preparation. No effects on NK cell activity
were observed following 28 days of exposure. CMI, evaluated as MLR and antiCD3 proliferation, was not enhanced nor were splenic populations. In contrast, an
enhanced CTL response was observed with CEP. Additional studies with the NTP
water/alcohol extract of EC also produced an enhanced CTL response. The purported immunostimulatory responses for EC and its recommended use for protection from flu or the common cold may be due to its ability to enhance CTL activity. (Supported NIEHS Contract ES 05454).
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SUNSCREENS PREVENT ULTRAVIOLET RADIATIONINDUCED IMMUNE SUPPRESSION OF CONTACT
HYPERSENSITIVITY IN HAIRLESS MICE
H. Kim, J. Lee, J. Sin, J. Gil, J. Kim, J. Kim, Y. Jo and K. Park.
Immunotoxicology, National Institute of Toxicological Research, Seoul, South Korea.
Sponsor: Y. Heo.
The ability and mechanism of sunscreens to protect mice from the immunosuppressive effect of ultraviolet (UV) radiation is still controversial. We investigated the
capacity and mechanism of two sunscreens to protect mice from the inflammatory
and immunosuppressive effects of UV radiation in hairless mice. The sunscreen
preparations contained 7.5% octyldimethylcinnamate (OM) or 5% butylmethoxydibenzoylmethane (OM) in acetone-olive oil emulsion (AOO). Skin swelling was
used as the measure of their effect on UV radiation-induced inflammation, and immunosuppression was assessed by contact sensitization with 2,4-dinitrofluorobenzene applied to UV-irradiated skin. The sunscreens were applied to the dorsal skin
of hairless mice, which were then given a single dose of UV radiation 2kJ/m2
within UVB region. Two sunscreens gave protection against suppression of contact
hypersensitivity by a dose of 2kJ/m2 UVB. They also protected against both inflammation and immunosuppression caused by UV radiation. This protection was
related to the reduction of mast cell and adhesion molecules, such as E-cadherin
and fibronectin. These results suggest that topically applied sunscreens could protect UV-induced immunosuppression in hairless mice and the mechanism might be
related to the reduction of mast cell and adhesion molecules.
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PERSISTENT SUPPRESSION OF THE PRIMARY
HUMORAL IMMUNE RESPONSE TO SHEEP RED
BLOOD CELLS IN RATS POST-NATALLY EXPOSED TO
CYCLOSPORINE
G. Ravel1, J. Descotes2, F. Horand1 and P. C. Barrow1. 1MDS Pharma Services, St
Germain s/L’Arbresle, France and 2Poison Center, Lyon, France.
In view of the prolonged period of immune development after birth, the use of cyclosporine (CSP) in children could potentially interfere with the maturation of the
immune system. Sprague Dawley rats were treated with CSP by gavage from days 4
to 28 post-partum at the dose level of 10 mg/kg/day. Various aspects of the immune
response were then assessed up to the age of 10 weeks. The plaque forming cell
(PFC) assay was performed at 6 and 10 weeks of age and the primary (IgM) and
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secondary (IgG) antibody responses to KLH was measured at 4 and 10 weeks of
age. Serum anti-dsDNA antibody levels were assessed at 6 and 10 weeks. The lymphoid organs of rats at 4, 6 and 10 weeks of age were weighed and submitted to
histopathology. The primary humoral immune response, as assessed by the PFC
assay, was depressed at both 6 and 10 weeks of age (-46% and -52%, respectively).
Anti-KLH IgM and IgG responses were suppressed (- 84% and -95%, respectively)
at 4 weeks of age, but had essentially recovered six weeks later. These results support
the hypothesis that post-natal exposure to CSP may have long-term consequences
on immune function. Under the conditions of this experiment, the primary antibody responses to sheep red blood cells (PFC) was a more sensitive indicator of developmental immunotoxicity than the primary and secondary antibody responses
to KLH.
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HUMORAL RESPONSE TO KLH AND LYMPHOCYTE
SUBSET ANALYSIS IN MONKEYS TREATED WITH
CYCLOSPORINE
F. Horand1, G. Ravel1, F. Condevaux1 and J. Descotes2. 1MDS Pharma Services,
St Germain s/L’Arbresle, France and 2Poison Center, Lyon, France.
Although the rat is frequently used in immunotoxicology for practical reasons, the
response in non-rodents may be closer to that in humans. The primate in particular
is widely used in toxicology and is the species of choice for the evaluation of many
biologics. In this study, the effect of cyclosporine given by the oral route at the dose
level of 100 mg/kg - a dose shown to prevent graft rejection in monkeys - for 28
days, was tested on the humoral response against KLH and on lymphocyte subsets
in Cynomolgus monkeys. The animals were immunized with KLH on days 14 and
21, and blood collected before each injection and then on day 28 to determine the
primary (IgM) and secondary (IgG) responses to KLH. Lymphocyte subsets (total
T cells, total B cells, CD4+ and CD8+ T cells and NK cells) were evaluated before
and at the end of the treatment period. Anti-KLH IgM levels were slightly lower (15 %), whereas IgG levels were markedly decreased (-40 %) in treated animals
compared to controls. Changes in lymphocyte subsets by cyclosporine treatment
included a decrease in relative and absolute B cell counts (-40 %) and a slight increase in total T lymphocytes, which was more marked on CD4+ T cells (+33%).
No significant changes were noted in NK cell counts when comparing treated and
control animals. These results show that the antibody response to KLH, and in particular the secondary immune response is a suitable tool for the detection of immunosuppression in the monkey. An immunosuppressive effect was not clearly established on T lymphocytes, suggesting that this assay may have little relevance in
predicting potential immunosuppressive drugs in monkeys.
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IMMUNOMODULATORY EFFECTS OF LOW-DOSE
DIETARY DEOXYNIVALENOL AND ACUTE EXERCISE
STRESS IN BALB/C MICE
C. A. Landgren1, M. Kohut2, J. Cunnick3 and S. Hendrich1. 1Food Science and
Human Nutrition, Iowa State University, Ames, IA, 2Health and Human
Performance, Iowa State University, Ames, IA and 3Animal Science, Iowa State
University, Ames, IA.
Dietary deoxynivalenol (DON) dose response and interaction with acute exercise
stress was investigated in male BALB/c mice with emphasis on alteration of functional immune parameters. Mice were fed 0, 1 or 2 mg DON/ kg diet, 18 per dose,
for 28 days then exercised to fatigue on a treadmill. Dietary DON at 2 mg/kg inhibited weight gain (p < 0.0002), red blood cell counts, and hematocrit but increased feed intake (p = 0.0003). Blood lymphocyte counts were suppressed 24.9 ±
4.8% by DON feeding, but greater suppression (57.5 ± 2.1%) occurred in response
to acute stress, p < 0.05. DON fed at 1 mg/kg diet significantly stimulated splenocyte NK cytotoxicity (156% of controls, p < 0.01), PFCs (121% of control, 155%
of 2 mg kg, p < 0.05), and spontaneous IFN-γ secretion (p < 0.05). Splenocyte IL4 was stimulated in mice stressed alone compared to controls or non-stressed mice
fed 1 mg/kg DON (p < 0.05). Significant inhibitory effects of acute exercise were
observed for spleen to body weight ratio (p < 0.0001), hematocrit (p = 0.017), hemoglobin (p < 0.0001) and NK cell cytotoxicity (p < 0.05). Exercise stress increased
blood neutrophils (173.6%, p < 0.0003) and neutrophil to lymphocyte ratio
(348%, p < 0.0001). This is the first report of in vivo immunostimulatory effects of
sub-chronic low dose DON feeding promoting both cellular and humoral responses through differential cytokine production. Apparent immunological hormesis of feeding 1 mg/kg DON deserves further investigation.
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DEOXYNIVALENOL INDUCES IMMUNOSUPPRESSION
VIA INDUCTION OF APOPTOSIS AND CYTOKINES IN
B6C3F1 MICE
J. Cho, S. Jeong, H. Ku, H. Kang and H. Pyo. Toxicology Division, NVRQS,
Anyang, Kyunggi, South Korea.
Deoxynivalenol(DON), a type B trichothecene mycotoxin, is known to affect the
immune system eventually leading to profound alterations in the defense mechanism of the body against infection. We investigated the changes of organ weights,
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histopatholgical findings and bax/bcl-2 gene expression of lymphoid organs, spleen,
thymus or mesenteric lymph node, and serum content of immunoglobulins and 18
kinds of cytokines in B6C3F1 male mice after oral administration of 0.83, 2.5 and
7.5 mg/kg bw DON for 8 days. The absolute or relative thymus weight was dosedependently reduced and lymphocytes were depleted at cortex area of thymus in all
DON-treatment groups. The absolute or relative organ weight of mesenteric lymph
node was reduced at 7.5 mg/kg DON and cell counts also significantly decreased at
2.5 and 7.5mg/kg DON. But spleen showed no changes in organ weight and histopathological findings. The ratio of Bax/bcl-2 genes isolated from thymus was increased at 7.5 mg/kg DON, but no changes of the gene ratio from spleen. Serum
IgG was reduced in all doses of DON groups with a dose-dependent manner and
IgA, IgE and IgM were decreased at high dose DON. Serum cytokines, IL-1a, IL5, IL-6, G-CSF and GM-CSF, were significantly increased at high dose DON.
These results indicate that DON suppresses immune functions as reduction of immunoglobulins and which are highly related with atrophy and apoptosis of lymphoid organ, thymus and mesenteric lymph node other than spleen. Also, DON
may suppress immune functions through the induction of certain cytokines.
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ALTERATIONS OF THE IMMUNE SYSTEM DURING
CRITICAL STAGES OF DEVELOPMENT FOLLOWING
EXPOSURE TO 1,2:5,6 DIBENZANTHRACENE (DBA) IN
B6C3F1 MICE

D. M. Hernandez, W. Auttachoat, T. L. Guo and K. L. White. Pharmacology
and Toxicology, Virginia Commonwealth University, Richmond, VA.
DBA is an environmental contaminant classified on EPA’s priority pollutant list. It
is a polycyclic aromatic hydrocarbon (PAH) and congener of the immunotoxicant,
benzo(a)pyrene. The objective of these studies was to evaluate the immunosuppressive effects of DBA on various stages and critical windows of immune system development. Adult mice were administered DBA in corn oil at dose levels of 79.3, 250,
793, 2500, and 5000 µg/kg s.c. for 28 days. Immunosuppression was not observed
at dose levels less than 5000 µg/kg in the following immune parameters: NK cell
activity, anti-CD3 antibody-mediated proliferation, mixed leukocyte response, or
delayed type hypersensitivity response. In contrast, the Antibody Forming Cell
(AFC) response to the T-dependent antigen, sRBC, was suppressed 40-100% at
dose levels of 500 µg/kg and greater. Juvenile mice were administered DBA beginning on postnatal day 21 (±2 days) with doses similar to adult mice for 28 days.
Neither immunosuppressive nor sex differences were observed among the various
immune parameters evaluated, with the exception of the AFC response, which was
significantly suppressed at all dose levels. When evaluated as specific activity
(AFC/106 splenocytes), 63% suppression was observed in females and 39% suppression in males at the lowest dose administered (79.3 µg/kg). Mechanistic studies
demonstrate a lack of effect on either B- or T-cell proliferation following DBA exposure. Studies to evaluate B-cell function show a decreased ability to produce
and/or secrete polyclonal antibodies following LPS stimulation. Similarly, the production of antigen-specific antibodies to both T-dependent and T-independent
antigens were also suppressed. Studies such as these, will provide insight into how
environmental agents, e.g. DBA and other PAHs, may impact the developing immune system of humans.
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IMMUNOSUPPRESSIVE EFFECT ON F1 GENERATION
MICE FOLLOWING GESTATIONAL EXPOSURE TO
TRICHOTHECENES MYCOTOXIN, T-2 TOXIN

Y. Sugita-Konishi1, C. Yashiro2, K. Kobayashi-Hattori2, M. Tsunoda3 and T.
Takita2. 1Division of Microbiology, National Institute of Health Sciences, Tokyo,
Japan, 2Department of Nutritional Sciences, Tokyo University of Agriculture, Tokyo,
Japan and 3Department of Medicine, Kitasato University, Kanagawa, Japan.
Exposure to Fusarium trichothecenes mycotoxin, T-2 toxin, causes immunosuppression in humans and animals. In adult, exposure to T-2 toxin has been shown to
decrease tumor incident and resistance to bacterial infection and increase susceptibility to virus. Gestational exposure to T-2 toxin has been also reported to cause
thymic atrophy and reduce hepatic B lymphocytic cells in fetuses. However, no information is available on whether immunosuppressive effects of T-2 toxin linger in
second generation. In the present study, to clarify this issue, we examined the
changes in antibody production, the population of immune cells and cytokine production in F1 mice prenatally exposed to T-2 toxin. Pregnant Balb/c mice (10-12
week old) were singly administered with various concentrations of T-2 toxin at Day
15 after implantation. Offspring were immunized with an extract of cedar pollen
and alum at 6, 7, 8 and 11 weeks old. At 1 week after last immunization, the titers
of total and Cry j 1-specific IgE, IgG1 and IgG2a were measured by ELISA. The
splenic and thymic populations of T cells, B cells and macrophages in F1 (8 weeks
old) were determined by FACScan. The productions of Th1 and Th2 cytokines in
the spleen of F1 (7 weeks old) were assayed by ELISA. Sub-chronic T-2 toxin treatment (1.5 mg/kg) resulted in the decrease in total and Cry j 1-specific IgE production although there was no difference in the body weights between the treated and

control group. In contrast, the T-2 toxin treatment did not affect total and Cry j 1specific IgG2a production. In terms of the population of immune cells, the T-2
toxin exposure showed a tendency to increase the ratio of splenic T/B cells. These
results suggest that just one prenatal exposure to T-2 toxin affects the immunefunction of F1 generation over a long period of time.
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PRENATAL EXPOSURE TO CIGARETTE SMOKE
PRODUCES THYMIC ATROPHY AND ALTERS TLYMPHOCYTE-MEDIATED TUMOR SURVEILLANCE
MECHANISMS IN THE OFFSPRING
J. T. Zelikoff, S. P. Ng and M. C. Bosland. Environmental Medicine, New York
University School of Medicine, Tuxedo, NY.
Epidemiologic and toxicologic studies have demonstrated that prenatal exposure to
cigarette smoke (CS) increases the offspring’s risk for tumor development later in
life. However, the exact mechanisms underlying this response are unclear. Thus,
cell-mediated immune parameters were evaluated in tumor-challenged male offspring to determine the effects of prenatal exposure to mainstream cigarette smoke
(MCS). Pregnant B6C3F1 mice were exposed by inhalation to air or MCS (equivalent to smoking ≤1 pack of cigarettes/d) for 5 d/wk, 4 hr/d (from gestational d4 to
parturition) and effects on lymphoproliferation and lymphoid organ weight, cellularity, and histology were examined in 5-wk-old pups previously injected with EL4
lymphoma cells. Relatively early in tumor development (post-injection days 1, 4,
and 8), male pups exposed to MCS in utero demonstrated reduced (relative) numbers of splenic lymphocytes, but increased T-lymphocyte proliferation (compared
to air-exposed pups). At later post-injection timepoints (days 11 and 15), splenic Tcell proliferation increased in the air-exposed offspring, while cells from smoke-exposed offspring failed to be up-regulated. Moreover, 75% of all MCS-exposed pups
bearing EL4-induced tumors (≤20mm in diameter) demonstrated marked thymic
atrophy and lack of cortical tissue; 25% of these same pups had decreased splenic
white pulp and increased hematopoietic activity. Smoke exposure had no effect on
pup lymphoid organ weight, thymic cellularity or splenic B-cell proliferation at any
post-injection timepoint examined. Results demonstrate that prenatal MCS exposure, even at low doses, alters immune cell-rich lymphoid tissue and T-cell functions during a time period in tumor development when “normal” tumor surveillance mechanisms are critical. This study suggests that not only may children of
smokers be at greater risk for developing tumors later in life, but may also be unable
to mount an appropriate immune response to tumor stimulation. Philip Morris
Foundation Inc.
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IDENTIFYING THE DEVELOPMENTAL WINDOW IN
WHICH AHR ACTIVATION LEADS TO ALTERATIONS
IN IMMUNE FUNCTION LATER ON IN LIFE
J. P. Hogaboam1, J. A. Cundiff2 and P. B. Lawrence2, 1. 1School of Molecular
Biosciences, Biotechnology Training Program, Washington State University, Pullman,
WA and 2Department of Pharmaceutical Sciences, Washington State University,
Pullman, WA.
Activation of the aryl hydrocarbon receptor (AhR) by 2,3,7,8-tetrachlorodibenzop-dioxin (TCDD) dramatically influences immune function. In addition to affecting immune responses in adult animals, TCDD is a toxicant to the developing immune system. However, the mechanism by which AhR activation during
development alters the immune system is not clear. We have previously shown that
pregnant mice exposed to TCDD throughout gestation and during lactation yield
offspring with an altered immune response to influenza later on in life. We hypothesized that TCDD exposure disrupts a key event during development and permanently alters immune function. Consequently, we tested several exposure paradigms
in pregnant mice to determine the stage of immune development that is altered by
TCDD. Adult offspring exposed to TCDD exclusively during gestation or exclusively after parturition (via lactation) appear to have the same immune response to
influenza as vehicle-exposed offspring. However, mice exposed to TCDD throughout gestation and lactation reveal significant differences in the immune response to
influenza when compared to vehicle-exposed offspring. Our findings suggest that
inappropriate AhR activation throughout gestation as well as during lactation is required to observe the altered immune response to influenza. Identifying the developmental window perturbed by TCDD will provide novel information about the
critical period of sensitivity, and will form the foundation for mechanistic studies.
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GENISTEIN MODULATION OF IGE PRODUCTION BY
ADULT B6C3F1 MICE FOLLOWING IN UTERO
EXPOSURE IS AFFECTED BY SEX AND LITTER ORDER
T. L. Guo, W. Auttachoat, D. M. Hernandez and R. P. Chi. Virginia
Commonwealth University, Richmond, VA.
It has been reported that there was an increase in the use of asthma or allergy drugs
in young adults who were fed soy formula during infancy as compared to those who
were fed cow milk formula. The objective of the present study was to determine if

in utero exposure to phytoestrogen genistein (GEN), which is present in soy products at high concentrations, had any effects on the respiratory allergen trimellitic
anhydride (TMA)-induced production of total IgE by adult B6C3F1 mice. Both
male and female mice from either the 1st litter or the 2nd litter were exposed to
GEN by dosing their dams, e.g. the pregnant C57BL/6 mice (× male C3H), with
GEN (20 mg/kg) via gavage from day 14 of gestation to postnatal day (PND) 3.
The offspring were weaned at PND 22. The sensitization to TMA was achieved by
treating individual mice with 50 µL of 10% TMA on the shaved backs in acetone:olive oil (4:1) 14 days prior to sacrifice. Seven days later, the mice were challenged with 25 µL of TMA (10%) on the dorsal side of both ears. In the 1st litter
males, in utero exposure to GEN did not affect the total serum IgE level at either
PND 38 or PND 84 when compared to the vehicle control mice. In the 1st litter
females, in utero exposure to GEN did not affect the total serum IgE level at PND
38; however, a significant increase in serum total IgE level was observed at PND 84.
In the 2nd litter mice, increased serum total IgE levels were observed in both male
and female mice at PND 56. Similar to the 1st litter mice, in utero exposure to
GEN did not increase serum total IgE level at PND 38 in either male or female
mice. Overall, the results demonstrate that in utero exposure to GEN modulates
the developing immune system in such a way that more IgE is produced upon exposure to TMA in adult mice, and the increases in IgE production are affected by
sex and litter order (Supported by NIEHS R21 ES012286).

279

LEAD INHIBITS NITRIC OXIDE PRODUCTION IN
MYELOID SUPPRESSOR CELLS RESULTING IN
UNREGULATED T CELL PROLIFERATION

D. G. Farrer and M. J. McCabe. Environmental Medicine, University of Rochester,
Rochester, NY.
Lead (Pb) is an environmental toxicant that adversely affects many body systems.
Immunity is particularly sensitive as measured by host resistance to pathogens in
vivo and functionality of immune cells in vitro. In mixed lymphocyte culture
(MLC), Pb markedly enhances proliferation of alloreactive CD4+ T cells, a process
we have termed Pb allo-enhancement. Data presented here describe an adherent
cell-dependent suppression of T cell proliferation in control MLC that was abrogated with Pb treatment. We hypothesize that Pb inhibits the production of nitric
oxide (NO) by targeting the myeloid suppressor cells (MSCs) that normally produce it and that the subsequent absence of NO allows unregulated T cell proliferation. To characterize the adherent cells important for Pb allo-enhancement, we isolated CD11b+GR-1+ and CD11c+CD11blo cells, and only CD11b+GR-1+ cells
demonstrated Pb-sensitive suppression of T cell proliferation in MLC. MSCs inhibit T cell proliferation by releasing NO. To determine whether this was important in our system, we added increasing concentrations of Ng-monomethyl-L-arginine (NgMMA), a nonspecific inhibitor of NO-synthases (NOS) to MLC in the
presence of 0 or 5µM Pb. With increasing concentrations of NgMMA, there was a
dose-dependent increase in T cell proliferation. High concentrations of NgMMA
enhanced T cell proliferation as much as did 5µM Pb. We also measured NO in
MLC in the presence and absence of Pb or NgMMA. Pb inhibited NO production
as effectively as the known NO-inhibitor. Taken together these data suggest that Pb
targets MSCs and inhibits their NO production leading to unregulated T cell proliferation. Although the significance of these data applies most directly in cases of
profound immune challenge, where MSC function is most important, future findings that Pb directly impacts inducible-NOS expression or the expression of one of
its cofactors could imply much broader import. Funded by T32 ES07026, R29
ES07365, and P30 ES01247.
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DIMERCAPTO SUCCINIC ACID (DMSA) TREATMENT
INCREASE T CD4 LYMPHOCYTES RESPONSE IN LEAD
POISONED CHILDREN. CASES PRESENTATION

R. C. Goytia1, S. J. Duarte1, R. Meza-Velazquez1, M. Rosales-Gonzalez1, M.
Rubio-Andrade1, G. Garcia-Arenas1, M. Guerrero Almeida1, J. Candelas1, M.
Hernandez-Serrano2, A. Torres-Vega3, V. Lujan-Galvan3 and G. Garcia-Vargas1.
1
Facultad de Medicina, Universidad Juarez del Estado de Durango, Gómez Palacio,
Durango, Mexico, 2Centro de Investigaciones Biomedicas, UAC, Torreon, Coahuila,
Mexico and 3Secretaria de Salud, Torreon, Coahuila, Mexico.
Children are more sensitive than adults to the toxic effects of lead. There is evidence
from animal studies that the dimercapto succinic acid (DMSA) reverses lead-induced immunotoxicity. The present study shows the T lymphocytes response of 6
children with lead poisoning, 1 to 8 years old, which attended a General Hospital
in Torreon Coahuila, Mexico, for chelation challenge test (CCT) or chelation therapy with DMSA (SuccimerÒ) (CT). Venous blood and urine samples were collected to measure lead concentrations in blood (PbB) and urine (PbU) using
atomic absorption spectrometry, and blood cytokines (IFNg, IL-2, IL-4, IL-13) by
flow cytometry. Samples from patients with CCT and CT were taken at 0, 4, and 8
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h, and 0, 5, 7, 12, 19 and 49 days after DMSA treatment, respectively. Lead concentrations at time 0 were similar between groups, with average values of 34.2
µg/dL and 37.9 µg/dL, in CCT and CT patients. As expected, DMSA treatment
increased the urinary excretion of lead in CCT individuals, and decreased PbB concentrations. The main effect of DMSA treatment was an increase CD4/CD8 ratios
with a tendency to normal values. There were also increases in the cytokines produced by T CD4 cells (IL-2, INFg, IL-4 and IL-13) in children with either CCTor CT-DMSA treatment. In conclusion, DMSA therapy increases T cell response in
lead poisoned children, effect that might be explained by lead mobilization from
cellular pools.
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EVALUATION OF THE EFFECTS OF MANCOZEB
EXPOSURE ON THE IMMUNE SYSTEM OF
AGRICULTURE WORKERS: AN ITALIAN STUDY

E. Corsini1, S. Birindelli2, C. Bosetti3, S. Fustinoni4, L. Campo4, M. Maroni2,
H. Van Loveren5, C. L. Galli1 and C. Colosio2. 1Department Pharmacological
Sciences, University of Milan, Milan, Italy, 2ICPS, Hospital L. Sacco, Milan, Italy,
3
Mario Negri Institute, Milan, Italy, 4Department of occupational and
Environmental Health, University of Milan, Milan, Italy and 5RIVM, Bilthoven,
Netherlands.
The aim of this study was to assess the immunotoxicity of EBDCs in occupationally exposed Italian agricultural workers.
The study was carried out in two rural areas located in Northern Italy. Ninety-three
subjects entered the study: 48 vine-growers intermittently exposed to mancozeb
and 45 healthy controls. Investigation was based on comparison of data collected
on exposed workers before and after the seasonal pesticide application period and
on a control group. Data were collected through self-administered questionnaire,
physical examination, and a laboratory investigation addressed at the main serum,
cellular and functional immune parameters. The levels of exposure were assessed
through the determination of the urine concentration of a major mancozeb
metabolite, ethylenethiourea (ETU).
This study indicates that intermittent and low dose exposure to mancozeb does not
meaningfully influence the immunologic system. The only immune change consistent with results of previous studies is a slight reduction in the percentage of monocytes in the workers after the exposure period. The physiological significance of this
slight change remains uncertain, while the absence of any relevant epidemiological
or clinical evidences of immuno-mediated diseases suggests that intermittent and
low dose exposure to mancozeb does not pose any significant health risk to the exposed subjects.
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IMMUNOMODULATORY EFFECTS OF THE
HERBICIDE PROPANIL ON HUMAN CYTOKINE
PRODUCTION: IN VIVO AND IN VITRO STUDIES

C. L. Galli1, S. Birindelli2, C. Minoia3, C. Colosio2, M. Marinovich1 and E.
Corsini1. 1Department Pharmacological Sciences, University of Milan, Milan, Italy,
2
ICPS, Hospital L. Sacco, Milan, Italy and 3S. Maugeri Foundation, Pavia, Italy.
Propanil, 3,4-dichloropropionanilide, a commonly used herbicide, has been previously shown to induce alterations in the mouse immune system. The aim of this
study was to assess the immunotoxicity of propanil in occupationally exposed
Italian agricultural workers. A small pilot study was carried out in Northern Italy,
where propanil is used extensively in rice production. Seven agricultural workers intermittently exposed to propanil and 7 healthy matched controls entered the study.
Investigation was based on comparison of data collected on exposed workers after
the seasonal pesticide application period and on a control group. Data were collected through physical examination, and a laboratory investigation addressed at
the main serum, cellular and functional immune parameters. The levels of exposure
were assessed through the determination of the urine concentration of a major
propanil metabolite, 3,4-dichloroaniline.
This study indicates that intermittent and low dose exposure to propanil was associated with a slight increase in total white blood cell counts, in the percentage of
CD4+ cells and in the absolute number of B cells. Despite these increases, a statistically significant reduction in IFN-gamma and IL-10 production was observed in
exposed workers, consistent with animal studies. On the contrary, LPS-induced
proinflammatory cytokine production, namely IL-1beta, IL-6 and TNF-alpha, was
unaffected. As observed following in vivo exposure, in vitro treatment of human
peripheral blood leukocytes with propanil resulted in a dose- and time- dependent
reduction in PHA-induced IFN-gamma and IL-10 production, while LPS-induced
TNF-alpha production was not affected, indicating a direct effect of propanil on selected immune parameters. Further studies are necessary to understand the physiological or clinical significance of these changes.
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A POTENTIAL LINK BETWEEN PERINATAL PESTICIDE
EXPOSURE AND ADULT MORTALITY IN RURAL AFRICA

R. M. Gogal1, 3, O. N. Ofordile2, D. E. Jones3 and S. D. Holladay3. 1Biomedical
Sciences, EVVCOM, Va Tech, Blacksburg, VA, 2Medical Research Council, Keneba,
Gambia and 3College of Veterinary Medicine, VA Tech, Blacksburg, VA.
Season of birth correlated with approximately ten-fold increased risk of early mortality from infectious disease in parts of Gambia, West Africa. The increased early
death occurred in individuals aged 25 – 50, who were born during the non-harvest
season when stored peanuts constituted a significant portion of the diet. Insect
pests destroy stored peanuts if not prevented, thus, the people mix insecticides into
the storage bags before sealing of the bags. This procedure has been used since the
1970s or earlier, with the specific insecticide agents varying by availability.
Organochlorine (OC) insecticide \use, including DDT, lindane and chlordane,
predominated until as recently as the 1980s. Subsequently organophosphates (OP)
and pyrethroids became available and largely replaced OC pesticides. The OC, OP
and pyrethroid insecticides both cross the placenta and are secreted into milk.
Further, all are recognized immunotoxicants. Blood samples collected during the
harvest season showed low but detectable levels of OCs, including DDE and dieldrin, which may represent historic use. Urine samples likewise showed trace DDD
and DDE levels. Peanut shell samples contained endosulfan, lindane, chlordane
and heptachlor, while skin from the peanuts contained endosulfan and lindane.
These data verify historic and ongoing exposure of Gambians to immunotoxic pesticides used for seasonal food preservation, including OC agents. Additional studies
are planned that will look for correlations between pesticide exposure and functional capacity of the immune function, to test our hypothesis that pesticide-related
developmental immuntoxicity may contribute to Gambian seasonal mortality

284

MERCURY EXPOSURE INCREASES BIOMARKERS OF
AUTOIMMUNE DYSFUNCTION IN AN EXPOSED
GOLD MINING POPULATION COMPARED TO
OCCUPATIONAL REFERENCE GROUPS

R. M. Gardner, J. Nyland and E. K. Silbergeld. Environmental Health Sciences,
Johns Hopkins Bloomberg School of Public Health, Baltimore, MD.
Autoimmune diseases have complex etiology involving both genetic and environmental factors. In rodents, we and others have reported that mercury (Hg) compounds can induce a lupus-like systemic autoimmune disease, and a recent study
reported associations between Hg exposures in humans and increased risks of
Systemic Lupus Erythematosus. We hypothesize that Hg is an environmental factor
that can influence the development of autoimmune disease; specifically exposures
to organic or inorganic forms of mercury cause an increase in biomarkers of autoimmune dysfunction: antinuclear autoantibodies (ANA) and antinucleolar autoantibodies (ANoA). We have recently shown that gold miners in Brazil who are
exposed to high levels of inorganic Hg have significantly elevated levels of ANA and
ANoA in comparison to unexposed community reference groups from other areas
of Brazil. The question remained as to whether this dramatic increase was a result of
Hg exposure or of the distinct lifestyles of the mining community, in particular coexposure to infections such as malaria. In this study, we analyzed sera samples from
both diamond and emerald miners in Brazil who have a comparable lifestyle, but
are not exposed to Hg through their occupations. We found that levels of ANA and
ANoA in both diamond and emerald miners was most similar to the levels found in
the unexposed community reference group, and was significantly different from the
levels observed in Hg-exposed gold miners. We also observed a trend showing elevated ANA/ANoA levels in diamond and emerald miners who had a history of previously working as a gold miner and therefore had prior occupational exposure to
Hg. Research supported by Heinz Family Foundation, CAN Foundation, and Center
for Alternatives to Animal Testing.
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PROTECTION OF NON-OBESE DIABETIC (NOD) MICE
FROM AUTOIMMUNE DIABETES BY ESCHERICHIA
COLI HEAT-LABILE ENTEROTOXIN B SUBUNIT
(HF1020)

J. Murphy1, N. A. Williams2 and T. Ola2. 1Hunter-Fleming Limited, Bristol,
United Kingdom and 2KWS BioTest, Bristol, United Kingdom. Sponsor: R. Harling.
Autoimmune diabetes in the NOD mouse is associated with development of inflammation around the islets at around 4-5 weeks of age, which may be prolonged
until frank diabetes begins to occur around 12 weeks of age. Although many interventions can halt disease progression if administration coincides with the beginning
of the anti-B cell response, very few are able to prevent diabetes development once
insulitis is established. Here we describe a strategy which blocks cellular infiltration
of islets and prevents diabetes. Intranasal treatment with the B-subunit of
Escherichia coli heat labile enterotoxin (HF1020), a protein that binds GM1 ganglioside (as well as GD1b, asialo-GM1 and lactosylceramide with lower affinities),

protected NOD mice from developing diabetes in a receptor-binding dependent
manner. Protection was associated with a significant reduction in the number of
macrophages, CD4+ T cells, B cells, MHC class II + cells infiltrating the islets.
Despite this, treated mice showed an increased number of IL-10+ cells in the pancreas, and a decrease in both Th1 and Th2 cytokine production in the pancreatic
lymph node. Disease protection was also transferred with CD4+ splenocytes from
treated mice. Taken together, these results demonstrate that HF1020 is a potent immune modulator capable of blocking diabetes.
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ESCHERICHIA COLI HEAT-LABILE ENTEROTOXIN BSUBUNIT (HF1020) PREVENTS AUTOIMMUNE
ARTHRITIS THROUGH THE INDUCTION OF
REGULATORY CD4+ T CELLS

J. Luross1, N. A. Williams1 and J. Murphy2. 1KWS BioTest, Bristol, United
Kingdom and 2Hunter-Fleming Limited, Bristol, United Kingdom. Sponsor: R.
Harling.
The receptor-binding B-subunit of Escherichia coli heat-labile enterotoxin
(HF1020) is a stable, non-toxic protein capable of modulating immune responses.
This study determines whether mucosal administration of HF1020 can block collagen-induced arthritis (CIA) and investigates the mechanisms involved. Both intranasal (i.n.) and intragastric (i.g.) HF1020 delivery prevented CIA. A receptor
non-binding mutant of HF1020 failed to prevent disease. Intranasal HF1020 lowered both the incidence and severity of arthritis when given either at the time of disease induction or 24 days after. HF1020 markedly reduced levels of anti-CII IgG2a
antibodies and interferon (IFN)-gamma production while not affecting levels of
IgG1, interleukin (IL)-4 or IL-10. Disease protection could be transferred by
CD4+ T-cells from treated mice, an effect that was abrogated upon depletion of the
CD25+ population. In addition, CD4+CD25+ T-cells from treated mice were able
to suppress anti-CII IFN-gamma production by CII-primed lymph node cells. We
conclude that HF1020 can be used to prevent or treat CIA. Modulation of the
anti-CII immune response by HF1020 is associated with a reduction in T helper
(Th)1 cell reactivity without a concomitant shift towards Th2. Instead, HF1020
mediates its effects through enhancing the activity of a population of CD4+ regulatory T cells.
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IMMUNO- AND HEPATOTOXICITY OF
DICHOLOROACETIC ACID IN MRL +/+ AND B6C3F1
MICE

P. Cai, B. S. Kaphalia and G. Ansari. Pathology, UTMB, Galveston, TX.
Dichloroacetic acid (DCA) is a by-product of chlorination occurring at low levels
in most drinking water supplies disinfected with chlorine and also a minor metabolite of trichloroethene (TCE). TCE exposure in humans is shown to be associated
with the development of autoimmune diseases, which could be through its metabolite(s) such as DCA. Hepatic toxicity and carcinogenicity of DCA is reported in rodents. The aim of this study is to compare the immuno- and hepatotoxicity of
DCA in female autoimmune prone MRL +/+ and B6C3F1 mice. Both strains of
mice were given DCA 0.5mg/ml (neutralized with NaOH) in water ad libitum for
12 weeks. The immunoglobins and alanine and aspartate aminotranferases (ALT
and AST) were determined in the serum. The liver morphology was examined
using H & E stain and neutral lipid accumulation by Oil Red O stain. In DCAtreated groups of both strains, the liver weight and liver-to-body weight ratio were
increased significantly as compared to control. The IgG (31%), IgG1 (44.6%) and
IgM (30%) were increased significantly in MRL +/+ mice, while only IgG3 increased significantly (26.9%) in B6C3F1 mice. The ALT was increased by 73% in
B6C3F1 mice as compare to 33.6% in MRL +/+ mice and AST showed the similar
pattern (increased by 30% and 13% respectively). Oil Red O stained areas of liver
slides significantly increased by two fold in B6C3F1 mice and 1.3 fold in MRL +/+
mice given DCA. These results show that the immune system of MRL +/+ was
more prone to DCA toxicity than that of B6C3F1 mice, contrasting to the observed heptotoxicity.
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LIFETIME EXPOSURE TO TRICHLOROETHYLENE
(TCE) DOES NOT ACCELERATE AUTOIMMUNE
DISEASE IN MRL +/+ MICE

D. Keil1, J. EuDaly2, J. Miller2, G. Gilkeson2 and M. Peden-Adams2. 1UNLV,
Las Vegas, NV and 2MUSC, Charleston, SC.
Rodent models have demonstrated that trichloroethylene (TCE) increases lupuslike disease onset suggesting a role in the pathogenesis of systemic lupus erythematosus. However, the impact of TCE on the development of autoimmunity following lifetime exposure is not entirely understood. Considering the potential for

prolonged exposure to vulnerable populations such as children and TCE’s association in the development of autoimmune disease, both of these aspects were addressed in this lifetime exposure model. This study, therefore, utilized a geneticallyprone rodent model to assess the developmental effects of TCE exposure on disease
symptom onset (e.g, autoantibody production and proteinuria), lymphocyte proliferation, splenic B-cell populations, and thymic and splenic T-cell populations.
MRL +/+ mice were exposed to TCE (0, 1,400 or 14,000 ppb) via drinking water
beginning on gestation day 0 and continuing until 12 months of age. With the exception of splenic CD4-/CD8- cells in female mice only, no alterations were observed in lymphocyte proliferation or splenic numbers of B220+ cells and splenic
T-cell populations at 12 months of age. Populations of all thymic T-cell subpopulations were decreased in male but not female mice following exposure to 14,000 ppb
TCE. Autoantibody levels (anti-dsDNA and anti-GBM) were assessed from 4 to 12
months of age. No increase in autoantibody levels were detected, suggesting that
TCE did not accelerate the development of autoimmune disease markers following
lifetime exposure. Not only does this study offer encouraging results, but it is the
first study to approach the development of autoimmunity in a novel lifetime exposure paradigm.
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EXPLORATION OF VALVULAR HEART DISEASE IN
NEONATAL RATS CO-ADMINISTERED
FENFLURAMINE AND PHENTERMINE

T. K. Baker1, L. M. Munsie1, A. V. Wilke3, J. L. Stevens1, J. L. Hanes4, K. B.
Donnelly2 and M. A. Davis1. 1Investigative Toxicology, Eli Lilly and Company,
Greenfield, IN, 2Endocrine/Cancer Pathology, Eli Lilly, Greenfield, IN,
3
Cardiovascular Safety Assessment, Eli Lilly, Greenfield, IN and 4Animal Studies, Eli
Lilly and Company, Greenfield, IN.
The pathologic valve changes observed in humans who have been treated with a
combination of fenfluramine and phentermine (Fen-Phen) have not been replicated in other species. The lack of a suitable animal model has limited the testing of
mechanistic hypotheses to in vitro cellular systems. The leading mechanistic hypothesis is that serotonin receptor 5HT2B activation of extracellular signal-regulated kinase (ERK) signaling triggers subendocardial cell proliferation which underlies the pathogenesis of abnormal valvular morphology. In this study, we explored
the use of the neonatal rat as a suitable experimental model of fenfluramine-induced valvular heart disease (VHD). We characterized morphologic alterations and
measured ERK pathway activation in valves from neonatal F344 rats treated with
fenfluramine, phentermine or Fen-Phen compared with valves from vehicle treated
rats. Histological evidence of VHD was identified following 21 days of phentermine (10mg/kg) or Fen-Phen (10 mg/kg of each) treatment, however the incidence
of the finding was low (4 of 60 animals with Fen-Phen). Interestingly, a robust increase in phosphorylated ERK was identified in hearts from Fen-Phen treated
neonatal rats. Co-administration of a highly selective inhibitor of 5HT2B receptor
activation did not block the increase in phosphorylated ERK observed following
Fen-Phen. These data demonstrate that Fen-Phen induces an increase in phosphorylated ERK in the neonatal rat heart that does not appear to be 5HT2B regulated.
Furthermore, although Fen-Phen mediated valvular heart lesions were identified in
the present work, the low incidence may limit the utility of this model.
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PATHOBIOLOGY OF A VALVULOPATHY IN FISCHER
344 RATS GIVEN A TRANSFORMING GROWTH
FACTOR-β RI KINASE INHIBITOR

A. J. Stauber, J. L. Zimmermann and B. Berridge. Toxicology Division, Eli Lilly
and Company, Greenfield, IN.
A valvulopathy characterized by inflammation, hemorrhage and stromal hypercellularity of cardiac valve leaflets was identified in Fischer 344 rats given fourteen
daily oral doses of a transforming growth factor-β RI kinase inhibitor
(LSN2109761). Temporal studies to understand the morphologic pathogenesis of
the lesions were conducted. Six to eight-week-old F344 rats were given 2, 4, 7, or
14 daily oral doses of vehicle or LSN2109761. All animals were given a single i.p
injection of BrdU 24 hours prior to necropsy. Paraffin sections of heart were stained
with hematoxylin and eosin (HE) or immunolabeled for BrdU, Factor VIII, or αsmooth muscle actin (SMA). Sections of atrioventricular and aortic valve cusps
from vehicle-treated animals exhibited infrequent BrdU nuclear labeling in endothelial and stromal cell populations and scant SMA cytoplasmic labeling in stromal cells. HE staining of hearts from LSN2109761-treated rats exhibited progressive valvular hemorrhage and acute inflammation after 4 doses. Immunolabeling of
hearts from treated animals revealed an increase in BrdU labeling in endothelial and
stromal cell populations with a stromal cell predominance. A progressive increase
in magnitude and number of individual stromal cells labeling for SMA was present
in treated animals and was first recognizable following 2 doses of compound. Factor
VIII labeling was limited to endothelial surfaces lining blood vessels, endocardium
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and cardiac valve leaflets of control and treated animals and did not increase following compound administration, confirming that valvular stromal cells were the
predominantly affected cell population. These studies demonstrate that SMA labeling can detect changes in valvular stromal cells prior to inflammation and hemorrhage, and may be a sensitive marker for compound-induced valvular changes. The
changes noted in the heart valves were not associated with extracardiac evidence of
valvular insufficiency or dysfunction.
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QUANTITATIVE MORPHOLOGIC ASSESSMENT ON
EXTRACELLULAR MATRIX IN CHEMICAL-INDUCED
DEVELOPMENTAL DISSECTING AORTIC ANEURYSM
USING MULTIPHOTON FLORESCENCE AND SECOND
HARMONIC GENERATION MICROSCOPY

B. Gong1, L. Wang1, 3, J. Sun2, G. Vargas2 and P. Boor1. 1Cardiovascular
Toxicology, Pathology, UTMB, Galveston, TX, 2Center of Biomedical Engineering,
UTMB, Galveston, TX and 3Division of Cardiovascular Medicine, Medical School of
University of Nanjing, Nanjing, Jiangsu, China.
To reveal the role of the extracellular matrix (ECM) in developmental dissecting
aortic aneurysm (DAA), we studied the pathological progression of changes in
elastin and collagen quantitatively using two nonlinear imaging techniques, multiphoton fluorescence microscopy (MPFM) and second harmonic generation microscopy (SHGM), in a recently-described model of thoracic DAA in newborn rats
due to in utero exposure to relatively non-toxic doses of semicarbazide (SM).
Sprague-Dawley rat dams were given SM (0.10 – 49.6 mg/kg i.p.) from days 14 to
20 of gestation. Fetuses were harvested on day 20 of gestation (E20), as newborns
(P1) and at 7 (P7) and 28 days of age (P28); matched controls were from dams
treated with saline only. Thoracic organs were removed for immunohistopathology
and quantitative MPFM and SHGM collagen/elastin microscopy at an excitation
wavelength of 800 nm. DAA occurred at birth, with E20 fetuses showing no lesions
in routine sections, although relative auto-fluorescence intensities in aortic wall
from different layers of media and adventitia in MPFM and SHGM scanning
demonstrated that adventitial collagen was significantly degraded at doses of 6.13
mg/kg (P<0.05). In P1, P7, and P28, DAA occurred in nearly 100% at all doses
greater than 1.15mg/kg. Histologic study revealed healing and healed vascular lesions consisting of localized collections of blood in vascular media. Gradually disorganized or non-fibrillar structures and dose-dependent degradation of elastin and
collagen were seen. Conclusion: MPFM and SHGM provide sensitive and highresolution information on aortic elastin and collagen in developmental DAA. The
extracellular matrix potentially plays a crucial role in developmental DAA.
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SCREENING OF RELATIVE TOXICITY AND ACTIVITY
OF SEVERAL CRP ANTISENSE INHIBITORS IN
CYNOMOLGUS MONKEYS

S. Henry1, T. A. Zanardi1, M. J. Graham1, M. Mazzone2, R. Early2, R. M.
Crooke1 and A. A. Levin1. 1ISIS Pharmaceuticals, Inc., Carlsbad, CA and 2Charles
River Laboratories, Sparks, NV.
C- reactive protein (CRP) is an independent risk factor of future cardiovascular
events in patients with established coronary artery disease. Statins, via direct and indirect mechanisms, can reduce CRP levels in humans to some extent, but the role
of CRP in coronary artery disease is controversial and at present there are no CRPspecific therapeutic modalities. Several Monkey-Human cross-reactive CRP antisense inhibitors were characterized. Two lead sequences were compared using either
5-10-5 or 3-14-3 configuration of 2’-MOE modification. Toxicity profiles were
compared by treating monkeys with 14 or 40 mg/kg/wk for 4 weeks. Activity was
compared in a dose-escalation study with each cycle containing four subcutaneous
doses (2, 4 and 10 mg/kg) administered (mon, wed, fri, mon) in 4 dosing cycles
over 8 weeks. At 48 hr following the last ASO dose in each treatment cycle, monkeys were challenged with 1 to 2 µg/kg IL-6 (administered subcutaneously) and
serum CRP levels were quantified over 36 hr. Finally, animals were sacrificed after
the second and fourth cycles and liver CRP mRNA, as well as standard toxicological endpoints (clinical signs, serum chemistry, hematology, body weight), were
measured. All 4 inhibitors produced a similar spectrum of changes. The primary
difference was 30% lower kidney concentration and fewer histologic changes in
kidney in the 3-14-3 MOE configuration. Plasma cytokine and CRP levels were examined but not significantly increased. Several CRP inhibitors were pharmacologically active, with the greatest reductions in serum CRP (30-66%) and hepatic CRP
mRNA (60-85%) observed at both the 4 and 10 mg/kg treatment cycles. The identification of a direct inhibitor of human CRP provides the impetus for future in
vivo pharmacological, toxicology, and clinical studies for defining the role of CRP
in atherothrombosis and acute coronary syndrome.
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THE PREVENTION OF RESTENOSIS BY SIROLIMUS:A
PHARMACOGENOMICS APPROACH

E. Koo1, R. Thyagarajan3, D. Argentieri3, J. Siekerka3, R. Falotico3, D. Jack1,
Q. Liu1, C. Alveres1, S. Weyer1, P. Miller1, S. Godin1 and T. Parry2. 1Toxicology,
Gene Logic Inc., Gaithersburg, MD, 2Johnson & Johnson Pharmaceutical, Spring
House, PA and 3Cordis Corporation, Warren, NJ.
The purpose of this study was to utilize genomic analysis to evaluate the antirestenotic activity of adventitial delivery of sirolimus (rapamycin) in a rat carotid
balloon injury model. The left common carotid arteries of 16 male Lewis rats were
injured by balloon angioplasty to induce a neointimal lesion. The injured segments
of the carotid arteries were wrapped with a silastic tube filled with either Pluronic
gel or Pluronic-formulated sirolimus (200µg total dose). The right carotid arteries
from the vehicle-treated group served as uninjured controls. Fourteen days after injury and treatment, the animals were euthanized. Both left and right carotid arteries were harvested for analyses. Arteries from half of the rats were fixed in 10% neutral-buffered formalin for histological and morphometrical evaluation of
neointimal surface area. Gene expression changes associated with balloon injury
with and without sirolimus treatment involved mRNA isolation followed by microarray analysis. Sections of the uninjured arteries showed no intimal hyperplasia.
Balloon-injured arteries treated with Pluronic gel developed a neointima with a
mean surface area of 0.113±0.048mm2. Perivascular administration of sirolimus
significantly reduced the neointimal surface area by over 95% (surface area of
0.003±0.003mm2). In addition, Pluronic gel did not induce inflammation or toxicity of the carotid segments. Genomic analysis of injured-untreated arteries compared to injured arteries treated with sirolimus revealed a significant downregulation of genes associated with the cell cycle (eg. PCNA, Cyclin B1) which is
consistent with published reports of the putative mechanism of action of sirolimus.
In conclusion, local administration of sirolimus significantly inhibits neointimal
hyperplasia in injured rat carotid arteries. Genomic analysis is an efficient and powerful method to confirm the antiproliferative mechanism of sirolimus.
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USING GENE EXPRESSION PROFILING AND
MOLECULAR PATHWAY ANALYSIS TO EXAMINE THE
PATHOGENESIS OF DRUG INDUCED VASCULAR
INJURY IN CANINE CORONARY ARTERIES

B. E. Enerson1, A. Lin1, B. Lu2, L. F. Nelms2, P. Koza-Taylor2, H. Zhao1, M. P.
Lawton2, J. R. Bender1 and E. Floyd2. 1Yale University, New Haven, CT and
2
Safety Sciences, Pfizer, Groton, CT.
A common finding in pre-clinical toxicity tests of vasoactive drugs in dogs is acute
injury to the coronary arteries that progresses to vascular inflammation. The relevance of this finding to humans is unclear because the mechanism of injury is unknown and sensitive and specific biomarkers for the clinical diagnosis of acute vascular damage and inflammation do not exist. This investigation was designed to
identify the molecular pathogenesis of drug-induced vascular injury in coronary arteries of dogs treated with adenosine receptor agonist CI-947. Male beagle dogs
were treated with CI-947 at low (2mg/kg) and high (10mg/kg) doses, and groups
(n=4) of control and treated dogs were euthanized at 6, 16 and 24 hours post dosing. Peracute to acute coronary arteriopathy occurred in all drug-treated groups,
and the incidence of arterial lesions in each dog was dose and time dependent.
Custom Affymetrix GeneChips containing probe sets for 12,000 canine genes were
used to profile gene expression of left extramural coronary arteries from all dogs.
Significantly altered genes from each time point were determined, and molecular
pathways were analyzed by two unique but complementary software applications:
Integrated Statistical Pathway Analysis (iSPAR) and Ingenuity Pathway Analysis
(IPA). iSPAR analysis revealed that numerous metabolic pathways were significantly altered as early as 6 hours including: fatty acid biosynthesis, alanine and aspartate metabolism, and the uric acid cycle. IPA indicated that the endoplasmic
reticulum stress response, VEGF signaling and RNA processing were among a number of canonical and high level pathways affected early in lesion development. The
identification of differently expressed genes and pathways in arteries of dogs with
vascular injury provides insight into the pathogenesis of this poorly understood outcome and reveals important targets that correlate with early vascular damage.
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A PROINFLAMMATORY ROLE OF MAST CELL
DEGRANULATION (MCD) IN DRUG-INDUCED
VASCULAR INJURY IN SPRAGUE-DAWLEY RATS

J. Zhang1, A. Knapton1, T. J. Miller1, P. Espandiari1, R. Anderson1, E. H.
Herman1, R. Snyder2, J. Hanig1 and J. L. Weaver1. 1CDER, USFDA, Silver
Spring, MD and 2Schering-Plough Research Institute, Lafayette, NJ.
Our previous rat studies showed that drug-induced vascular injury in mesenteric
tissue can be accompanied by MCD. To investigate the role, if any, of MCD in the
vasculitic process, we performed studies to determine if blocking MCD in rats re-

duced drug-induced vascular injury. MCD blockers cromolyn (20 mg/kg, ip) or ketotifen (1 mg/kg, ip) were given at -0.5, +2, +4 and +6 hrs relative to the drug treatment. Rats were treated with (1) a single dose of the dopamine receptor agonist
fenoldopam (60mg/kg, sc.) +/- cromolyn or ketotifen; (2) the PDE4 inhibitor SCH
351591 (20mg/kg/day, gavage) +/- ketotifen once daily for 3 days; (3) a single sc injection of the PDE3 inhibitor SK&F 95654 (50mg/kg) +/- ketotifen; (4) a single IP
injection of the mast cell degranulator Compound 48/80 (1mg/kg) +/- ketotifen.
Rats were sacrificed 24 hrs after the last drug dose. Histopathological evaluation
showed that, depending on timing and dosage, MCD, inflammation, and arterial
medial necrosis were general features of all three drugs, consistent with previous observations. Compound 48/80 induced MCD, inflammation and eosinophil recruitment. Concomitant treatment of rats with mast cell blockers moderately to
strongly reduced histopathological mesenteric lesions in animals treated with any of
the four compounds. These findings suggest that activation of mesenteric mast cells
may be a key component in the pathway leading to vascular injury induced by
phosphodiesterase inhibitors.
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IN-SITU PERFUSION OF RAT MESENTERY WITH
DRUGS TO EVALUATE ROLE OF MAST CELL
DEGRANUALTION IN EARLY MESENTERIC VASCULAR
INFLAMMATION

A. D. Knapton1, J. Zhang1, J. L. Weaver1, F. D. Sistare2 and J. Hanig1. 1CDER,
FDA, Silver Spring, MD and 2Merck, West Point, PA.
Our previous study showed the number of mesenteric tissue mast cells (MC) and
the percent of MC degranulating increased as early as 1-2 hr after treatment with
SK&F 95654. We hypothesized that MC may serve as drug targets and that MC
mediators (histamine, serotonin, etc.) may participate in early drug-induced vascular injury. This study was to determine if perfusion with MC degranulator compound 48/80 or vasodilators fenoldopam (FP) and aminophylline (AP) caused early
changes in MC, and if perfusion with MC mediators histamine or serotonin caused
early changes in the mesenteric vasculature. The mesentery of Sprague-Dawley rats
was perfused in situ, via the superior mesenteric vein, with 0.12 or 1.2 mg/ml of
compound 48/80, 2 or 4 mg/ml of AP, 0.95 mg/ml of FP, 1 or 2 mM histamine, or
800 µM serotonin for 30 min. The mesentery was then perfused with monastral
blue and Evan’s blue for 15 min. Free dyes were washed out with drug-free perfusion fluid for 15 min. Mesenteries perfused in-situ without drug were used as controls. The whole mesentery was then fixed in formalin for histopathologic evaluation. On gross examination, dye deposits were found in the mesenteric vessels in
rats perfused with compound 48/80 or AP. Histopathological evaluation showed
that blue dye was deposited in the walls of mesenteric capillaries, venules, arterioles,
and small veins in rats treated with compound 48/80, AP, histamine, and serotonin,
indicating increased vascular permeability by these agents. Also, MC degranulation,
eosinophil recruitment, and vascular inflammation were detected in rats perfused
with compound 48/80, AP, and FP. Effects of histamine and serotonin on mesenteric vessels were characterized by vasodilatation, increased vascular permeability,
increased number of eosinophils, and perivascular inflammation. This suggests that
agents causing mesenteric inflammation in the rat target the MC and that MC mediators released by degranulation may play an important role in mesenteric vascular
injury.
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ACROLEIN MEDIATES PLATELET ACTIVATION
2

S. E. D’Souza , D. J. Conklin1, A. Bhatnagar1 and S. Srivastava1. 1Cardiology,
University of Louisville, Louisville, KY and 2Physiology & Biophysics, University of
Louisville, Louisville, KY.
Acrolein is a toxic aldehyde present in air, water, and food. It is generated during
combustion of fossil fuels and has been detected in high concentration in cigarette
smoke. Because exposure to acrolein containing pollutants is associated with increase blood viscosity and thrombogenicity, we studied the direct effects of acrolein
on mouse platelets in vitro and in vivo and human platelets in vitro. In a platelet
aggregation assay, acrolein (10-25 micromolar) when added to platelets-rich plasma
(PRP) 30s prior to the addition of 0.01 mM ADP or 0.25 mM arachidonic acid
significantly augmented aggregation (15-25%) when compared with untreated
platelets. Similar results were observed when washed platelets were allowed to aggregate in the presence of fibrinogen (200 nM). To study the in vivo effects mice
were fed 5 mg/kg acrolein and blood was collected and pooled for aggregation studies. Aggregation of platelets from treated animals was increased both in the PRP
and washed platelet system. These results indicate that the effects of acrolein on
platelet aggregation do not depend on the presence of a plasmatic component but
are intrinsic to the process of platelet activation itself. Also, large platelet aggregates,
not present in control blood, were observed in the blood of acrolein-treated animals. The platelet activation marker, Platelet Factor 4 (PF4) levels increased more
than 10-fold in acrolein-treated plasma, whereas P-selectin levels were elevated 2fold. However, the levels of plasma fibrinogen remain unchanged. Significantly, a

small, but statistically significant decrease in the plasma concentration of soluble
ICAM-1 level was associated with acrolein treatment. These data suggest that
acrolein exposure at environmentally relevant concentrations could increase platelet
adhesion in vivo. Such effects of acrolein may be responsible in part for the increased thrombogenicity of acrolein containing pollutants such as automobile exhaust and cigarette smoke. Supported in part by a grant from Phillip Morris and
NIH (1P01 ES11860).
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STRUCTURE-TOXICITY-RELATIONSHIP MODELING
FOR DRUG-ASSOCIATED VASCULITIS IN HUMANS:
POSITIVE ASSOCIATION WITH A BENZENESULFONAMIDE MOTIF AND A POSSIBLE LINK TO
MYELOPEROXIDASE

C. T. Ni1, E. Gifford1, J. Paulauskis2, S. Duddy2 and F. Clemo3. 1Chemical
Technologies, Pfizer, Ann Arbor, MI, 2Safety Sciences, Pfizer, Ann Arbor, MI and
3
Safety Sciences, Pfizer, Groton, CT.
Understanding the mechanisms of low incidence and idiosyncratic adverse drug reactions (ADR) is an increasingly important issue in toxicology. Vasculitis ADR,
generally referring to inflammation of small vessels in the skin, occurs as a low incidence with various types of drugs. In this project, we studied structure-toxicity-relationship (STR) for 1,416 marketed drugs, in which 93 have been reported with
vasculitis ADR. Cluster analyses showed that the thiazides cluster is highly associated with vasculitis ADR. Maximal common substructure search identified several
motifs that are common to drugs with vasculitis ADR. Among these the benzenesulfonamide motif was selected for further evaluation. Extensive search in SciFinder
and Prous Integrity provided additional evidence supporting the positive association between benzene-sulfonamide and vasculitis. Furthermore, several compounds
with benzene-sulfonamide motif are involved in altering the levels of antimyeloperoxidase (MPO) antibodies, which have been associated with vasculitis.
Reaction network and pathway analysis of MPO revealed that granulocyte development is associated with MPO and one of MPO’s substrate, cyanosulfurous acid, is
structurally similar to the motif, benzene-sulfonamide.
In conclusion, we found a positive association between benzene-sulfonamide and
vasculitis in this study. The structure similarity between cyanosulfurous acid and
benzene-sulfonamide suggested a possible link among benzene-sulfonamide,
myeloperoxidase and vasculitis. This structure-toxicity-relationship modeling approach is still at an early stage of exploration yet it shows promising potential in
identifying possible structural alerts and assisting new drug designs in the future.
This finding, however, accounts for only 23% of all marketed drugs with vasculitis
adverse drug reactions. Other associations between chemical structures and mechanisms of vasculitis are yet to be explored.
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PRIMING DOSE OF PHENYLHYDRAZINE PROTECTS
AGAINST LETHAL EFFECTS OF BUTOXYETHANOL

H. M. Mehendale, P. S. Palkar and B. K. Philip. Department of Toxicology,
University of Louisiana, Monroe, LA.
Pretreatment with a low dose of a toxicant affording protection from a subsequently
administered lethal dose of another chemical, is called heteroprotection. Female SD
rats, receiving saline 14 d prior to the administration of LD90 dose of 2-butoxyethanol (BE, 1500 mg/kg in water, po) showed >90% mortality. Whereas all
rats receiving a single administration of a low non-lethal dose of phenylhydrazine
(PHZ, 125 mg/kg in 0.9% saline, po) 14 d prior to the administration of LD90 BE
dose survived. Following PHZ administration, hematocrit levels decreased from
normal 45% to 24% till 3 d, and recovered to normal levels by 7 d. Following BE
LD90 dose, hematocrit decreased to 17% in control rats, while decreasing only to
33% in PHZ primed rats. Hepatic alcohol dehydrogenase levels did not differ between the unprimed and primed rats, suggesting lower bioactivation of BE to butoxyacetic acid (BAA, ultimate hematotoxic metabolite of BE) is not the mechanism of heteroprotection. RBCs obtained on 14 d from rats recovered from
hemolytic episode of PHZ, upon incubation with 12-fold range of BAA concentration were resilient to BAA-induced hemolysis. When time lapsed between the
priming and lethal dose was altered, protection was 100% on 7 d but waned to
10% by 21 d, suggesting that the RBCs lose their resiliency with age. In vitro incubation of RBCs from primed and recovered rats on 7, 14 and 21 d with 12-fold
range of BAA concentration for 1 to 4 h revealed higher susceptibility of 21 d cells,
confirming the phenomenon. The resistance of new RBCs to hemolysis was confirmed by incubating RBCs from ~ 90% reticulocytosis-induced rats with 12-fold
range of BAA. The mechanisms that make young cells resistant are under investigation. This work along with previous findings establishes the heteroprotection
model in erythrocytes and confirms that the mechanism of heteroprotection is similar to that of autoprotection. Thus, protection offered by a sublethal hemolytic
episode against the subsequently administered lethal dose appears to be due to inherent resiliency of new RBCs.
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INVOLVEMENT OF DEATH PROTEINS AND THEIR
ENDOGENOUS INHIBITORS IN PROGRESSION AND
REGRESSION OF HEMOLYTIC INJURY
P. S. Palkar, B. K. Philip and H. M. Mehendale. Department of Toxicology,
University of Louisiana at Monroe, Monroe, LA.
A priming dose of butoxyethanol (BE, 500 mg/kg, po) protects female SD rats
against LD90 dose of BE (1500 mg/kg, po) administered 7 d later. Incubation of
naïve RBCs with the plasma of LD90 BE treated rats obtained 8 h later, led to cytotoxicity (leakage of LDH). Plasma butoxyacetic acid (BAA, hematotoxic metabolite
of BE, t1/2 = 2.5 to 3 h) levels were below the minimum detection limit (125 ng/µl).
Why a high dose of BE leads to hemolysis beyond 4-half-lives of BAA, is unknown.
The hypothesis that death proteins viz. calpain and cytosolic phospholipase A2
(CAP and cPLA2), released from lysed RBCs may be mediating the progression of
BAA-induced hemolysis upon activation by high plasma Ca2+ was tested.
Hemolysis was evident from 3 to 24 h after the single dose of 500 mg BE/kg.
Plasma CAP levels were higher from 3 to 9 h after BE. Incubation of naïve RBCs
with CAP (5.6 U) led to significant hemolysis by 1 h, suggesting the role of CAP in
progression of hemolysis. Primed rats recover due to efficient replacement of RBCs
with new hemolysis-resilient RBCs by 168 h, and exhibit remarkably low hemolysis on subsequent administration of a LD90 dose of BE. The hypothesis that overexpression of endogenous inhibitors of death proteins viz. calpastatin and annexin
(CAST and ANX, endogenous inhibitors of CAP and cPLA2, respectively) in the
new RBCs impart resistance to death protein-mediated progression of hemolysis
was tested. Higher CAST levels were found in the RBCs from 3 to 24 h after exposure to BE but absent in rats induced with 90% reticulocytosis. These results suggest that CAP and CAST system though involved may not play a major role in the
mediation of progression/regression of hemolysis. However, ANX levels were
higher till 168 h, implicating its role in protecting against hemolysis. ANX levels
were higher in reticulocytosis induced rats, confirming this notion. Plasma cPLA2
activity and potential synergism of CAP and cPLA2 in destroying RBCs remain to
be investigated in vitro.
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EFFECTS OF AQUEOUS EXTRACTS OF CIGARETTE
MAINSTREAM SMOKE ON THE NOREPINEPHRINEINDUCED CONTRACTION OF RAT AORTIC RINGS
IN VITRO
T. Wallerath, K. von Holt and R. Schleef. Philip Morris Research Laboratories
GmbH, Cologne, Germany. Sponsor: H. Haussmann.
Cigarette smoking is known to augment smooth muscle cell contractility, to induce
coronary artery vasoconstriction, and to increase serum norepinephrine (NE) and
epinephrine levels in vivo.
This study examines the effects of aqueous extracts of cigarette mainstream smoke
on the NE-induced vasoconstriction of rat aortic rings in vitro. Aortic rings were
prepared from the thoracic aorta of euthanized male Wistar rats and suspended in
Krebs buffered saline in organ bath chambers. Mainstream smoke was generated
from the University of Kentucky Reference Cigarette 2R4F and bubbled through
phosphate buffered saline. Aortic rings were incubated with pure phosphate
buffered saline (PBS, control) or smoke-bubbled PBS (sbPBS, 0.02-0.06 puffs/ml)
for 1 to 60 min. Vascular contractility was evaluated by examining the cumulative
concentration-contraction relationship elicited by NE (10-9-10-5 M). The effective
concentration for 50% contraction (EC50) induced by NE decreased with increasing concentrations of sbPBS. Significant differences in the EC50 values were obtained at smoke concentrations of 0.03 puffs/ml and incubation-periods of 30
min. Removal of the endothelium prior to incubation with PBS or sbPBS resulted
in a similarly increased sensitivity to NE, indicating a non-endothelial-dependent
effect of sbPBS on the contractile response of rat aortic rings. The enhancement of
the NE-induced vasoconstriction by sbPBS appears to be a cylooxygenase (COX)dependent pathway because pre-incubation (30 min) with non-selective COX inhibitors (indomethacine 10-5 M or diclofenac 10-7 M) abrogated the differences between control- and sbPBS-treated aortic rings.
These data indicate that incubation of rat aortic rings with aqueous solutions of cigarette mainstream smoke enhances the contractility of rat aortic vessels in response
to norepinephrine in vitro. This endothelium-independent effect seems to involve a
cylooxygenase-dependent mechanism.
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ACID-LEACHABLE COMPONENTS OF AMBIENT
PARTICULATE MATTER DISRUPT ENDOTHELIAL
MONOLAYER INTEGRITY AND ENHANCE αADRENERGIC AGONIST-CAUSED CONSTRICTION OF
RAT AORTA RINGS
D. Wang, T. Wang and B. Zhao. College of Pharmacy, University of South Carolina,
Columbia, SC. Sponsor: W. Su.
Ambient particulate matter (PM) triggers cardiovascular events such as myocardial
infarction. We hypothesize that acid-leachable components of residual oil fly ash
(ROFA, a surrogate for PM) cause arterial constriction and alter the response of
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vascular smooth muscle to α-adrenergic stimulation. Contraction and endothelial
integrity of isolated rat aorta rings were assessed using isometric tension studies and
scanning EM, respectively. The Acid-leaching was performed using 1N HCl after
the PM particles was washed by dd-H2O at a ratio of 10 mg:1 ml. The supernatant
(40,000xg-centrifuge) of the acidic extraction was neutralized with 1M NaOH before use. At a concentration of 2%, acid-leachable ROFA components did not affect the basal tension of arterial rings. However, when the rings were pre-contracted
by α-adrenergic stimulation (phenylephrine, PE, 0.3 µM), acid-leachable components at a concentration of 0.5% augmented the vessel tension by 34.3 ± 6.1%
(p<0.01, n=7). The response was concentration-dependent and independent of
Ca2+ influx because in the presence of Ca2+ channel antagonists (10 µM verapamil
plus 10 µM nifedipine) the increase was still 25.8 ± 2.2% (p<0.05, n=5), but
largely depended on the integrity of endothelial monolayer because the augmentation by the same concentration (0.5%) was reduced to 10.6 ± 1.4% (n=7) following endothelial denudation. Scanning EM study on the inner surface of the vessel
rings revealed that acid-leachable ROFA components disrupted the integrity of the
endothelial monolayer by causing defective changes including cell shrinkage and
necrotic cellular damage. In conclusion, acid-leachable ROFA PM can greatly enhance α-adrenergic agonist-caused vessel constriction which may be mediated by
disrupting endothelial monolayer integrity and releasing constrictive factors from
endothelial cells. The pathological changes may trigger atherosclerosis associated
with ambient PM exposure.
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EFFECT OF AMINOREX IN A HYPOXIA-INDUCED
PULMONARY HYPERTENSION MODEL IN MICE

C. E. Perrone1, M. J. Iatropoulos1, G. L. Fisher2 and G. M. Williams1.
1
Pathology, New York Medical College, Valhalla, NY and 2Research, Wyeth,
Collegeville, PA.
Aminorex (AX) is an amphetamine-like appetite-suppressant, which is associated
with pulmonary hypertension (PH) in patients. Therefore, the potential of AX to
exacerbate PH in a hypoxia-induced model in CD-1 female mice was investigated.
Maintenance of mice in 10% O2/ 90% N2 induced a significant decrease in body
weight (p=0.017) and a 22% increase in hemoglobin content. PH was manifested
in hypoxic mice by a 12% increase in the thickness of the tunica media of preacinar
small pulmonary arteries (p<0.001) and a 50% increase in the right/left ventricular
(RV/LV) ratio compared to normoxic control mice, which indicates right ventricular hypertrophy. In normoxic mice, AX at 0.188 (p=0.041) and 0.75 (p=0.034)
mg/kg/day induced a significant 20% increase in the thickness of the tunica media
of preacinar small pulmonary artery. In contrast, AX administration to hypoxic
mice caused no significant changes in body weights, hemoglobin levels, RV/LV ratios and thickness of the tunica media of preacinar small pulmonary arteries compared to hypoxic mice treated with vehicle control. Increased levels of cytokines
such as interleukin-1 (IL-1) and interleukin-6 (IL-6) have been observed in patients
and animal models of PH. Therefore, levels of IL-1 and IL-6 as well as sl-selectin
were measured in serum from hypoxic mice to establish whether these factors could
be utilized as markers of PH. IL-1, IL-6 and sl-selectin were increased in hypoxic
mice relative to controls, but such increases were not significant. Thus, it is concluded that PH can be induced in CD-1 mice by hypoxic conditions. However, hypoxia-induced PH was not enhanced by AX, possibly because the PH was already
maximal. Although elevated levels of IL-1, IL-6 and sl-selectin have been reported
in human patients with primary PH, they do not appear to be good predictors of
PH in the mouse model.
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MECHANISM OF ADVERSE EFFECTS OF UNOPPOSED
ESTROGEN REPLACEMENT THERAPY ON THE
GROWTH OF ENDOTHELIAL CELLS

Q. Felty and A. E. Leisy. Florida International University, Miami, FL.
Unopposed estrogen replacement therapy (ERT) has recently been shown to increase the risk of coronary heart disease in postmenopausal women. Estrogen exerts
important regulatory functions on different components of the vascular wall including endothelial cell proliferation which may contribute to coronary arterial disease. Reactive oxygen species (ROS) are implicated in the pathophysiology of cardiovascular disease. We recently reported that 17beta-estradiol (E2) -induced
mitochondrial (mt) ROS act as signaling molecules. E2 has been shown to increase
endothelial cell proliferation, however, the mechanism is not clear. In this study, we
have investigated that E2 exposure increases the formation of mtROS. This, in
turn, signals the growth of endothelial cells. Methods: Human umbilical vein endothelial cells (HUVEC) were used as the cell model. The dose and effect relationship was tested over the physiological concentration range of 0.5 pg/ml to 1 ng/ml
of E2. Cells were loaded with a 2’,7’-dichlorodihydrofluorescein diacetate (DCFHDA) fluorogenic probe to measure E2-induced ROS generation through spectrofluorometry. Results: E2 exposure triggered an immediate rapid production of ROS
which ranged from a 2- to 3-fold increase in HUVECs. The antioxidants N-acetyl-

cysteine (100uM) and the glutathione peroxidase mimic ebselen (20uM) abrogated
this response. The mitochondrial inhibitor, rotenone (1uM), significantly reduced
ROS formation in endothelial cells exposed to E2. Additionally, E2-induced
growth and DNA synthesis was inhibited by antioxidant treatment. Conclusions:
These findings demonstrate that E2-induced mtROS increased the growth of endothelial cells presumably by controlling the expression of cell cycle genes. Results
from this study may lead to the discovery of novel drug therapies that will reduce
the risk of coronary heart disease in postmenopausal women taking ERT.
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PPARα ACTIVATION DISRUPTS PCB-INDUCED
PROINFLAMMATORY SIGNALING PATHWAYS IN
VASCULAR ENDOTHELIAL CELLS

X. Arzuaga, G. Reiterer, Z. Majkova, M. W. Kilgore, M. Toborek and B.
Hennig. University of Kentucky, Lexington, KY.
Exposure to environmental contaminants such as polychlorinated biphenyls
(PCBs) can contribute to the pathology of atherosclerosis by inducing vascular inflammatory responses. To explore the mechanisms of proatherogenic properties of
PCBs, we studied the interaction of the co-planar PCB 77 (3,4,3’,4’-tetrachlorobiphenyl) with the anti-inflammatory transcription factor peroxisome proliferatoractivated receptor-α (PPARα). In this study we demonstrated that activation of
PPARα was able to reduce the PCB-induced inflammatory process. Porcine primary vascular endothelial cells were exposed to PCB 77 (0.4-10 µM) alone or in
combination with the PPARα ligand fenofibrate (10 or 100 µM). PCB 77 significantly increased DNA binding of the proinflammatory transcription factor NF-κB,
which was blocked by pretreatment with fenofibrate. In addition, fenofibrate protected against the PCB 77-induced mRNA and protein expression of the downstream inflammatory genes cycloxygenase-2 (COX-2) and interleukin-6 (IL-6), as
well as PCB 77-induced expression of the aryl hydrocarbon receptor (AHR) responsive gene cytochrome P450 1A1 (CYP1A1). Because the pro-inflammatory effect of PCBs could be mediated by an interference of PCBs with PPARs, we investigated the effect of PCBs on PPAR activity and expression. PCB 77 inhibited
PPAR binding to the PPAR response element (PPRE) and reduced PPARα protein
expression. PPAR transactivation was significantly reduced by PCB 77 as determined in MCF-7 cells stably transfected with a PPRE-driven luciferase reporter
gene. These findings suggest that the inflammation induced by PCBs is mediated,
in part, by inhibition of anti-inflammatory PPARs, and that PPARα activation by
synthetic agonists can significantly reduce PCB-induced proatherogenic signaling
pathways. (Supported by grants from NIEHS, NIH (P42ES07380) and the
University of Kentucky AES)
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ACROLEIN-INDUCED ENDOTHELIUM-DEPENDENT
VASODILATATION IN RODENT MESENTERIC BED: AN
NO-INDEPENDENT MECHANISM

S. O. Awe2, A. S. Adeagbo2, S. E. D’Souza2, A. Bhatnagar1 and D. J. Conklin1.
1
Cardiology, University of Louisville, Louisville, KY and 2Physiology and Biophysics,
University of Louisville, Louisville, KY.
Acrolein is a ubiquitous environmental pollutant. It is generated endogenously during lipid peroxidation and inflammation. Protein adducts of acrolein have been detected in atherosclerotic plaques and cortical neurons of patients with Alzheimer’s
disease. To better understand the cardiovascular significance of acrolein exposure,
the direct vascular effects of acrolein were determined in perfused rodent mesenteric bed. Treatment with acrolein induced a dose- and endothelium-dependent vasodilatation that was robust (% reduction of phenylephrine-induced tone:
83.8±3.8; n=23) and sensitive (ED50=1.69±0.29 nmol, n=23). Acrolein-induced
vasodilatation was mediated by K+-sensitive components, e.g., it was completely
prevented in 0 K+ buffer or in 3 mM tetrabutylammonium, inhibited 65% in 50
µM ouabain, inhibited 64% in 20 mM K+ buffer, and inhibited 32% in 1 mM 4aminopyridine. Combined treatment of Ca2+-activated K+ channel inhibitors
TRAM-34 (100 nM) and apamin (5 µM) significantly reduced acrolein-induced
vasodilatation without altering sensitivity of the mesenteric bed to acrolein.
However, acrolein-induced vasodilatation was unaffected by pretreatment with LNAME or indomethacin indicating that the effects of acrolein were not mediated
by NO or prostaglandins. Moreover, acrolein induced vasodilatation in cirazolineprecontracted mesenteric bed of eNOS-null mice, confirming that the effects of
acrolein were eNOS independent. In addition, pretreatment with PPOH (50 µM;
epoxygenase inhibitor) or Tempol (100 µM; superoxide dismutase mimetic) significantly attenuated acrolein-induced vasodilatation, respectively. Collectively, these
data suggest that acrolein stimulates mesenteric bed vasodilatation due to endothelium-derived K+-sensitive signals, e.g., EDHF, and indicate that acrolein could
contribute to vasodilatation during pathological or toxicological states associated
with increased oxidative stress or aldehyde exposure. Supported in part by USPHS
grant 1P01 ES11860.

307

CHRONIC ALCOHOL-INDUCED HYPERTENSION AND
AORTIC REACTIVITY RESPONSES IN RATS

K. Husain, M. V. Ortiz and J. L. Ortiz. Pharmacology and Toxicology, Ponce School
of Medicine, Ponce, Puerto Rico.
Epidemiological studies have shown the link between chronic alcohol consumption
and the prevalence of hypertension. However, molecular mechanisms implicated
with alcohol-induced increases in blood pressure (BP) remain elusive. The aim of
this study was to investigate the relationship of chronic ethanol-induced increase in
blood pressure (BP) with aortic reactivity response in rats. Male Fisher rats were divided into three groups of seven animals each and treated as follows: (1) Control
(5% sucrose, orally) daily for 12 weeks; (2) ethanol (4 g kg-1, orally) daily for 12
weeks. The BP (systolic, diastolic and mean) was recorded every week through tailcuff method. The animals were anesthetized with pentobarbital after 12 weeks and
thoracic aorta was isolated and analyzed for contraction and relaxation response
using tissue bath technique. The results show that the systolic and mean BP was significantly elevated 6-12 weeks after ethanol ingestion, whereas diastolic BP was significantly elevated 8-12 weeks after ethanol ingestion. Aortic contractile response to
phenylephrine in ethanol treated group was not significantly different compared to
control group with or without intact endothelium. However, chronic ethanol ingestion for 12 weeks significantly reduced the aortic relaxation response to acetylcholine with intact endothelium. Endothelium-independent aortic relaxation responses to adenosine and sodium nitroprusside were decreased in ethanol group
compared to control. The study concluded that chronic ethanol ingestion induces
elevations in systolic, diastolic and mean BP which are correlated with diminished
aortic endothelial relaxation response leading to vasoconstriction and hypertension
in rats (supported in part by NIH grant #2 G12 RR03050-19).
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ISIS 326358 AN ANTISENSE OLIGONUCLEOTIDE
TARGETED TO APOB REDUCES PLASMA LDL-C IN A
MONKEY MODEL OF HYPERLIPIDEMIA

T. Kim1, S. H. Rose2, K. Kramer-Stickland1, M. J. Graham1, K. Subramaniam1,
R. M. Crooke1, P. B. Lappin2, G. S. Elliot2, A. A. Levin1 and S. P. Henry1. 1ISIS
Pharmaceuticals, Inc., Carlsbad, CA and 2Charles River Laboratories, Sparks, NV.
ISIS 326358 is an antisense inhibitor of apoB that is the monkey homolog of ISIS
301012, a 2nd-Generation antisense drug in clinical trials for the treatment of hypercholesterolemia. The oligonucleotide sequences for ISIS 326358 and ISIS
301012 (human apoB inhibitor) differ by only two bases. In humans, apoB plays a
critical role in controlling cholesterol biosynthesis and is the principal apolipoprotein of triglyceride rich VLDL and LDL-C. This apolipoprotein is synthesized primarily in the liver of non-human primates and man. We characterized the pharmacological activity of ISIS 326358 on liver apoB mRNA, serum apoB and
lipoproteins in monkeys maintained on a high-fat diet. The monkeys were fed a
high-fat diet for 3 weeks prior to treatment and continued throughout the study
period. ISIS 326358 was administered subcutaneously at doses of 5, 10 or 35
mg/kg/week to monkeys for 5 weeks. Doses were given on alternate days for the
first 3 doses (loading) and twice weekly thereafter. The high-fat diet increased
serum cholesterol from approximately 150 mg/dl on normal chow to approximately 400 mg/dl. Statistically significant (p<0.01) reductions in total cholesterol
(up to 50%), LDL-C (up to 70%), and liver apoB mRNA and protein (up to 50%)
were observed in monkeys after 5 weeks of treatment relative to Day 1 predose values. Treatment with the apoB antisense drug produced a dose and time-dependent
decrease in LDL-C and total cholesterol. No statistically significant changes in
apoB and lipoproteins were noted in the vehicle control group, relative to Day 1
predose values. No changes in liver transaminases nor liver triglyceride levels were
noted in monkeys treated with ISIS 326358. There was no histologic evidence of
steatosis associated with inhibition of apoB in monkeys. Collectively, these data
suggest that ISIS 326358 can inhibit liver apoB expression and significantly decrease total and LDL-cholesterol in high-fat fed monkeys.
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CHRONIC CIGARETTE MAINSTREAM SMOKE
EXPOSURE INCREASES PLAQUE SIZE IN THE
BRACHIOCEPHALIC ARTERY IN APOLIPOPROTEIN EDEFICIENT MICE ON CHOW AND MILK-FATENRICHED DIETS

S. Lebrun, W. Stinn, H. Weiler, P. Kuhl, K. von Holt, T. Wallerath and R.
Schleef. Philip Morris Research Laboratories GmbH, Cologne, Germany. Sponsor: H.
Haussmann.
To gain information on the long-term effects of cigarette mainstream smoke (MS)
on the progression of atherosclerosis, a well established mouse model for atherosclerosis research [i.e., the apolipoprotein E deficient (ApoE-/-) mouse] was used. Male
Apo E-/- mice were whole-body exposed for 12 months (6 hours/day, 5 days/week)
to diluted MS at total particulate matter (TPM) concentrations of 100 µg/l and
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200 µg/l or to filtered, fresh air (sham). Each exposure group was fed either a chow
diet (0.02% cholesterol / 4.5% fat) or a milk-fat-enriched diet (0.17% cholesterol /
21% fat) to further investigate the effect of MS in combination with elevated fat
levels. The milk-fat-enriched diet increased cholesterol and triglycerides in serum,
intimal area covered by plaque, and cholesterol content in the aortic arch, and
plaque size in the brachiocephalic artery (BCA) compared to the chow diet (p<0.01,
ANOVA). Exposure to MS (200 µg TPM/l) resulted in statistically significantly elevated levels of cholesterol in the aortic arch as measured over the entire time course
(p<0.05, linear regression) in mice on a milk-fat-enriched diet compared to the corresponding sham group (p<0.05, linear regression). Furthermore, the plaque size in
the BCA of these MS-exposed mice was statistically significantly increased as measured over the entire time course compared to the sham group (p<0.05, linear regression) and represented by a 59% increase in plaque size at 6 months (p<0.05,
ANOVA). In comparison, plaque size in the BCA in mice fed a chow diet and exposed to 200 µg TPM/l MS was statistically significantly increased as measured over
the entire time course (p<0.05, linear regression) compared to the sham group with
an approximate 86% enhancement after 6 months. These data suggest that atherosclerosis, as measured in the BCA, is significantly increased by exposure to 200 µg
TPM/l MS in Apo E-/- mice on chow and milk-fat-enriched diets.
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IN VIVO TREATMENT WITH ANTIRETROVIRALS
INDUCES ENDOTHELIAL DYSFUNCITON AND
EXACERBATES ATHEROGENESIS
B. Jiang, V. Y. Hebert, J. H. Zavecz and T. R. Dugas. Pharmacology, LSU Health
Sciences Center, Shreveport, LA.
HIV antiretroviral therapy significantly reduces the progression of the HIV infection and dramatically decreases mortality. With long term treatment, however,
drug-associated cardiovascular toxicities are widely described, and this continues to
compromise the drugs’ overall effectiveness. Antiretroviral-associated atherosclerosis is described in relatively young HIV patients with no other traditional risk factors. Our and other laboratory reported that antiretrovirals in vitro decrease viability and increase cytotoxicity in endothelial cells, we also showed endothelin-1
(ET-1) is release following the drug treatment, which in turn, promotes vascular
smooth muscle cell proliferation. We hypothesize that mitochondrial dysfunction
and the generation of reactive oxygen species (ROS) is a potential mechanism for
antiretroviral-induced endothelial dysfunction and ET-1 release. To determine: A)
whether antiretrovirals induce endothelial dysfunction in vivo and, B) whether antiretrovirals exacerbate atherosclerotic lesion formation through endothelial dysfunction and ET-1, we determined the effect of antiretrovirals in two animal models, A) Sprague-Dawley rats treated with AZT, indinavir, and AZT plus indinavir
for 1 month, and B) C57BL/6 mice treated with a high-cholesterol diet plus antiretrovirals for 5 months. In rats, AZT and AZT plus indinavir impaired endothelium-dependent vasodilatation, and this effect was independent of drug-induced
lipid modulation. Moreover, serum ET-1 levels were significantly increased in the
rats treated with AZT plus indinavir. Our mouse data suggest that AZT, indinavir
and AZT plus indinavir enlarge atherosclerotic lesions. Consistant with our in vitro
data, vascular reactive oxygen species (ROS) is induced in the mice aortas, while
mitochondrial respiration of the aortic rings decreased. Our data thus far suggest
that HIV antiretroviral drugs directly induce impairment of vascular reactivity in
vivo, and may also exacerbate atherosclerotic pathogenesis through induction of
mitochondrial dysfunction and the generation of ROS.
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ADVANCING TOXICOLOGY BY IMPROVING LINKAGE
OF TRADITIONAL TOXICITY AND PATHOLOGY
ENDPOINTS WITH TOXICOGENOMICS

I. Rusyn1 and R. Paules2. 1University of North Carolina at Chapel Hill, Chapel Hill,
NC and 2National Center for Toxicogenomics, NIEHS, Research Triangle Park, NC.
Toxicogenomics has recently emerged as an extremely promising sub-discipline of
environmental health sciences. It has received an enormous amount of attention at
a large number of international toxicology meetings as a powerful, new tool for toxicologists that may considerably accelerate discovery of the mechanisms of environment-associated diseases, reveal novel biomarkers or surrogate biomarkers of both
exposure and effect, improve scientists’ ability to characterize hazard, and serve as a
foundation for advancing risk assessment. Careful assessment of linkages between
the omics data and conventional parameters of toxicity is very important for both
validation and evaluation of toxicogenomics data. Phenotypic anchoring of gene
expression data to toxicological and pathological indices removes the subjectivity of
novel molecular analyses and is important to distinguish the toxicological effect
from changes that may be unrelated to toxicity. Importantly, several recent studies
demonstrated the utility of this approach and showed how a careful examination of
different types of the data available to the toxicologists today helps to understand
organ-specific toxic events, identify conserved responses across species, and bring
other disciplines, such as genetics, into the toxicology research. Collectively, the
linkage of toxicogenomic data to specific sites within tissues and specific cellular
populations in affected tissues should result in better selection of appropriate ani-
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mal models, reduction in the number of animals used, and enhanced insight into
pathways of toxicity and disease processes that have been heretofore unattainable,
ultimately enhancing risk assessment.
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TEMPORAL CORRELATION OF PATHOLOGY AND
MARKERS OF OXIDATIVE STRESS WITH GENE
EXPRESSION IN RAT LIVER CARCINOGENESIS

I. Rusyn and C. Powell. University of North Carolina at Chapel Hill, Chapel Hill, NC.
Hepatocellular carcinoma (HCC) is the terminal event in chronic liver diseases
which include repeated cycles of cellular injury and regeneration. While much is
known about the cellular pathogenesis and etiologic agents leading to HCC, the
molecular events are not well understood. The choline-deficient (CD) model of rodent HCC involves the consecutive emergence of a fatty liver, apoptosis, compensatory proliferation, fibrosis, and cirrhosis which is markedly similar to the sequence of events typified by human HCC. Moreover, oxidative stress is thought to
play a pivotal role in the progression of the disease. To determine if gene expression
profiling can temporally mirror the histopathology and oxidative DNA damage observed with this model, both gene expression and traditional biochemistry endpoints were considered. Clusters of highly co-regulated genes representing distinct
cellular pathways for lipid biosynthesis and metabolism, apoptosis, cell proliferation and tissue remodeling temporally correlate with the well-defined sequential
emergence of pathological alterations in the progression of liver disease.
Additionally, an oxidative stress signature was observed which was corroborated in
a time-dependent manner with increases in oxidized purines and abasic sites in
DNA. Collectively, expression patterns are strongly driven by pathology which
demonstrates that patterns of gene expression in advanced stages of liver disease are
primarily driven by histopathological changes and to a much lesser degree by the
original etiological agent. In conclusion, gene expression profiling coupled with the
CD model of HCC provides a unique opportunity to unveil the molecular events
associated with various stages of liver injury and carcinogenesis and to distinguish
between causal and consecutive changes. This work is funded, in part, by NIH
(ES11391, ES10126, and ES07126).
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EXPLOITING PHENOTYPIC ANCHORING TO REVEAL
GENE EXPRESSION INDICATORS OF INCIPIENT
TOXICITY

R. S. Paules and N. Members of the NCT ToxPath Team. National Center for
Toxicogenomics, National Institute of Environmental Health Sciences, Research
Triangle Park, NC.
Toxicogenomics can reveal potential toxicity associated with exposures to toxic
agents at times and doses of exposure that would be considered non-toxic by traditional toxicity endpoints. Previously, we demonstrated that gene expression responses in rat livers can be linked to pathophysiological alterations resulting from
exposures to acetaminophen (APAP) at doses that caused significant toxicity. Most
importantly, it was possible to identify alterations in various metabolic pathways
indicative of cellular energy loss and that these alterations could also be discerned in
the gene expression responses to subtoxic doses of APAP where no classical indicators of toxicity were seen. Based on these observations, studies were designed to investigate whether phenotypic anchoring of gene expression responses to toxicants
could reveal incipient toxicity not only for APAP-induced centrilobular necrosis
but also could in fact be extended to other pathobiological endpoints. A series of
well-characterized hepatotoxicants were given to rats at doses that resulted in a
range of phenotypes from no discernible effects to liver damage. Histopathological
lesions that were observed in rat livers included centrilobular necrosis, periportal
necrosis, mid-zonal necrosis, apoptosis, cholestasis, fibrosis and endothelial cell
death. Gene expression analysis was performed and differential gene expression responses were linked, both directly and through affected pathways, with careful
histopathological and clinical chemistry evaluation. This approach can distinguish
between stress reactions and responses associated with specific toxicities and can
provide insight into incipient toxicity associated with exposures prior to detectable
organ injury. This has significant implications for our definition of toxicity and for
the advancement of predictive toxicology.
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GASTROINTESTINAL TOXICITY AS A CONTRIBUTOR
TO HEPATOTOXICITY ASSOCIATED WITH A P38
ALPHA KINASE INHIBITOR

H. Hamadeh. Toxicology, Amgen Inc., Thousand Oaks, CA.
p38 alpha kinase inhibitors are currently being developed for anti-inflammatory indications in human. One of the clinical adverse reactions observed with some of
these molecules is hepatotoxicity. We have investigated potential mechanisms of hepatic adverse action of a chemical series of p38 inhibitor compounds by studying
histological, clinical pathological, and well as genomics data from rodent toxicity
studies across several compounds. The anchorage of gene expression data to clinical

pathology and histopathology data played a central role in the development of the
hypothesis regarding the possible involvement of gastrointestinal LPS in the observed hepatotoxicity. Gut sterilization studies in the rat, as well as comparison of
toxicity profiles when compounds were administered via the oral vs intravenous
route in rat and monkey, supported the proposed hypothesis. It is concluded that
gastrointestinal toxicity observed with these specific p38 kinase inhibitors may be
related to the observed hepatotoxicity.
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COMPARATIVE ANALYSIS OF THE RODENT
UTEROTROPIC RESPONSE: IDENTIFICATION OF
CONSERVED RESPONSES AND MECHANISMS OF
ACTION

T. Zacharewski. Biochemistry, Michigan State University, East Lansing, MI.
In order to fully assess the potential adverse effects of exposure to endocrine disruptors, a more comprehensive understanding of the physiological, pathological, and
molecular responses is required within the context of the target tissues and the
whole animal. To further investigate the uterotropic response, comparative physiological, morphological and transcriptional programs elicited by ethynyl estradiol
(EE) were assessed in Sprague-Dawley rats and C57BL/6 mice using the same study
design, microarray platform and analysis method. Comparable histological alterations of uterine mid-horn sections including indications of edema, eosinophil infiltration, hypertrophy, hyperplasia, and angiogenesis were observed consistent with
temporal changes in gene expression at time points preceding or overlapping these
phenotypic endpoints. Microarray analysis identified 153 reciprocally active and
positively correlated orthologous genes, indicating conserved responses important
in uterine proliferation. These responses were associated with cell cycle and redox
control, DNA replication, protein synthesis, apoptosis, metabolism, cell communication and angiogenesis. In contrast, 58 non-positively correlated expression
changes were identified that may not be critical but impart some yet to be determined species-specific advantage. Sequence analysis of probes indicates that the differential regulation of orthologous gene pairs can not be attributed to probes querying different gene regions. Moreover, the identification of comparable temporal
expression patterns provides experimental support that 44 tentatively identified rat
EST sequences are also functionally related to their putative mouse ortholog. These
studies demonstrate the importance of phenotypic anchoring in the interpretation
of global gene expression changes which facilitates the incorporation of toxicogenomic data into mechanistically-based quantitative risk assessment. This work is
funded by NIH (ES011271) and US EPA (83184701).
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GENETIC VARIATION AS A NEW DIMENSION IN
TOXICOLOGY

D. Threadgill1, 2, 4, I. Rusyn3, 2, 4, A. Hege4, A. Bissahoyo4 and M. La Merrrill4.
Genetics, University of North Carolina, Chapel Hill, NC, 2Center for
Environmental Health and Susceptibility, University of North Carolina, Chapel Hill,
NC, 3Environmental Sciences and Engineering, University of North Carolina,
Chapel Hill, NC and 4Curriculum in Toxicology, University of North Carolina,
Chapel Hill, NC.
Classical toxicology focuses on dose- response and mode-of-action paradigms. Yet,
the effects of many chemicals and environmental exposures are context dependent,
with natural genetic variation being a major variable that is usually overlooked. By
using exposures to chemicals like the carcinogens azoxymethane and DMBA as well
as the hepatotoxicant acetaminophen that have varying modes of action on a panel
of mouse inbred strains, representing the diversity present within populations of individuals, we show that the underlying genetic variation between strains has a significant impact on the molecular and phenotypic endpoints and adds an important
dimension to toxicology. Each inbred strain models a single genetically unique individual but with the advantage of being replicable, additionally supporting investigations into modulation of exposure effects by other factors like diet. Studies investigating the interaction of genetic variation in the context of altered diet
demonstrate the importance for accurately modeling the diets consumed by humans when performing toxicological analyses. Furthermore, we demonstrate that
comparisons between phenotypic endpoints of toxicity, genetic variation, and the
power of -omics can be used to identify novel mechanistic insights into chemical
action and to identify the loci underlying inter-individual susceptibility to the effects of toxicant exposure.

years, the animal was not standardized, and was the largest variable in any animal
based research A significant advance was the standardization of the laboratory rodent by Henry Foster and the formation of Charles River Laboratories to provide
animals that are the same from order to order. By standardizing the laboratory rodent, it became possible for laboratories in Europe, the United States, and Japan to
actually be able to reproduce studies and know that the potentially largest variable,
the animal, was now controlled. The advances made with animals has significantly
improved the health of both animals and humans populations, resulting in an expanded life span and an enhanced quality of life.
As science advanced and more specific questions could be asked- experiments to
understand mechanisms and mode of action and studies aimed at subcellular and
molecular components of cells- it became necessary to learn to culture cells (both
human and animal) to further understand biology and the effects of drugs and
chemicals on their function. Today, many new and exciting approaches are available
for the scientist - from using monolayers of cells to three-dimensional reconstituted
tissues, to multiple cell types allowing the understanding of the interaction between
complex systems. These newer systems and different biological matrixes offer the
opportunity to advance science and our understanding of the underlying biology by
yet another step. This symposium presents some of these systems and focuses on
their use in toxicological studies.
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THE BIOLOGICAL MATRIX OF IN VITRO SYSTEMS
AND THEIR USE IN TOXICOLOGY

A. Goldberg1 and S. Green2. 1Environmental Health Sciences, John Hopkins
University, Baltimore, MD and 2Pharmacology, Howard University, Washington, DC.
The basic biological unit of toxicology, as it evolved over the last 100 years, has
been the laboratory rodent. The laboratory rodent was first introduced by E.V.
McCollum for nutritional studies the early part of the last century. For some 50

APPLICATIONS OF RECONSTRUCTED 3-D IN VITRO
TISSUE MODELS IN TOXICOLOGY

P. J. Hayden, J. Kubilus, S. Ayehunie, Y. Kaluzhny, J. E. Sheasgreen and M.
Klausner. MatTek Corp., Ashland, MA.
Techniques for in vitro reconstruction of 3-D epithelia from isolated human cells
have become more refined and widely utilized in recent years. These epithelial
models are cultured on microporous membranes at an air-liquid interface to produce highly differentiated 3-D cultures that possess many of the physical and biochemical properties of in vivo epithelia. The in vivo-like characteristics and barrier
properties allow application and evaluation of candidate therapeutic compounds as
well as finished formulations in a more realistic manner compared to cultures submerged in media. Examples of models successfully produced from normal (nontransformed) human epithelial cells include dermal, ocular, airway, gingival, buccal
and vaginal epithelia. Second generation models provide additional levels of complexity by incorporating multiple cells types including fibroblasts, melanocytes
and/or dendritic cells. The ultimate utility of in vitro epithelial culture models for
widespread use in industrial toxicology applications and regulatory purposes depends upon their validation with respect to interlaboratory transferability, longterm reproducibility, and the extent to which in vitro results can be extrapolated to
in vivo human results. The status of validation efforts for ocular irritation, dermal
corrosion, phototoxicity and irritation, airway irritation and vaginal irritation will
be presented.
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USE OF HUMAN CELL LINES FOR IN VITRO STUDIES

M. Ehrich. Biomedical Sciences and Pathobiology, Virginia Tech, Blacksburg, VA.
Although a variety of in vitro systems exist that demonstrate certain
similarities to events in the intact animal, it is the simplest system(clonal cell lines)
that provides the most efficient and consistent opportunity to examine pertubations of cellular functions in human cells. With these cells, concentration-response
curves can be readily created and concentrations responsible for 50% effects (EC50
values) can be used to evaluate tissue- or species-differences in response. Care, however, must be taken when EC50 values are used to compare sensitivity of different
endpoints, especially when comparisons are between non-specific endpoints (e.g.,
cytotoxicity) and specific targets (e.g., compound-specific enyzme inhibition) as
mechanisms associated with expression of the endpoints may differ. The best comparisons of EC50 values are made when concentration-response curves include several data points, when these
curves are parallel, when the endpoint of interest is specific, and when all data are
collected under the same conditions. Considerable care must be taken when comparing in vitro data obtained with human cells (e.g., EC50 values) and in vivo data
from animal experiments (e.g., LD50 values, blood concentrations in intoxicated
subjects, behavior of exposed subjects). Even so, there is value in considering in
vitro data using cells of human origin in the overall evaluation of chemical hazards.

“ANIMAL-ON-A-CHIP”: TOWARDS PREDICTIVE
TOXICOLOGY

M. L. Shuler. Biomedical Engineering, Cornell University, Ithaca, NY. Sponsor:
S. Green.
Our vision is to develop a framework using computer and experimental models to
quantitatively and explicity link genomic/molecular insights to the physiology of
whole organisms. We seek to understand the response of the human body to various pharmaceutical and environmental chemicals. We are using microtechnology to
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make a device that will become a model for ADMET (adsorption-distribution-metabolism, elimination-toxicity), studies of potential pharmaceuticals. This device is
called a micro cell culture analog (microCCA). A CCA uses mammaliana cells cultured in interconnected chambers to physically represent a physiologically based
pharmokinetic model (PBPK), or a whole body model. When a CCA system is
used in conjunction with a PBPK model, it can estimate human response to chemicals and link molecular mechanism to system response. We have done proof-ofconcept experiments with napthalene and have tested the potential toxicity of several napthalene derivatives of potential use in cosmetics. We are also extending this
approach to evaluate multidrug therapy of cancer.
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TOXICITY TESTING USING STEM CELL ASSYAS

D. A. Casciano. Office of the Director, NCTR, Jefferson, AR.
Embryonic stem (ES) cells, as well as tissue specific stem cells, have great potential
as research tools for conventional drug discovery, drug screening and predictive toxicology assays. The ability to propagate pluripotent ES cells presents unique opportunities for experimental analysis of gene regulation and function during self renewal, cell commitment and differentiation. In addition to the capacity to maintain
them as homogeneous stem cell cultures and expand them without senescence, they
maintain a stable diploid karyotype. An obvious advantage of the use of these systems is the capacity to evaluate the toxicity and perhaps the efficacy of a drug or
chemical on the dedifferentiated cell, which may be representative of a tissue stem
cell, as well as normal, differentiated cells to the same exposure regime. Since ES
have been derived from the human as well as the mouse, more relevant in vitro
species comparison studies can be accomplished. More importantly, use of human
ES cells provides for the opportunity to assess toxicity of drugs on human liver,
heart, neural or hematopoietic cells that will assist in early identification of false
drug leads or identify dangerous compounds before they enter human clinical testing. This talk will address the utility of embryonic stem cells as research tools for
drug discovery, drug screening and predictive toxicity assays.
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THE USE OF AN IN VITRO SCREENING ASSAYS TO
PREDICT HUMAN SENSITIVITY

J. E. Tomaszewski. Division of Cancer Treatment and Diagnosis, National Cancer
Institute, Bethesda, MD. Sponsor: S. Green.
Anticancer drugs are notoriously known to have severe toxicity towards normal organs, especially to proliferating cells such as bone marrow and intestinal epithelium.
Myelosuppression is usually manifest as neutropenia and is easily monitored in the
clinic. While this toxicity has been mostly associated with alkylating agents and antimetabolites in the past, it is even associated with newer targeted drugs with mechanisms of action such as cdk and HDAC inhibition. The NCI set out to develop in
vitro toxicity assays to evaluate various toxicities through the NCI”s grant and SBIR
Programs. Initially, the NCI set out to validate a CFU-GM assay as a measure of
myelotoxicity in a retrospective study using a number of previously studies anticancer agents. In addition to the NCI, this assay has also been validated by ECVAM
. The IC90, rather than the IC50, more accurately predicts in vivo sensitivity and
the MTD in man. Thus, in vitro bone marrow data can be used successfully in predicting human sensitivity to myelosuppression produced by anti-cancer agents. As a
result, this assay is currently used by the NCI in late discovery/early development to
select optimal drug development candidates. With the success of this assay development, the program has moved onto the evaluation of other assays to predict toxicities such as hepatotoxicity and pulmonary toxicity using human tissue slices and is
in the process of developing an in vitro human toxicity laboratory in our Frederick
facilities. The results of these studies will be compared to in vitro efficacy data to determine which drug candidates should move forward to development.
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INDIRECT MECHANISMS OF TOXICITY: ADVANCING
OUR UNDERSTANDING OF NEUROENDOCRINE –
IMMUNE INTERACTIONS

been found in lymphoid tissues in close association with lymphoid cells, and the
neurotransmitter is released when an antigen insult is present. Also, receptors for
neuropeptides, neurotransmitters, and hormones are present on lymphoid cells.
These findings make it reasonable to suspect that some chemicals may exert their
immunomodulatory effects indirectly on the immune system, by acting to modulate the activity of the nervous or endocrine systems. It is now critical that we begin
to address the probable role played by neuroendocrine-immune interactions in a
chemical-induced immune toxicity that may involve multiple organ systems. The
goal of this symposium is to describe advances in our understanding of the role of
the neuroendocrine-immune axis in chemical toxicity and human health.
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NON-IMMUNE MECHANISMS FOR REGULATING THE
LEVEL OF IMMUNITY

V. M. Sanders. Molecular Virology and Immunology, The Ohio State University,
Columbus, OH.
Three key discoveries indicate that a mechanism exists by which the nervous and
neuroendocrine systems communicate with cells of the peripheral immune system:
1) Primary and secondary lymphoid organs are innervated with nerve fibers containing neurotransmitters and neuropeptides; 2) Neurotransmitters, neuropeptides,
and neuroendocrine hormones are released upon antigen or cytokine administration; 3) Lymphoid cells express high affinity receptors that bind these endogenous
molecules to regulate the level of lymphocyte activity and gene expression. These
findings suggest that an immune toxicity may result from a primary effect of a toxicant on the nervous/neuroendocrine systems. This presentation will focus on an
overview of the evidence supporting the existence of a neuro/neuroendocrine interaction with the immune system.
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MODELING AND PREDICTING THE
IMMUNOLOGICAL EFFECTS OF CHEMICAL AND
DRUG INDUCED STRESS RESPONSES IN MICE

S. B. Pruett, C. Schwab, R. Fan, P. Myers and Q. Zheng. Cell. Biol. & Anatomy,
LSU Health Sciences Center, Shreveport, LA.
Stressors, including many drugs and chemicals, increase the systemic concentration
of several stress hormones and neurotransmitters in mice. Glucocorticoids (predominantly corticosterone in rodents) are the best described immunosuppressive
stress mediators. The area under the blood corticosterone concentration vs. time
curve (AUC) can be used as an indication of the magnitude of the stress response
induced by a particular drug or chemical. Changes in several immunological parameters following treatment of mice with atrazine and propanil (herbicides),
ethanol, exogenous corticosterone, and restraint (a psychological and neurogenic
stressor) were measured, and correlations between changes in these parameters and
the corticosterone AUC value were analyzed. Linear models describing the correlation between corticosterone AUC values and changes in a particular immune parameter were often similar regardless of the stressor that induced the corticosterone
response. However, there were exceptions, and results in these cases were consistent
with results from other approaches, which indicated direct effects as well as stressmediated effects. Studies in which mice were dosed daily for 28 days demonstrated
that mice developed tolerance or habituation with regard to the stress response induced by ethanol and propanil, but not atrazine. The corresponding immunological effects were mostly as expected on the basis of the stress response at the end of
the 28-day exposure period. However, the results clearly indicated that some parameters were affected by mechanisms other than stress (e.g., NK cell activity in
ethanol-treated mice). Finally, microarray analysis suggests the possibility that stress
hormones or mediators induced by chemical stressors may diminish the effects of
corticosterone on gene expression. This work was supported by a grant from the
NIEHS (ES09158).
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IMPACT OF PSYCHOLOGICAL AND ENVIRONMENTAL
FACTORS ON ASTHMA: FROM ENVIRONMENT TO
BENCH TO BEDSIDE

L. Burns Naas1 and V. M. Sanders2. 1Worldwide Safety Sciences, Pfizer Global
Research & Development, San Diego, CA and 2Molecular Virology, Immunology &
Medical Genetics, The Ohio State University Medical Center, Columbus, OH.

G. D. Marshall. Medicine, University of Mississippi Medical Center, Jackson, MS.
Sponsor: L. Burns-Naas.

There is overwhelming evidence that cytokines, neuropeptides, neurotransmitters,
and hormones, as well as their receptors, are an integral and inter-regulated part of
the central nervous system, the endocrine system, and the immune system.
Immune cells synthesize and secrete peptide hormones and neurotransmitters,
which can have autocrine (immune system) and paracrine (endocrine and nervous
systems) effects. Additionally, nerve terminals containing neurotransmitters have

There are significant events in everyday life that can affect health. Such psychological and/or physical factors can result in increased anxiety, clinical depression and/or
other psychological disturbances that have been shown to alter host immunity. As
the effects become more chronic, increasing immune alterations can be expected.
Asthma is a disease characterized by immune dysregulation similar to that reported
with chronic stress. Certain environmental toxins such as diesel exhaust particles
(DEP) and ozone have been also been linked to asthma exacerbations and incidence
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via their impact on immune regulation. Thus, it is possible that high levels of psychological and/or physical factors may increase the immunological susceptibility to
environmental toxins thereby increasing the risk of asthma exacerbations and/or incidence with exposure. Stress and DEP/ozone can all cause alterations in the regulatory cytokine balance demonstrated in vitro which likely relate to those changes
that occur in situ in asthma. Comparative studies of mechanisms between environmental toxin- and psychologically-induced immune alterations allow better understanding about the adverse effects of these two influences as serves as a prelude to
the development of clinical studies to modify or prevent asthma related illness in
susceptible patients.
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CHILDREN’S HEALTH RISK - CAN ECONOMIC
INEQUALITIES IMPACT THE NEUROIMMUNE
INTERFACE AND HEALTH?

D. A. Lawrence, N. Pabello and J. Kasten-Jolly. Wadsworth Center, Albany, NY.
Lead (Pb) can modulate immune activities in the brain and can influence nervous
system (peripheral norepinephrine (NE) effects) regulation of peripheral immunity.
Development of the neuroimmune network in the presence of chemical, physical
and psychological stressors may combine environmentally to alter neuroimmune
interactions, and it is suggested that these combinations can occur more frequently
with children living with low socioeconomic conditions. The results of such environmental stressors may increase susceptibility to infectious agents and alter neurobehaviors, which may occur only later in life. To address early environmental influences, mice were exposed to Pb acetate (0.1 mM) from GD 8 until PND 21.
The three most significant effects in the CNS, as assessed by AffyMetrix GeneChip
analysis, were Pb induced increase of B-cell receptor associated protein 29 and guanine nucleotide binding protein beta 1, and reticulocalbin. Cytokines detectable by
GeneChip analysis were IL-18>TNFα>c-kit>IL-16>TGFβ>IL-3 with no significant differences between Pb and control. However, by real-time RT-PCR, it was observed that Pb increased expression of IL-18 in males, which was substantially lower
than that of control females. IL-18 protein is differentially expressed in brain regions, and in the males, IL-18 is most highly expressed in the substantia nigra.
Developmental Pb exposure tended to increase IL-18 expression overall.
Additionally, developmental Pb exposure resulted in significant reductions in openfield behavioral activity assessed in later life with greater effects on females, while
Pb-treated males showed significantly longer latencies to aggression towards unfamiliar males than did controls in a resident-intruder paradigm. With regard to exposure to NE, together NE and Pb enhance type-2 immune responses measured as
an increased IL-4:IFNγ ratio. Pb and NE may combine to lessen host defenses
against infections and promote illnesses, such as asthma and allergies; additionally,
there are CNS neurochemical changes that may account for neurological deficits.
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MODE OF ACTION ASSOCIATED WITH INDUCTION
OF ENDOTHELIAL CELL TUMORS HEMANGIOSARCOMA

D. G. Pegg1 and B. Short2. 1World Wide Safety Sciences, Pfizer Global Research
and Development, Ann Arbor, MI and 2Drug Safety Evaluation, Allergan, Inc.,
Irvine, CA.
Hemangiosarcoma is an aggressive, malignant tumor of endothelial cells that is rare
in humans. In the 12 regions of the US National Cancer Institutes Surveillance,
Epidemiology, and End Results (SEER) database, the incidence rate of hemangiosarcoma between 1996 and 2000 was 0.21 new cases per 100,000 people
(0.00021%). Hemangiosarcoma in humans commonly occurs on head and neck
and is associated with skin structures. Liver hemangiosarcoma is associated with exposure to genotoxic compounds such as Thorotrast or vinyl chloride. In contrast,
hemangiosarcoma occurs spontaneously in liver, spleen, bone marrow, lymph nodes
and skin at a high incidence in rodents. The background incidence in B6C3F1
mice reported from the National Toxicology Program database is 5.4% in males
and 2.7% in females with a range from 0% to 12%. The incidence in Wistar rats
ranges from 0 to 3.4 %. These data suggest that mice are more susceptible to development of spontaneous hemangiosarcoma than rats and much more susceptible
than humans. Hemangiosarcoma in rodents, primarily mice, has been reported in
the labeling of a number of marketed drug products and in the literature with several chemicals. Some of these compounds demonstrated genotoxic potential in
nonclinical testing and thus a plausible mechanism for tumor induction involving
DNA adduct formation. Others, however, are clearly nongenotoxic and a mode of
action is more difficult to establish. Regardless, findings of hemangiosarcoma have
significant impact on decisions made regarding further development of these agents
and future usage. Recent research has provided a great deal of information on epigenetic processes of tumorigenesis involving oxidative stress, altered gene expression
and species differences related to endothelial homeostasis that provide a basis for
risk assessment.
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COMPARATIVE PATHOLOGY OF
HEMANGIOSARCOMA

D. E. Malarkey. National Institute of Environmental Health Sciences, Research
Triangle Park, NC. Sponsor: D. Pegg.
Hemangiosarcoma (also known as angiosarcoma or malignant hemangioendothelioma) is a highly aggressive and often lethal malignant neoplasm that arises from
vascular endothelium. Hemangiosarcomas (HSA) are generally uncommon and
have been reported in most species, including man, non-human primates, dogs,
cats, cattle, horses, pigs, mice, and rats. The neoplasm can arise in any organ but is
more commonly found in heart (right atrium), liver, spleen, lung, skin, soft tissues,
mammary gland, or bone. Local infiltration and metastasis are common with
metastasis frequently involving the lung and liver. Metastatic lesions can be difficult
to distinguish from multicentrically arising HSA. There is some evidence that benign lesions, such as hemangioma, rarely progress to malignancy. HSA has been reported in untreated B6C3F1, CD1, BalbC, and CBA/J mice at average incidences
up to 5.4%, with slightly lower incidences in female mice. F344 and Sprague
Dawley rats have relatively low spontaneous incidences (0.4% and 1.6%, respectively). Risk factors include exposure to chemicals such as vinyl chloride, arsenic,
and thorium dioxide; hemochromatosis; radiation therapy; HIV-1 infection; solar
irradiation; and heritable defects. In mice, chronic exposure to 20 chemicals studied in NTP 2 year bioassays between 1978-1999 caused a significant increase in
HSA (average incidence of 21%). Frequent p53, K-ras, and/or β-catenin mutations, some chemical-specific, have been found in human and mouse HSA.
Evidence in the dog and human that CD117 (c-KIT) is expressed in fetal blood
vessels and HSA, but not in benign neoplasms, suggests an intriguing role in HSA
development and identifies a potential therapeutic target. Studies focusing on
markers of involution of vascular anomalies and neoplasms are beginning to reveal
angiogenic and angioinhibitory pathways for HSA growth driven by cytokines such
as bFGF, PIGF, VEGF, and angiopoietins. Understanding the comparative histological, biological, and molecular aspects of benign and malignant endothelial tumors should offer insights into the pathogenesis and relevance of animal models in
risk assessment.
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INDUCTION OF HEPATIC HEMANGIOSARCOMA BY
VINYL CHLORIDE: DOSE RESPONSE AND MODE OF
ACTION

J. A. Swenberg. Environmental Sciences and Engineering, University of North
Carolina, Chapel Hill, NC.
Hepatic hemangiosarcomas are the hallmark neoplasm of the known human and
animal carcinogen, vinyl chloride (VC). The incidence of hemangiosarcomas is exposure dependent, with all known human cases associated with high exposures
prior to the identification of VC as a human and animal carcinogen. No human
cases of hepatic hemangiosarcoma have been associated with VC exposure in workers beginning after 1974, when exposure in the workplace was lowered to 1 ppm.
Likewise, hemangiosarcoma in rats and mice have been associated with exposures of
50 ppm and higher. VC must be metabolized by P450 CYP 2E1 to chloroethylene
oxide (CEO) to become mutagenic. This metabolism is saturable at VC concentrations above 200-300 ppm in humans and rodents. CEO is a highly reactive epoxide
formed in hepatocytes, that cannot circulate to distant sites, but can alkylate the
neighboring endothelial cells. CEO forms several DNA adducts including N7-oxoethyl-guanine (OEG) and several exocyclic etheno adducts. OEG is the major
adduct formed, but is not promutagenic, while the minor etheno adducts are all
promutagenic. Similar numbers of DNA adducts are formed in hepatocytes and endothelial cell DNA. Furthermore, we have shown that endothelial cells replicate
twice as fast as hepatocytes. The repair of N2,3-ethenoguanine occurs slowly over
time. Identical etheno adducts are also formed endogenously from lipid peroxidation and oxidative attack of the deoxyribose backbone of DNA. The relationship
between VC-induced and endogenous etheno adducts has been demonstrated in
[13C2]-VC exposed rats. The number of VC-adducts is linear between 0 and 100
ppm VC, so that interpolation can be used to determine relationships at very low
exposures. Using this method, 4 week exposures to 1 or 0.1 ppm VC would cause a
5 % or 0.5% increase over endogenous etheno adducts. This may explain the lack
of carcinogenicity in humans and animals exposed to low concentrations of VC.
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EPIGENETIC MECHANISMS OF HEMANGIOSARCOMA
INDUCTION

J. E. Klaunig. Pharmacology and Toxicology, Indiana University, Indianapolis, IN.
In the mouse liver, chronic exposure to selective agents results in the induction of
hemangiosarcomas. Several of these agents, including the solvent 2-Butoxyethanol,
are negative for DNA reactivity in standard genotoxicty bioassays. Unlike the rat,
the male and female mouse (B6C3F1) display a historical background rate of liver
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hemangiosarcomas of 2.5% and 0.8% respectively. In the case of 2-Butoxyethanol,
concomitant with the formation of hemangiosarcomas, was the induction of hemolysis and an increase in hemosiderin deposition in Kupffer cells. Studies in our
laboratory have been directed at understanding the mode of action of the hemangiosarcomas induce in the liver by epigenetic mechanisms. 2-Butoxyethanol serves
as one model for these studies. Treatment of B6C3F1 male mice (by gavage) with 2Butoxyethanol in a subchronic protocol produced a dose and time dependent increase in endothelial cell proliferation in the liver. Along with the increase in endothelial cell proliferation was a similar time and dose related increase in liver
oxidative damage and increased hemosiderin deposition (positive by Perls stain).
Co-treatment with antioxidants prevented the increase in oxidative stress and the
increase in cell proliferation while having no effect on iron deposition in the liver. A
pivotal role for the Kupffer cell in the induction of the mouse hemangiosarcomas
was proposed suggesting that activation of the Kupffer cells produce an increase in
the production of reactive oxygen species and an increase in endothelial growth factors resulting in an increase in endothelial cell proliferation. In the mouse liver this
increase in cell proliferation produces a tumor promotion effect on spontaneously
present preneoplastic endothelial cells. (Supported by NIH CA100908)
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INVESTIGATIVE APPROACHES TO UNDERSTANDING
THE MODE OF ACTION AND HUMAN RELEVANCE OF
PPARγ AGONIST INDUCED HEMANGIOSARCOMAS IN
MICE

R. D. Storer. Safety Assessment, Merck Research Laboratories, West Point, PA.
Peroxisome Proliferation Associated Receptor gamma (PPARγ) agonists and
PPARα,γ dual agonists, targeted for the treatment of insulin resistance in type II diabetes, have shown carcinogenic potential in 2-year rodent studies. Tumor types of
concern associated with treatment with these PPAR agonists include carcinomas in
transitional urothelium in rats and hemangiosarcomas in mice. Whereas the weight
of evidence indicates that neither the agonists nor their metabolites have genotoxic
activity, the focus has been on elucidating mechanisms of non-genotoxic carcinogenesis. In mice, an increased incidence of hemangiosarcomas has been reported for
3 of 5 PPARγ agonists and 5 of 6 PPARα,γ dual agonists. This response, as first reported for troglitazone (Tox. Appl. Pharm. 156:106-112, 1999), is characterized by
a multi-organ involvement, with subcutaneous tissue and liver the highest incidence sites. Mechanistic investigations have focused on promotion of lesions by
epigenetic mechanisms associated with stimulation of adipogenesis, and the associated angiogenic response, in adipose tissue, the principal target organ for PPARγ
agonists. In vivo studies in mice have shown that PPARγ agonists stimulate capillary endothelial cell proliferation in adipose tissue, an effect we have found to be associated with induction of enlarged capillaries, increases in extracellular fluid volume and plasma volume expansion, a class effect for PPARγ agonists. To investigate
the mechanisms of the angiogenic stimulation and effects of PPAR subtype-selective agonists, we have utilized the in vitro mouse 3T3-L1 adipocyte differentiation
model to assess induction of angiogenic growth factor gene expression (VEGF,
bFGF, aFGF, HGF). These data are expected to help elucidate key angiogenic factors, which, if dysregulated in mice treated with PPARγ agonists, can promote vascular abnormalities and proliferative lesions that can progress with chronic treatment to hemangiosarcoma.
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REGULATORY PERSPECTIVE ON PEROXISOME
PROLIFERATOR-ACTIVATED RECEPTOR (PPAR)
INDUCED TUMORS INCLUDING
HEMANGIOSARCOMA

J. D. ElHage. Division of Metabolic and Endocrine Drug Products, Food and Drug
Administration, Rockville, MD.
FDA has reviewed the 2-year mouse and rat carcinogenicity bioassay data for 11
PPAR agonists. These data demonstrate that PPAR gamma and dual(alpha/gamma)
agonists are multi-species, multi-strain, multi-sex, and multi-site rodent carcinogens. Tumor types commonly observed with increased frequency included bladder
transitional cell carcinomas in rats, hemangiosarcomas in mice, and liposarcomas in
rats. Sarcomatous tumors at multiple sites (skin, uterus, stomach, renal tubules) are
also commonly observed with these compounds, primarily in rats. Drug-induced
hemangiosarcomas have been observed in CD-1 or B6C3F1 mice treated with 4 of
6 gamma only and 4 of 6 dual agonists tested to date. With most compounds(7/8),
the hemangiosarcomas are observed primarily at sites consistent with the distribution of spontaneous tumors in mice, namely in the liver, spleen, bone marrow, adipose, and skin. One compound produced hemangiosarcomas in adipose only.
Several pharmaceutical sponsors have stopped the clinical development of their
compounds due to the rodent tumor findings. In particular when tumors were observed at all doses evaluated in the bioassay, including those associated with drug
exposures in the therapeutic range. The sites of tumor formation are consistent

68

SOT 2006 ANNUAL MEETING

with the tissue distribution of PPAR receptors. There is no evidence of genotoxicity
with the PPAR agonists or their metabolites. Since the mode of action for tumor induction is not known, the human relevance of PPAR-induced tumors can not be
ruled out. The rodent tumor findings observed to date with the PPAR agonists
pharmaceuticals and the consequent regulatory recommendations will be presented.
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EPIGENETIC MODE OF ACTION ASSOCIATED WITH
INDUCTION OF HEMANGIOSARCOMA IN MICE

D. G. Pegg, Z. Wojcinski, K. Criswell, J. Herman and T. Anderson. World Wide
Safety Sciences, Pfizer, Ann Arbor, MI.
Pregabalin binds with high affinity to the α2δ subunit of voltage gated calcium
channels and exerts analgesic, anxiolytic and antiseizure activity. Routine 2-year
carcinogenicity studies with pregabalin were completed in B6C3F1 and CD-1 mice
as well as two separate studies in Wistar rats. Doses in mice were 200, 1000 and
5000 mg/kg, with systemic exposures (AUC0-24 hr) up to 31 times the mean exposure in humans given the maximum recommended clinical dose. In rats doses were
50, 150 and 450 mg/kg in males and 100, 300 and 900 mg/kg in females at up to
24 fold exposure multiples. At these doses pregabalin treatment was associated with
an increased incidence of only a single tumor type, hemangiosarcoma, in mice but
not in rats and there was no evidence of any tumorigenic potential in the other
species tested. Pregabalin is not genotoxic. Understanding the factors associated
with tumor development facilitated determination of the relevance of these findings to humans. In the carcinogenicity studies there was a strong association between platelet and bone marrow changes. Further studies in mice have established
disrupted respiratory patterns and systemic alkalosis associated with platelet activation and bone marrow and splenic megakaryopoiesis. Given the endothelial cell origin of hemangiosarcoma and the role of bone marrow and platelets in endothelial
homeostasis it was plausible to associate these findings to tumor induction. An elevation of circulating and tissue endothelial cell growth factors (PDGF and VEGF)
and evidence of endothelial cell proliferation in target tissues was also consistent
with a process of epigenetic carcinogenesis in a species predisposed to developing
hemangiosarcoma based on historical spontaneous tumor data. Finally, studies examining these same factors in rats and monkeys as well as a human clinical study
were conducted without evidence of parallel changes in any parameters related to
the mode of action, signifying the tumor findings are epigenetic in mice and are not
relevant to other species including rats, primates, and, most importantly, humans.
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NEW CONCEPTS IN THE NEUROTOXICOLOGY OF
LEAD

L. White1, D. A. Cory-Slechta2, B. S. Schwartz6, M. E. Gilbert4, E. C. TiffanyCastiglioni3 and N. H. Zawia5. 1NCEA, USEPA, Research Triangle Park, NC,
2
Environmental and Occupational Health Sciences Institute, University of Medicine
and Dentistry of New Jersey and Rutgers, Piscataway, NJ, 3Veterinary Anatomy and
Public Health, Texas A&M, College Station, TX, 4Neurotoxicology Division, USEPA,
Research Triangle Park, NC, 5University Rhode Island, Kingston, RI and
6
Occupational and Environmental Health, Johns Hopkins University, Baltimore, MD.
Lead is a xenobiotic metal with no historically known function in cellular growth,
proliferation, or signaling. Decades of research characterizing the toxicology of lead
have shown it to be a potent neurotoxicant, especially during nervous system development. New concepts in the neurotoxicology of lead include advances in understanding the mechanisms and cellular specificity of lead. Environmental factors
such as stress and socioeconomic status have been shown to potentiate the effects of
lead through elevated glucocorticoid levels acting on the mesocorticolimbic system.
New structural MRI studies have shown relationships of lead to alterations in CNS
volumes and to the prevalence and severity of white matter lesions. Cellular models
of learning and memory have been utilized to investigate the potential mechanisms
of Pb-induced cognitive deficits. Examination of long-term potentiation in the rodent hippocampus has revealed Pb-induced increases in threshold, decreases in
magnitude, and shorter retention times of synaptic plasticity. Structural plasticity in
the form of adult neurogenesis in hippocampus is also impacted by Pb exposure.
The action of lead on glutamate release, NMDA receptor function, or growth factor expression may underlie perturbations in synaptic plasticity and contribute to
learning impairments. Evidence is also mounting that lead can accumulate in astroglial cells by utilizing the cellular transport systems normally used for essential
minerals such as calcium. Additionally, glial cells may use glucose regulated protein
(GRP78), a molecular chaperone in the endoplasmic reticulum, to temporarily
bind lead during the lead accumulation process. However, this binding may contribute to increased susceptibility of the brain to stress, as GRP78 is also a stress
protein and a chaperone for interleukine-6. Lead exposure in early life has been implicated in subsequent progression of Alzheimers Disease (AD) in rodents. This exposure caused upregulation of mRNA coding for beta-amyloid precursor protein,

which is cleaved into beta-amyloid peptides associated causally with AD. This new
body of research presents compelling evidence that even very low exposures of lead
have adverse effects on the nervous system, that environmental and genetic factors
increase nervous system susceptibility to lead, and that exposures in early life cause
neurodegeration in later life.
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COMBINED PB EXPOSURE AND ENVIRONMENTAL
STRESS: CONSEQUENCES FOR THE CNS AND THE
HPA AXIS

D. Cory-Slechta. Environmental and Occupational Medicine, Environmental and
Occupational Health Sciences Institute, University MED. Dent New Jersey,
Piscataway, NJ.
The highest lead (Pb) exposures in the U.S. occur in low socioeconomic status
populations, the same groups also thought to experience the highest levels of environmental stress with accompanying chronic elevation of glucocorticoids. The cooccurrence of these risk factors, accompanied by the fact that both Pb and stress
also target similar brain neurotransmitter systems, prompted studies in rats of Pbstress interactions. Studies of maternal Pb (150 ppm in drinking water beginning 2
mos prior to gestation; blood Pbs of 39 ug/dl), maternal stress (restraint) or the
combination, revealed that maternal Pb exposure alone permanently increased basal
corticosterone levels of both male and female offspring, as measured at 9 mos of
age. Potentiated effects of Pb and stress were found in adulthood for dopamine and
5-HT, as well as alterations in behavioral responsivity to stress challenges (restraint
stress, cold stress), particularly for females. In contrast to maternal Pb, exposures
initiated at weaning reduced basal corticosterone levels, with more pronounced effects at lower than higher blood Pbs (9-15 ug/dl vs. 23-27 ug/dl). Postweaning Pb
also altered behavioral responsivity to stress challenges following novelty stress, and
markedly increased the rise in plasma corticosterone levels following cold stress.
Postweaning Pb produced changes in dopamine and 5-HT systems that resembled
the effects of stress alone in control animals. These findings confirm notable interactions of Pb with environmental stress, with outcomes differing by gender, developmental period of Pb exposure and stressor. Importantly, effects of Pb alone differ
substantially from those of Pb and stress, and the nature of the effects are not easily
predictable a priori, findings with significant implications for risk assessment. The
permanent effects of Pb on HPA axis function suggest a new mechanism by which
Pb exposure could directly or indirectly influence susceptibility to disease and dysfunction, and induce cognitive and neurochemical alterations.
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CNS EFFECTS OF LEAD IN ADULT HUMANS: NEW
EVIDENCE FROM LONGITUDINAL STUDIES OF
NEUROBEHAVIORAL FUNCTION AND STRUCTURAL
MRI

D. Corey-Schlecta2 and B. S. Schwartz1. 1Occupational and Environmental Health,
Johns Hopkins University, Baltimore, MD and 2Environmental and Occupational
Health Sciences, University of Medicine and Dentistry of New Jersey, Piscataway, NJ.
Initial observations concerning adverse effects of neurotoxicants on cognitive function and other CNS outcomes were made in children who had early life exposures.
The sixth or seventh decades may be equally vulnerable times of life, when many
age-related changes are also occurring. Until recently, no longitudinal studies had
evaluated associations of blood and tibia lead with declines in cognitive function
over time in large, population-based cohorts with current or past occupational exposure. We have been engaged in three such studies of lead and CNS outcomes in
1109 former organolead workers in New Jersey; 803 current and former inorganic
lead workers in Korea; and 1140 Baltimore residents with environmental exposure
to lead. In each study we measured blood, tibia, and patella lead in an attempt to
make inferences about the acute, possibly reversible, effects of recent dose and the
chronic, probably irreversible, effects of cumulative dose. Blood and/or tibia lead
were associated with cognitive function in cross-sectional analyses. Longitudinal
declines in function were associated with tibia lead in both the former organolead
and Korean workers. We also obtained structural MRI in the former organolead
workers to determine if adult exposure causes persistent structural brain lesions.
Tibia lead was directly associated with prevalence and severity of white matter lesions and inversely related to global and region-specific structure volumes. These
data are the first to suggest that cumulative neurotoxicant dose is associated with
persistent structural lesions in the brain, and may explain our previous findings of a
progressive decline in cognitive function years after occupational exposure has
ended. The significant associations of tibia lead with volume of the parietal and
temporal lobes and paralimbic system structures may suggest that past exposure accelerates an underlying age-associated process in select brain regions.
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CHRONIC DEVELOPMENTAL EXPOSURE TO LEAD
(PB) IMPAIRS HIPPOCAMPAL FUNCTION

M. E. Gilbert1 and S. M. Lasley2. 1Neurotoxicology, USEPA, Research Triangle Park,
NC and 2Biomed Therap Sciences, University of Illinois, Peoria, IL.
Childhood lead (Pb) exposure has long been associated with reduced IQ, impaired
cognitive function, and recently, increases in violence and aggression. We have studied the disruptive effects of developmental Pb exposure on an electrophysiological
model of memory, hippocampal long-term potentiation (LTP). LTP represents the
physiological alterations that occur at the synaptic level with learning and is a
widely accepted model of the synaptic basis of memory. Both in vivo and in vitro
assessments following developmental Pb exposure have revealed impairments in
this form of synaptic memory. Pb increased the threshold for induction and reduced the magnitude of LTP evoked in the dentate gyrus. Duration of LTP assessed
over the course of several weeks was reduced. LTP in the hippocampus is dependent
upon glutamatergic transmission and requires the activation of postsynaptic
NMDA glutamate receptors. Presynaptically, impairment in LTP may stem from
the effects of Pb to diminish transmitter release, actions of Pb that have been well
documented using in vitro preparations. We have demonstrated Pb-induced reductions in glutamate and GABA release in the hippocampus of the intact animal using
in vivo microdialysis. Postsynaptically, changes in NMDA receptor subunit expression have also been described which may contribute to altered LTP expression.
Another form of impaired plasticity involving the addition of new granule cells to
the hippocampal formation of the adult brain has been recently described. We have
demonstrated that in adulthood, survival of newly generated neurons is compromised in the hippocampus of developmentally Pb-exposed rats. Neurogenesis may
contribute to learning and memory or may serve to replace cells that die as the result of disease or injury. Evidence of an association between hippocampal neurogenesis and affective disorders has also been mounting. An impaired ability to replace
neurons as a result of early Pb exposure may exacerbate adult-onset neurospychiatric or neurodegenerative disorders. (Funded by US EPA, NIEHS. Does not reflect US EPA policy).
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IN VITRO MODELS OF NEURAL RESPONSES TO LEAD
(PB)

E. Tiffany-Castiglioni, Y. Qian and Y. Zheng. Integrative Biosciences, Texas A&M
University, College Station, TX.
This presentation will describe and compare the toxic effects of lead (Pb) on cell
and tissue culture systems, i.e., in vitro models, which represent the constituents of
the central nervous system (CNS). Studies from our laboratory have identified differential effects of Pb on neurons and astrocytes, providing insights into neuronalglial interactions in the response of the CNS to toxicants. Astrocytes are endowed
with several antioxidant systems that may protect them from metals and other oxidants. Astrocytes also secrete interleukin-6 (IL-6) during oxidative stress, which
may protect neurons. Furthermore, astrocytes accumulate much more Pb than do
neurons, a phenomenon with many implications for neuronal stress responses. A
protein of interest in understanding the differential glial response is the 78 kDa glucose-regulated protein (GRP78), an endoplasmic reticulum (ER) molecular chaperone involved in protein folding, assembly and trafficking. This protein chaperones
IL-6 secretion by astrocytes. GRP78 also plays a role in protection against cytotoxicity and apoptosis induced by environmental insults. Work from our laboratory
demonstrates that Pb directly binds to GRP78 protein and increases GRP78 levels
in astrocytes. Furthermore, Pb induces the aggregation of a GRP78-EGFP fusion
protein in astroglial cells, in marked contrast to its normally diffuse cytosolic distribution. GRP78 depletion significantly increases the sensitivity of glia to Pb exposure as indicated by the generation of reactive oxygen species (ROS). Binding of Pb
to GRP78 is also consistent with the observations that Pb co-migrates with high
molecular weight (>66kD) protein fractions. These data indicate that Pb directly
targets GRP78 and induces its compartmentalized redistribution in living cells and
that GRP78 plays a protective role in Pb neurotoxicity.
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PB AND ALZHEIMER’S DISEASE

N. H. Zawia and R. B. Mahammad. Biomedical and Pharmaceutical Sciences,
University of Rhode Island, Kingston, RI.
The concept of the Fetal Basis of Adult Diseases (FeBAD) heralded an approach
that disturbances occurring at critical periods of organ development may lead to
programmatic changes via gene expression or gene imprinting that result in functional deficits later in life. The ability of adverse pregancy outcomes to increase the
risk for adult diseases has been amply supported by many epidemilogical studies;
however, the molecular mechanisms that mediate such long-term or delayed effects
and the potential for environmental exposures to alter the course of adult disease
has not been demonstrated. To examine the link between developemntal exposures
and diseases of old age, we have studied the relationship between lead (Pb) expsoure
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and pathogenesis associated with Alzheimer’s disease (AD) using rodent and primate animal models. The predominantly sporadic nature of AD suggests a role for
the environment in the onset of this disease. The brains of AD patients are replete
with senile plaques composed of beta-amyloid (Aβ) peptide, derived from the proteolytic processing of the amyloid precursor protein (APP). Recently we have
showed that developmental exposure of rats to Pb resulted in a delayed over-expression in APP and its amyloidogenic Aβ product. In contrast, APP expression and
beta-amyloid levels were unaltered by Pb-exposure during old age. In order to validate our findings we acquired brain samples of 23 year old Cynomolgus monkeys
with a similar Pb-exposure scenario, and examined the molecular and pathological
consequences associated with AD. Interestingly monkeys exposed to Pb as infants
exhibited an enhancement in the characteristic features of AD such as an increase in
APP; high levels of Aβ1-40 and 1-42; alterations in intracellular Aβ staining and
amyloid plaques. These studies present compelling evidence that exposure to low
levels of Pb early in life has delayed consequences that manifest in old age and suggest that exposure to environmental agents during brain development predetermine
the expression and regulation of certain genes later in life and may form the basis
for neurodegeneration occurring during senescence.
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NEW INSIGHTS INTO MECHANISMS OF CELL DEATH
AND SURVIVAL

J. D. Robertson1 and S. B. Bratton2. 1Pharmacology, Toxicology & Therapeutics,
University of Kansas Medical Center, Kansas City, KS and 2Division of Pharmacology
and Toxicology, The University of Texas at Austin, Austin, TX.
Tight regulation of cell death and survival is key for normal embryonic development and the maintenance of tissue turnover or homeostasis. Tissue homeostasis
occurs when a balance is achieved between cell renewal and cell death so that no net
change in cell number is present. Normal homeostatic cell deletion is controlled, at
least in part, by apoptosis. Consequently, dysregulation of apoptotic cell death has
been implicated in the onset of numerous pathologies, including liver and autoimmune disorders, cardiovascular disease, and cancer. Further, environmental factors
that contribute to an increased risk of these diseases appear to do so, at least in part,
by disrupting the balance between cell death and survival. Likewise, preventive and
therapeutic measures to control these diseases are often designed to block aberrant
cell death or survival. Whether a cell survives or dies in the presence of a toxic stimulus is often determined by proliferative status, repair enzyme capacity, and/or the
ability to induce or activate proteins that either promote or inhibit apoptotic cell
death. Although the underlying molecular and biochemical mechanisms, in some
cases, are at least partially understood, in many other instances they remain unclear.
This symposium will present important new insights into mechanisms regulating
cell death or survival in response to toxic stimuli. With a diverse combination of
perspectives, this session will appeal broadly to those who are interested in studies
of the molecular and biochemical mechanisms of cell death and survival.
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TOPOISOMERASE II INHIBITORS AND CELL DEATH

J. D. Robertson, P. Bu and E. E. Franklin. Pharmacology, Toxicology &
Therapeutics, University of Kansas Medical Center, Kansas City, KS.
DNA damage induced by topoisomerase II inhibitors, including doxorubicin, mitoxantrone, and etoposide, triggers the onset of intracellular events characteristic of
apoptosis. Among the changes observed is the release of cytochrome c from mitochondria, although the precise mechanism remains unclear. Traditionally, it has
been argued that DNA damage-induced cytochrome c release is a caspase-independent event, and that caspase-9 is the most apical caspase activated within the
mitochondrial apoptotic pathway. Recent findings, however, indicate that caspase2 is activated early in response to genotoxic stress and may be important for the engagement of the mitochondrial apoptotic pathway. Further, it was shown that fully
processed recombinant caspase-2 can stimulate cytochrome c and Smac/DIABLO
release from permeabilized cells, isolated mitochondria, and liposomes. However,
the mechanism whereby caspase-2 is processed and fully activated during DNA
damage-induced apoptosis remains contentious. Specifically, conflicting evidence
exists as to whether caspase-2 is a bona fide initiator of apoptosis that is largely activated within an Apaf-1-independent complex containing PIDD and the adaptor
protein RAIDD, or if caspase-2 is largely activated by caspase-3-mediated cleavage
and serves to amplify death signaling downstream of caspase-3. Current efforts are
focused in these areas and recent progress will be presented.
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MITOCHONDRIAL AND POST-MITOCHONDRIAL
PROSURVIVAL MECHANISMS IN SRTESSED CELLS

D. G. Tang, J. Liu, G. Choy and D. Chandra. Carcinogenesis, The University of
Texas MD Anderson Cancer Center, Smithville, TX, TX. Sponsor: S. Bratton.
Much has been learnt about the molecular mechanisms regulating apoptotic cell
death upon stress stimulation. Thus, various stress stimuli activate the BH3-only
(e.g., Bim, Bid, and Bad) and multidomain (i.e., Bax and Bak) Bcl-2 proteins and
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compromise the integrity of the outer mitochondrial membrane (OMM). This
leads to the release of holocytochrome c from the mitochondria to the cytosol
where cytochrome c initiates Apaf-1-dependent caspase activation and subsequent
cell death. Much less is known about how cells generally handle the stress and what
mechanisms cells under stress utilize or activate in an effort to extend their survival.
Our recent work suggests that there exist multiple prosurvival mechanisms at both
mitochondrial and post-mitochondrial levels that cells utilize to counteract the
proapoptotic signals. At the mitochondrial level, apoptotic stimuli rapidly activate
the transcription of multiple respiration-related genes (including apocytochrome c
and subunits of cytochrome c oxidase), anti-apoptotic Bcl-2 and Bcl-xL, and the
anti-oxidant protein MnSOD. At the post-mitochondrial level, apoptotic stimuli
activate CuZnSOD, HSP60, and cyclin-dependent kinase inhibitor p27. Many of
these molecules are induced clearly to extend cell survival as siRNA-mediated inhibition of induction promotes cell death. The transcriptional activation of these prosurvival molecules by apoptotic stimuli involves reactive oxygen species and the
master transcription factor FOXO3a. In addition to these de novo upregulated prosurvival molecules, we also find that endogenous nucleotides represent yet another
class of post-mitochondrial prosurvival molecules. The death-sparing effect of nucleotides is mediated by their binding to holocytochrome c and preventing cytochrome c interaction with Apaf-1. Altogether, our results shed light on the survival mechanisms of stressed cells and have general implications in understanding
cancer cell resistance to therapeutics.
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NOVEL MECHANISMS OF HEAT SHOCK-INDUCED
APOPTOSIS

S. B. Bratton and R. S. Milleron. Division of Pharmacology and Toxicology, The
University of Texas at Austin, Austin, TX.
Cellular responses to heat shock are among the most widely conserved and studied
in nature. In mammals, upregulation of heat shock proteins, such as Hsp70, constitutes an adaptive response, which often renders cells resistant to subsequent
proapoptotic stimuli, including numerous chemotherapeutic agents and environmental toxicants. Nevertheless, more intense heat shock alone can induce apoptosis
through mechanisms that remain largely unknown. Recently, we have observed that
heat shock induces caspase-dependent apoptosis via a pathway, which does not require any of the known caspase-activating complexes or their apical caspases.
Indeed, heat shock stimulates mitochondrial outer membrane permeabilization,
caspase-3 activation and cell death in a zVAD.FMK- and Bcl-2-inhibitable manner,
but does so independently of Apaf-1/caspase-9 apoptosome or FADD/caspase-8
DISC complexes, which are widely regarded as the primary mediators of mitochondrial (intrinsic)- and death receptor (extrinsic)-dependent apoptosis, respectively. Heat shock also induces apoptosis independently of caspase-2 PIDDosome
complexes, as well as inflammatory-related caspases, calpains and cathepsins. Thus,
heat shock appears to initiate a novel and potentially archaic pathway, which utilizes unidentified apical protease(s) to activate caspase-3 and induce apoptotic cell
death. The putative mechanisms responsible for heat shock-induced cell death, and
the general importance of this pathway, will be discussed.
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BOTH BID-DEPENDENT AND BID-INDEPENDENT
APOPTOTIC PATHWAYS ARE INVOLVED IN TNFαINDUCED HEPATOCYTE APOPTOSIS

X. Yin, W. Ding, H. Ni and X. Chen. Pathology, University of Pittsburgh Shool of
Medicine, Pittsburgh, PA. Sponsor: J. Robertson.
We have previously shown that Bid, a pro-apoptotic Bcl-2 family protein, plays an
important role in TNF-α and anti-Fas antibody induced liver injury and hepatocyte apoptosis. However, Bid-deficient mice were only partially protected from
TNFα-mediated toxicity. In addition, the Bid-deficient hepatocytes died after 24
hours of TNF-α treatment although the process was delayed by 6 hours compared
to the wild type cells. This suggests that a Bid-independent pathway may contribute to the cell death induced by TNF-α. Previously we found that ROS played
an important role in TNFα-mediated hepatocyte apoptosis and the production of
ROS was mainly dependent on Bid. However, we now found that Bid-independent
ROS could be also detected, albeit in a delayed fashion. Consistently, MnTBAP, a
superoxide dismutase mimetic, also significantly inhibited cell death in Bid-deficient cells treated with TNFα. Several factors may further contribute to the Bid-independent apoptosis. Bax, another pro-apoptotic Bcl-2 family protein, can translocate from the cytosol to the mitochondria to induce mitochondrial apoptotic
factors release. Using three different approaches, GFP-tagging, immunostaining
and Western blot, we observed Bax translocation following TNF-α treatment in
both wild type and Bid-deficient hepatocytes. We further found that ROS could
also mediate TNF-α-induced JNK activation. Interestingly, the antioxidant
MnTBAP, the mitochondria permeability transition pore inhibitor, cyclosporine A,
and the JNK inhibitor, SP600125, all could inhibit Bax translocation, cytochrome

c release, caspase activation and apoptosis in Bid-deficient hepatocytes. All the
above evidence suggests that ROS may play an important role in regulation of Bax
translocation and the subsequent mitochondrial dysfunction and apoptosis even in
the absence of Bid in hepatocytes.
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STEROID HORMONE INDUCED CELL SURVIVAL
RESPONSE IN CARDIOMYOCYTES

Q. M. Chen, H. Sun, S. Morrissy, L. Xie, Y. Lin and D. Alexander.
Pharmacology, University of Arizona, Tucson, AZ.
Steroid hormones regulate many physiological and cellular processes after binding
to nuclear receptors. Psychological stress is known to induce an elevation of corticosteroids in the circulating system. Although corticosteroids induce apoptosis in
lymphocytes and neuronal cells, we found that in cardiomyocytes pretreatment of
corticosterone (CT) prevents apoptosis induced by doxorubicin and several other
toxins. Progesterone (PG), aldosterone and retinoic acid, but not estrogen, testosterone, androstenedione or phenobarbitale, also elicit a cell survival response.
Mifepristone, an antagonist of glucocorticoid receptor and progesterone receptor,
abolishes the cytoprotective effect of CT and PG. CT appears to activate cell survival signaling pathways, i.e. phosphoinositide 3-kinase (PI3K) and Akt, in a glucocorticoid receptor dependent manner. Microarray analyses reveal that CT or PG
causes increases in the expression over 100 genes, among which are bcl-xL and a
number of genes encoding detoxification enzymes and antioxidant or metal binding proteins. The antiapoptotic effect of CT is mediated in part by bcl-xL expression as demonstrated by siRNA experiments. While CT regulates bcl-xL gene at the
transcriptional level, PG appears to increase the stability of bcl-xl RNA. PG but not
CT induces the expression of NAD(P)H: Quinone Oxidoreductase 1 (NQO1) via
a Nrf-2 independent mechanism. Although activating NQO1 with β-naphthoflavone induced a small degree of cytoprotection, inhibiting NQO1 with
dicumarol failed to abolish PG induced cytoprotection. Our studies suggest that
steroid induced cell survival is a complex response that may involve several pathways including PI3K activation, increased expression of prosurvival factors of bcl-2
family, and increased expression of antioxidant/detoxification genes.
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ADVANCES IN ASBESTOS TOXICOLOGY AND
EXPOSURE ASSESSMENT

E. L. Hofmann1, A. Koppikar2, T. Barry3 and S. Foster1. 1Office of Solid Waste
and Emergency Response, USEPA, Washington, DC, 2Office of Research and
Development, USEPA, Washington, DC and 3Office of Policy, Economics and
Innovation, USEPA, Washington, DC.
Occurrences of asbestos-related contamination, such as the vermiculite mine in
Libby, Montana, and the World Trade Center, have highlighted the need to update
the state of science with regard to asbestos toxicity and exposure assessment. The
purpose of this workshop is not only to provide an overview for toxicologists, but
also to highlight the advances in a number of important areas. Recent work by US
EPA in examining the carcinogenic and non-carcinogenic effects of asbestos will be
presented. The technical issues of assessing asbestos hazard in an indoor environment are presented. New data from NIOSH will update the dose-response analysis
of the mortality of textile workers. Research into cellular and molecular mechanisms of lung and pleural diseases is opening up new hypotheses on the mechanisms of action of asbestos toxicity. In the area of asbestos exposure assessment, improvements in analytical and counting methodologies will be discussed. This
presentation will also provide some preliminary results of a sensitivity analysis being
conducted by EPA on a quantitative cancer model that divides asbestos fibers into
four bins (diameter < .4um), as a function of mineral type (chrysotile versus amphiboles), and length (5-10um, > 10 um). EPA has been working to establish quantitative uncertainty bounds around the fitted model parameter estimates and performing sensitivity analyses to help characterize confidence in these values. The
preliminary results for lung cancer indicate that confidence in the fitted parameters
shows that the best results are obtained for the potency values for the long fibers, as
compared to the potency values for shorter fibers.
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ASBESTOS NONCANCER EFFECTS - INTEGRATED
RISK INFORMATION SYSTEM (IRIS)UPDATE

A. Koppikar. ORD/NCEA-W, USEPA, Washington, DC. Sponsor: E. Hofmann.
The non-cancer assessment and the cancer assessment on asbestos contained in
EPA’s Integrated Risk Information System (IRIS) database dates back to 1986. The
Agency is developing a health assessment of noncancer effects of asbestos exposure
to support the IRIS file as a background document. This assessment includes current information on the toxicity and risk for the non-cancer effects associated with

asbestos exposures using information from the published scientific literature. The
assessment indicates that amphiboles may be more toxic than serpentine. On the
other hand, there is paucity of data for fiber shape and size for non-carcinogenic
endpoints. Description of different health effects includes clinical correlation of radiologic findings, reduction in pulmonary function, and clinical signs and symptoms. The occurrence of noncancer disease entities such as pleural effusion, pleural
plaques/fibrosis, atelectasis, and asbestosis is evaluated. Preliminary evaluation suggests that pleural plaques are the calling card of asbestos exposure. Though pleural
effusion and pleural fibrosis are found to be associated with environmental exposure to asbestos they are not exclusively due to asbestos exposure. There is paucity of
data on atelectasis and asbestosis due to environmental exposure. The possibility of
the immunotoxicity, reproductive/developmental toxicity and other nonpulmonary
effects in humans is being explored but the literature on these effects is extremely
limited. Of the various aforementioned noncancer effects, a critical effect needs to
be identified for the quantitative toxicity assessment. The pleural plaques constitute
the most robust and defensible critical effect to base the safety and modifying factors. Once the non-cancer assessment is final, the Agency will proceed with its reassessment of the cancer effects associated with asbestos.
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FIBER SIZE-SPECIFIC EXPOSURE ESTIMATES AND
UPDATED MORTALITY ANALYSIS OF CHRYSOTILE
ASBESTOS TEXTILE WORKERS

E. D. Kuempel1, L. T. Stayner2, 1, J. D. Dement3, S. J. Gilbert1 and M. J. Hein1.
1
National Institute for Occupational Safety and Health, Cincinnati, OH, 2University
of Illinois, Chicago, IL and 3Duke University Medical Center, Durham, NC.
Sponsor: L. Hofmann.
Previous epidemiological studies of asbestos exposure and lung disease have estimated airborne exposures using the number of fibers >5 µm/cm3 (length/width
ratio of at least 3). However, evidence from toxicological studies suggests that the
longer fibers may be more biologically significant than the shorter fibers. To formally assess this question, NIOSH has re-analyzed the original asbestos samples for
a South Carolina textile worker cohort (Dement et al. 1983; Am J Ind Med 4:399433) using transmission electron microscopy to obtain the bivariate (diameter and
length) fiber size distributions. These data were used to develop a new bivariate jobexposure matrix for the textile workers, in which the previous phase contrast microscopy-based exposure estimates, by department and job, were adjusted to account for fiber dimension. These fiber size-specific exposure estimates include
diameters from <0.3 µm to >3 µm and lengths from <1.5 µm to >40 µm. The differences in these fiber dimensions across departments were as much as five-fold. In
addition, NIOSH has updated the mortality follow-up for this cohort, which includes an additional 701 deaths and a total of 118,474 person-years at risk. This
analysis confirmed the findings of a previous analysis (Stayner et al. 1997; Occup
Environ Med 54(9):646 52), which showed statistically significant exposure-response relationships between cumulative exposure to chrysotile fibers >5 µm/cm3
and lung cancer or asbestosis. Analyses are underway to determine the influence of
fiber dimension on lung disease risk. These findings will be useful in quantitative
risk assessment, as well as in determining the concordance of epidemiological and
toxicological studies and in evaluating the scientific evidence for a fiber size-specific
risk assessment paradigm.

350

MECHANISMS OF FIBER CARCINOGENESIS: FROM
MITOCHONDRIAL DAMAGE TO SILENCING OF THE
BIGH3 GENE

T. K. Hei1, 2. 1Center for Radiological Research, Columbia University, New York, NY,
NY and 2Environmental Health Sciences, Columbia University, New York, NY.
Sponsor: E. Hofmann.
Asbestos is an important environmental hazard in the U.S. and remains the primary
occupational concern in many developing countries. Although asbestos is carcinogenic and induces both bronchogenic carcinomas and pleura and peritoneal
mesotheliomas in humans, the underlying mechanisms of fiber carcinogenesis are
not known. For decades, asbestos has been considered a non-genotoxic carcinogen.
Using mutagenic assay system that is efficient in detecting multilocus deletions, we
showed previously that chrysotile is indeed a potent gene and chromosomal mutagen. Furthermore, phagocytosis of asbestos by target cells and the resultant oxyradical production are important mechanistic factors in fiber mutagenesis. To demonstrate that extranuclear target may play a functional role in mediating fiber
mutagenesis, enucleated cytoplasts were shown to induce oxyradicals in response to
fiber treatment. Furthermore, fiber-treated cytoplasts, upon fusion with nontreated karyoplasts showed a three-fold increase in 8-hydroxyl-deoxyguanosine, a
biomarker for oxidative DNA damage. Using an immortalized human bronchial
cell model, we have shown that chrysotile fibers induce step-wise neoplastic transformation of these cells that form progressive growing tumors when inoculated into
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nude mice. Microarray analyses have identified that the BigH3 gene is consistently
under-regulated in tumorigenic cells. Re-expression of the BigH3 gene in tumor
cells using cDNA expression vector suppresses tumor growth. Methylation PCR
studies indicate that methylation of the promoter region of the gene is a frequent
event in silencing of the gene among tumor cell lines. These results provide collaborating evidence that chromosomal deletions and loss of tumor suppressor gene
functions are crucial events in fiber carcinogenesis.
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AN OVERVIEW OF ASBESTOS COUNTING
TECHNOLOGIES

J. Verkouteren. NIST, Gaithersburg, MD. Sponsor: E. Hofmann.
The identification of asbestos requires a determination of two factors, the mineral
species and the morphology. Because of the requirement to determine the morphology, asbestos counting technologies are generally based on some microscopic
technique. Polarized light microscopy (PLM) is capable of identifying and counting
the larger fibers and fiber bundles found in bulk materials, whereas the better resolution of transmission electron microscopy (TEM) is suitable for measuring the
much finer fibers filtered from the air. A prime limitation of TEM is the extremely
small sample size; it has been estimated that the total volume of all samples analyzed
since the invention of the TEM is on the order of a half a cubic millimeter. A much
larger filter sample can be analyzed using phase contrast microscopy (PCM), which
is a type of light microscopy, but the limitations are resolution and the ability to
identify the fibers. Scanning electron microscopy (SEM) was not pursued for regulatory methods because at the time it was not able to provide the necessary resolution to compete with TEM, and did not add sufficiently to a bulk analysis to warrant the cost. Most of the techniques used in regulatory work were developed in the
70’s and 80’s to deal with exposure to commercial asbestos, and cannot address
many of the complexities faced today by exposure to naturally-occurring asbestos.
One of the prime limitations is the lack of clearly defined counting rules that are
specific for asbestos and that allow the discrimination of coarser fibers or mineral
fragments. Such counting rules could be developed strictly based on population criteria, but should also be influenced by toxicology data. On the positive side, there
are advances in microscopy, most notably the improvements in automation, which
could be used to improve the quality and reliability of the measurements of both
bulk and air samples. It is also time to revisit the SEM, as improvements in resolution may be sufficient to provide an alternative to TEM, particularly for the types of
asbestos found as naturally-occurring contaminants.

352

ASSESSING ASBESTOS HAZARDS IN THE INDOOR
ENVIRONMENT

M. A. Maddaloni. USEPA, New York, NY.
Presently, there is debate regarding the most appropriate way to sample the indoor
environment to assess the hazard posed by asbestos. Airborne asbestos concentration multiplied by exposure duration yields a risk estimate; however, obtaining a
representative indoor air sample is easier said than done. The stringent detection
limits typically required for risk assessment necessitate large sample volumes and/or
extensive microscopy. Stationary area samplers tend to under-record fiber concentration compared to personal samples. However, personal sampling may pose logistic and ethical concerns. The use of a stationary sampling protocol introduces the
issue of adding an appropriate level of energy to re-suspend fibers to reflect real-life
living conditions. An alternative to air sampling is settled dust sampling in order to
obtain asbestos load (fibers per unit area). Limited empirical data have provided an
association between asbestos fiber loads on surfaces (f/cm2) and indoor air (f/cc).
This association is dependent on a number of factors including activity pattern,
surface characteristics, asbestos fiber dimensions, room volume, and air exchange
rates. A recent study that measured the re-entrainment of an asbestos surrogate
fiber (woolastonite) from carpet underscores how just one of the aforementioned
factors (fiber dimension) may impact results.
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DIFFERENTIAL RESPONSIVENESS OF THE AH
RECEPTOR TO HAHS AND PAHS

B. Zhao, J. E. Bohonowych and M. S. Denison. Department of Environmental
Toxicology, University of California, Davis, CA.
Halogenated aromatic hydrocarbons (HAHs) and polycyclic aromatic hydrocarbons (PAHs) are the best characterized classes of ligands for Ah receptor (AhR), a
ligand-dependent transcription factor. While HAHs and PAHs can bind to the
AhR with high affinity and produce similar biological effects, only HAHs produce
AhR-dependent toxicity. While the greater potency of HAHs is proposed to result
from their significantly higher AhR binding affinity and resistance to metabolism,
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the molecular mechanisms responsible for the lack of toxicity by PAHs, even when
chronically administered at high concentrations, still remains to be elucidated. To
examine this, we have investigated the similarities and differences in ligand-dependent activation of the AhR signaling pathway by HAHs (2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD)) and PAHs (β-naphthoflavone (BNF)).
Induction of green fluorescent protein (GFP) reporter gene expression in stably
transfected rat hepatoma (H4IIe) cells by a single dose of TCDD was maximal at 6
days and remained elevated for up to 10 days, while induction BNF was maximal at
2-4 days and it decreased to background by day 10. Although BNF binds to the
AhR with an affinity ~30-fold lower than that of TCDD, the 24 hrs EC50 for GFP
induction was ~1600-fold higher than that of TCDD in these cells. Interestingly,
ligand dissociation experiments revealed persistent binding of TCDD and BNF to
rat hepatic cytosolic AhR, with only ~50% of [3H]BNF and ~20% of [3H]TCDD
binding lost at 24 hrs. Persistent binding of both ligands and the relatively rapid
turnover of occupied AhR in treated cells are inconsistent with ligand dissociation
being responsible for persistent gene activation. While it is possible that differences
exist in the ability of HAH- versus PAH-AhR complexes to alter the magnitude,
persistence and spectrum of AhR-induced genes, our results suggest that the greater
persistence of HAH-inducible gene expression is more dependent upon the metabolic stability of the inducing ligand rather than its affinity for and persistence in
binding to the AhR. (ES012498)
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HOMOLOGY MODELING AND MUTAGENESIS OF THE
MOUSE AHR LIGAND BINDING DOMAIN

M. Denison1, Y. Song1, A. Pandini2, A. Soshilov1, C. Sorrentino1 and L.
Bonati2. 1Department . of Environmental Toxicology, University of California, Davis,
CA and 2di Scienze e del Territoria, Universita degli Studi di Milano-Bicocca,
Milano, Italy.
The aryl hydrocarbon receptor (AhR) is a ligand-dependent bHLH-PAS-containing transcription factor that mediates many of the effects of structurally diverse
chemicals, including 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD). Although this
AhR contains a promiscuous ligand binding pocket, the absence of a 3-D structure
of the AhR ligand binding site has hindered analysis of the structural basis for ligand binding and signaling. Using a homology model of the PASB domain of the
murine AhR ligand binding domain (LBD) we developed from the PASB NMR
template structures of HIF1α and Arnt, we carried out site-directed mutagenesis
and functional analysis of mutant AhR proteins to make predictions on the residues
and secondary structures important for AhR functions. The AhR LBD has a typical
PAS fold structure of a 5 stranded antiparallel β sheet, three small contiguous helices and one larger helical connector. Our results are consistent with this homology
model. Deletion analysis identified a region of the β sheet involved in the interaction of AhR with hsp90 (i.e. deletion reduced hsp90 binding and led to ligand-independent dimerization with Arnt and DNA binding). Most site directed mutations that affected AhR ligand binding, dimerization and DNA binding were of
residues that point into the binding pocket. Mutation of Ala375 to Val (a naturallyoccurring mutation in human AhR and mouse AhRd), dramatically reduced ligand
and DNA binding of the mouse AhR. Mutagenesis also identified residues within
the pocket that preferentially affected the ability of substituted indirubin AhR ligands to activate AhR DNA binding compared to TCDD, suggesting that structurally diverse ligands may bind to different residues/regions within the LBD. This
model has also led to a proposed mechanism of by which ligand binding leads to
AhR activation. (NIH ES07685, ES05707).
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ENDOTHELIN-1-MEDIATED INCREASE IN REACTIVE
OXYGEN SPECIES AND NAD(P)H OXIDASE ACTIVITY
IN HEARTS OF ARYL HYDROCARBON RECEPTOR
(AHR) NULL MICE

A. K. Lund, S. L. Peterson, G. S. Timmins and M. K. Walker. College of
Pharmacy, University of New Mexico, Albuquerque, NM.
In our previous studies we have shown that genetic deletion of the AhR results in
cardiac hypertrophy that is mediated primarily by endothelin-1 (ET-1). ET-1 has
been implicated in the elevation of reactive oxygen species (ROS) in the heart,
which are thought to contribute to several cardiovascular disorders, including cardiac hypertrophy. Thus, we tested the hypothesis that ET-1 induces ROS in AhR
null mice via ETA receptor activation. We first confirmed the presence of ROS in
the hearts of AhR null mice by measuring superoxide (O2.-)-dependent oxidation of
dihydroethidium. O2.--generated fluorescence was increased by 10X in hearts of
AhR null mice, compared to wildtype. To elucidate whether ET-1 mediated the increase in ROS, mice were chronically treated with 100 ng/kg/day of ETA receptor
antagonist, BQ-123. In AhR null mice, BQ-123 significantly reduced elevated
plasma 8-isoprostane (AhR null: 309 ± 43.4; BQ-123-treated AhR null: 102 ± 6.8
pg/ml, p<0.050), a systemic endproduct of phospholipids oxidation by ROS, and
cardiac thiobarbituric acid reactive substances (AhR null: 44.6 ± 2.6; BQ-123-

treated AhR null: 26 ± 1.3 nmol/ml, p<0.050), a non-specific assessment of ROS
production. Further, BQ-123 reduced both cardiac lucigenin chemiluminescence
(AhR null: 7.3 ± 0.4; BQ-123-treated AhR null: 4.1 ± 0.2; AhR wildtype: 3.7 ± 0.2
RLU/mg tissue/5 min, p<0.001) and cardiac mRNA expression of NAD(P)H oxidase subunits gp91phox, p47phox, and p67phox, in AhR null mice, compared to
wildtype. These findings demonstrate that ET-1 activation of ETA receptors mediates an increase in ROS which is associated with cardiac hypertrophy in AhR null
mice. Further, the ET-1-mediated increase in ROS appears to be a result of increased NAD(P)H oxidase activation in AhR null mice. Supported by ES010433 to
MKW; P30 ES12072 to UNM.
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CHARACTERIZATION OF HSP90-BINDING TO THE AH
RECEPTOR, CENTRAL ROLE OF THE PASB DOMAIN

A. Soshilov1, A. Pandini2, L. Bonati2 and D. Michael1. 1Environmental Toxicology,
UCDavis, Davis, CA and 2Dipartimento di Scienze e del Territoria, Universita degli
Studi di Milano-Bicocca, Milano, Italy.
The Ah receptor (AhR) is a ligand-dependent transcription factor, which regulates
the biochemical and toxic effects of structurally diverse chemicals. Hsp90, one subunit of the AhR complex, appears to direct proper folding and maintenance of the
high affinity ligand binding conformation of the AhR in some species. Using a
structural homology model we developed for the ligand- and hsp90-binding PASB
domain of the AhR to guide our mutagenesis, we have examined the physical interactions of hsp90 with the AhR and subsequent effects on AhR functionality
(hsp90, ligand and DNA binding and transcriptional activation). Deletion of the
PASB domain resulted in the complete loss of hsp90-binding and constitutive ligand-independent activation of DNA-binding and reporter gene transcription, suggesting that documented interactions of hsp90 with the AhR bHLH domain are insufficient on their own for hsp90 binding. Swapping of the PASB domain of Arnt
(which does not bind hsp90) for that of the AhR did not completely eliminate
hsp90 binding suggesting that the Arnt PASB domain can confer and/or maintain
weak hsp90 binding in the context of the full-length AhR; binding through the
bHLH site is dependent on the presence of the intact PASB domain. Deletions
within the AhR PASB domain resulted in intermediate levels of hsp90 binding and
revealed that the bulk of the central PASB 5 strand b-sheet is required for the optimal hsp90-binding. PASB deletions excluding amino acids 339-362 resulted in ligand-independent transformation and DNA-binding, similar to full PASB deletion.
Based on the AhR PASB model, these results not only indicate that two b-strands
with the connecting flexible loop are essential for ligand-induced activation of AhR
transformation, but they suggest that ligand binding to the PASB domain may induce a conformational change in this region that weakens its association with hsp90
exposing the AhR bHLH-PASA dimerization domain for Arnt. (NIH ES07685).
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THE ROLE OF ENDOGENOUS XAP2 IN THE
SUBCELLULAR LOCATION AND
NUCLEOCYTOPLASMIC SHUTTLING OF THE
ENDOGENOUS AHB-1 RECEPTOR

S. Wilson and R. S. Pollenz. Biology, University of South Florida, Tampa, FL.
The endogenous Ahb-1 receptor expressed in the murine Hepa-1 cell line is primarily localized to the cytoplasm and does not accumulate in the nucleus when nuclear export is blocked by leptomycin B (LMB). Studies using transient expression
systems have implicated the immunophilin-like XAP2 protein in the control of the
localization of the Ahb-1 receptor and suggest that XAP2 dissociates prior to ligandmediated nuclear localization. To evaluate the role of endogenous XAP2 on the localization of the endogenous Ahb-1 receptor, Hepa-1 cells were exposed to TCDD
for 0, 15, 30, 45 and 60 minutes and harvested for immunoprecipation studies (IP)
or fixed and immunostained. TCDD exposure resulted in the translocation of the
AHR to the nucleus within 30 minutes, yet equal amounts of XAP2 were precipitated with the AHR at all time points. XAP2 was also detected in association with
the non-degraded AHR fraction that remained in the cells following 4 hours of
TCDD exposure. Reduction of endogenous XAP2 in Hepa-1 cells with siRNA, resulted in an Ahb-1 receptor that was not associated with significant levels of XAP2,
yet retained a cytoplasmic localization in the absence of ligand. However, in these
cells, the endogenous Ahb-1 receptor could be detected in the nucleus following exposure to LMB. Truncation of the COOH-terminal 305 amino acids of the Ahb-1
receptor resulted in an AHR protein that exhibited a predominant nuclear localization and was associated with the same level of XAP2 as full-length AHRs that exhibited a cytoplasmic localization. These studies support a role of the XAP2 protein
in the cytoplasmic retention of the unliganded full-length Ahb-1 receptor. However,
in the absence of the COOH-terminal domain, XAP2 remains associated with the
AHR but does not function to retain the receptor in the cytoplasm. In addition, the
studies indicate that XAP2 does not dissociate from the endogenous Ahb-1 receptor
following ligand binding. Supported by NIH grant ES10991 (RSP).
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3-METHYLCHOLANTHRENE AND OTHER ARYL
HYDROCARBON RECEPTOR AGONISTS DIRECTLY
ACTIVATE ESTROGEN RECEPTOR ALPHA

M. Abdelrahim1, E. Ariazi2, K. Kim1, S. Khan1, R. Barhoumi1, R. Burghardt1,
S. Liu1, B. Wlodarczyk1, D. Hill1, R. Finnell1, V. Jordan22 and S. Safe1. 1Texas
A&M University, Houston, TX and 2Fox Chase Cancer Center, Philadelphia, PA.
3-Methylcholanthrene (3MC) is an aryl hydrocarbon receptor (AhR) agonist, and
it has been reported that 3MC induces estrogenic activity through AhR-estrogen
receptor α (ERα) interactions. In this study, we used 3MC and 3,3’,4,4’5-pentachlorobiphenyl (PCB) as prototypical AhR ligands, and both compounds activated estrogen-responsive reporter genes/gene products (cathepsin D) in MCF-7
breast cancer cells. The estrogenic responses induced by these AhR ligands were inhibited by the antiestrogen ICI 182780 and by transfection of a small inhibitory
RNA (siRNA) for ER but were not affected by an siRNA for AhR. These results
suggest that 3MC and PCB directly activate ERα, and this was confirmed in a
competitive ERα binding assay and in a fluorescence resonance energy transfer
(FRET) experiment where PCB and 3MC induced CFP-ERα/YFP-ERα interactions. In a chromatin immunoprecipitation assay, PCB and 3MC enhanced ERα
(but not AhR) association with the estrogen responsive region of the pS2 gene promoter. Moreover, in AhR knockout mice, 3MC increased uterine weights and induced expression of cyclin D1 mRNA levels. These results demonstrate that PCB
and 3MC directly activate ERα-dependent transactivation and extend the number
of ligands that activate both AhR and ERα.
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MALIGNANT TRANSFORMATION OF MAMMARY
EPITHELIAL CELLS BY OVER-EXPRESSION OF THE
ARYL HYDROCARBON RECEPTOR

J. Brooks and S. E. Eltom. Biomedical Sciences, Division of Cancer Biology, Meharry
Medical College, Nashville, TN.
The aryl hydrocarbon (Ah) receptor, which is well known for its mediation of the
toxic responses to the environmental poly-halogenated aromatic hydrocarbons
(PAH), is a ligand activated basic helix-loop-helix transcription factor. Many reports have documented the role of the Ah receptor (AhR) in PAH-induced carcinogenicity, however in this report we addressed whether the over-expression of
the AhR alone is sufficient to induce carcinogenic transformation in mammary epithelial cells. Retroviral expression vectors were used to stably express high levels of
AhR proteins in an immortalized normal human mammary epithelial cell line
(HMEC) with low background AhR expression. Series of HMEC stables with varying expression levels of AhR were generated. Clones overexpressing AhR by more
than 3-fold showed a two fold decrease in the population doubling time compared
to vector-control cells. Cell cycle analysis revealed that this enhancement in proliferation rate was mainly due to an increase in the percentage of cells transiting from
Go/G1 to S- and G2/M phases. The overexpression of AhR has resulted in morphological transformation of these HMEC into a fibroblast-like cells with acquired
enhanced motility and increased in their migration by more than two folds compared to their vector-expressing clones. Most significantly, these transformed cells
have acquired the ability to invade matrigel matrix, where more than 80% of plated
cells invaded the matrix and crossed the membranes within 24 h. In contrast, none
of the vector controls or the parent HMEC were able to invade matrigel.
Furthermore, these malignant phenotypes were coupled with the ability of the
clones to form colonies in soft agar, reflecting their malignant transformation.
Collectively, these data provide the first evidence for the direct role of AhR in progression of breast carcinoma. Funded by G12-RR03032, U54-CA91408-03,
DAMD17-02-1-0483, DAMD17-02-01-0458.
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THE DIFFERENTIAL RECRUITMENT OF ERα TO
CYP1A1 BY BNF, ICZ, AND DIM AND THE IMPORTANT
ROLE OF ERα IN AHR TRANSCRIPTION

B. Wihlen1, N. Heldring1, E. Treuter1, L. Helguro1, L. Haldosen1, J.
Gustafsson2 and J. Matthews1. 1Department of Biosciences, Karolinska Institute,
Huddinge, Sweden and 2Medical Nutrition, Karolinska Institutet, Huddinge, Sweden.
We have recently described the TCDD-dependent recruitment of estrogen receptor
alpha (ERα) to AhR regulated target genes CYP1A1 and CYP1B1. However,
whether and to what extent other AhR agonists induce the recruitment of ERα to
CYP1A1 is not known. Using ChIP assays in T47D breast cancer cell line, we
demonstrate that beta naphthoflavone (βNF), diindolylmethane (DIM) and indolo[3,2-b]carbazole (ICZ) induce the recruitment of ERα to CYP1A1, although
the level of promoter occupancy of ERα varied among the different ligands. BNF,
TCDD and ICZ induced a 10-fold promoter enrichment of ERα to CYP1A1 compared to solvent controls, whereas DIM induced an 80-fold enrichment.
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Cotreatment of with 17β-estradiol (E2) resulted in a significant increase in the promoter occupancy of ERα to CYP1A1 for TCDD+E2 (20-fold), BNF+E2 (20fold), and ICZ+E2 (80-fold); however the high level of promoter occupancy of
ERα induced by DIM was not further increased by cotreatment with DIM+E2
(80-fold). Stable expression of ERα enhanced TCDD mediated transcription when
expressed in both (i) HEK293 and (ii) HepG2 cells. This increase in CYP1A1 expression was not observed in HEK293 cells stably transfected with ERα lacking its
N-terminal ligand independent activation domain (AF-1). In order to determine
the extent to which both ER subtypes contribute to AhR signaling we used the
mouse mammary epithelial cell line HC11 known to express both subtypes of estrogen receptors (ERα and ERβ). Stable knockdown of ERα levels in these cells by
siRNA reduced TCDD-induced CYP1A1 activation by 75%, whereas no reduction
was observed in cells where ERβ was knockdown by siRNA. These results establish
a role for ERα in AhR mediated transcription.
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PCB126, BUT NOT PCB104 INDUCES RECRUITMENT
OF ERα TO AHR TARGET GENES

J. Matthews1, B. Wihlen1, N. Heldring1, E. Treuter1, L. Helguro1, L.
Haldosen1 and J. Gustafsson1. 1Department of Biosciences, Karolinska Institute,
Huddinge, Sweden and 2Medical Nutrition, Karolinska Institutet, Huddinge, Sweden.
In a previous study, we have shown the TCDD-dependent and temporal recruitment of ERα to AhR target genes. In order to provide further evidence that AhR
agonists induce the recruitment of ERα to AhR target genes, we examined the ability of the coplanar (TCDD-like) 3,3’,4,4’,5 polychlorinated biphenyl (PCB126)
and the non-coplanar (estrogen mimicking) 2,2’,4,6,6’ PCB (PCB104) to induce
the promoter occupancy of ERα, AhR and ARNT to the XREs in the CYP1A1
promoter using T47D human breast cancer cells. Chromatin immunoprecipitation
(ChIP) showed that PCB126, but not PCB104 increased the promoter occupancy
of ERα (5-fold), AhR (40-fold) and ARNT (50-fold) to CYP1A1. Cotreatment of
PCB126+E2 significantly increased the promoter occupancy of ERα at CYP1A1,
whereas the promoter occupancy of AhR and ARNT were unaffected. The TCDD
and PCB126 induced CYP1A1 expression levels were unaffected by cotreatment
with estradiol. PCB104 induced minimal CYP1A1 expression in these cells.
However, HEK293 cells stably transfected with ERα showed significantly higher
TCDD and PCB126 dependent CYP1A1 expression compared cells stably transfected with the empty vector. This increase in CYP1A1 expression was not observed
in HEK293 cells stably transfected with ERα lacking its N-terminal AF-1 domain.
In addition, mouse mammary cells HC11 cells expressing stable siRNA against
ERα showed a 75% reduction in PCB126 induced CYP1A1 activity. Collectively,
these data support our previous observations that AhR agonists induce the promoter occupancy of ERα to CYP1A1 and also reveal a positive role for ERα in AhR
transcription.
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DI-(2-ETHYLHEXYL)-PHTHALATE AFFECTS LIPID
PROFILING IN THE FETAL RAT BRAIN UPON IN
UTERO EXPOSURE

T. J. Cook, Y. Xu and G. T. Knipp. Department of Pharmaceutics, Rutgers, The
State University of New Jersey, Piscataway, NJ.
Lipids, especially essential fatty acids (EFA), play a critical role in guiding proper
fetal development by participating in membrane synthesis, energy storage, bioactive
mediator signaling and a variety of other physiological functions. Exposure to xenobiotics that may alter the fetal supply of EFAs/lipids could lead to toxic effects in
the fetus. In this study, we investigated the effects of the peroxisome proliferator
chemical, di-(2-ethylhexyl)-phthalate (DEHP), a widely used plasticizer and ubiquitous environmental contaminant, on the lipid profile of the fetal brain upon maternal exposure during gestation. Female Sprague-Dawley rats were orally gavaged
daily with a control vehicle or DEHP (1500 mg/kg) from gestational day (GD) 0 to
GD 19 and fetal brain tissue was isolated at GD20. The concentrations of 11 lipid
classes (free cholesterol, cholesterol esters (CE), diacylglycerol, triacylglycerides,
phosphatidylcholine (PC), phosphatidylethanolamine (PE), phosphatidylserine
(PS), lysophosphatidylcholine (LYPC), cardiolipin, and sphingomyelin (SM) were
determined, as well as the composition of individual fatty acids. The total lipid concentration decreased with exposure to DEHP especially for free cholesterol and
SM, which decreased by 33% and 54%, respectively. The same trend was observed
in the fatty acid compositions, particularly the unsaturated fatty acids where a
greater decrease was observed with longer FA chain length. Furthermore, the concentration of docosahexaenoic acid decreased significantly by up to 40% versus
control in three lipid classes (SM, PS and LYPC), while arachidonic acid decreased
in two lipid classes, CE and LYPC, by up to 33%. These results suggest that in utero
exposure to DEHP alters the lipid metabolome in the fetal brain, which might lead
to abnormal fetal neurodevelopment, e.g. delayed cognitive recognitions.
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VASCULAR DYSMORPHOGENESIS CAUSES
PLACENTAL INSUFFICIENCY AND MISCARRAIGE IN
ARSENIC EXPOSED MICE
J. Coffin, R. J. Greenwell, D. M. Brooks, L. G. Calderon and H. D. Beall.
Center for Enviromental Health Sciences, University of Montana, Missoula, MT.
Rationale: Arsenic (As) exposure in human populations is associated with high rates
of miscarriage. Our mouse model has revealed increased miscarriage rates in As exposed females associated with dysfunctional vasculogenesis in the placenta. The
goal of this project is to define the molecular mechanisms for how As exposure
causes miscarriage. Hypothesis: As exposure in utero alters the PLGF/VEGF regulatory pathway causing vascular dysmorphogenesis, placental insufficiency and miscarriage. Aims & Methods: 1. Determine how As exposure causes placental vascular
dysmorphogenesis. Timed-pregnant mice were exposed to sodium arsenite (As III;
20 pmm) in their drinking water until E7.5. E8.5, E10.5 and E12.5. Vascular
structure, function and expression of key endothelial cell proteins were examined.
2. Determine how As exposure alters expression of the placental PLGF/VEGF
trophic system resulting in vascular dysmorphogenesis and instability. Human microvascular endothelial cells (HMEC) were exposed to AsIII and analyzed for alterations in their toxic response elements and subsequent interactions with regulatory
pathways controlling cell death and cell proliferation. Results: AsIII exposure causes
miscarriage between E7.5 and E12.5. when the placenta becomes vascularized.
Histology shows irregularities in the placental vasculature. Expression of VWF
other endothelial cell proteins are lost in a time dependent manner between E7.5
and E12.5 representing endothelial cell dysfunction and vascular instability. As exposure in cultured HMEC revealed a loss of viability commensurate with increased
caspase and LDH expression; related to alterations in the VEGF regulatory pathway. Conclusions: These data show that As exposure causes vascular dysmorphogenesis resulting in placental insufficiency and subsequent miscarriage.
Histomorphometry and gene expression data suggest that these effects are due to a
loss of vascular trophism provided by the VEGF regulatory pathway.
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MAGNETIC RESONANCE IMAGING AS A NONINVASIVE TOOL IN DEVELOPMENTAL TOXICOLOGY:
COMBINED EFFECTS OF CADMIUM (CD) AND
PARASITE INFECTION ON AMPHIBIAN
MALFORMATIONS
J. A. Gross1, P. T. Johnson2, L. K. Prahl1, W. H. Karasov1, B. Guenther3, B.
Johnson3, C. Gaul3, R. R. Maronpot4 and K. Johnson4. 1Wildlife Ecology,
University. of Wisconsin - Madison, Madison, WI, 2Center for Limnology, University.
of Wisconsin - Madison, Madison, WI, 3MRPath Inc., Durham, NC and
4
Laboratory of Experimental Pathology, NIEHS/NIH/DHHS, Research Triangle
Park, NC.
This study explores the use of a GE 7 tesla small animal magnetic resonance (MR)
imaging system as a noninvasive method to examine the combined effects of cd and
trematode exposure on development in an amphibian model. Northern leopard
frog tadpoles were exposed beginning at Gosner stage (GS) 25 (n=300 tadpoles) to
sublethal doses of cadmium (control, 1.0, 10.0 µg/l, as CdCl2) and allowed to develop to metamorphosis. A subset of tadpoles (n=109) selected at limb bud stages of
development (GS 25-29) were individually exposed to the trematode Ribeiroia ondatrae (n=91 total cercariae per tadpole) following 14 days of Cd exposure. Prior to
imaging, the frogs were euthanized and fixed in 10% neutral buffered formalin.
Eighteen frogs (3 randomly selected from each treatment group) were scanned with
a spin echo pulse sequence to obtain two-dimensional multi-slice MR image
datasets. Each dataset had an in-plane resolution of 78 um x 78 um and a slice
thickness of 0.5 mm. Higher resolution MR images and micro X-radiography images of malformed frogs were obtained (n=3 frogs, one from each treatment group)
revealing the nature and structure of the hindlimb malformations. Amphibian livers and kidneys were segmented in the MR images using VoxStation software
(MRPath, Inc.) and the organ volumes were calculated by the Cavalieri Method.
The liver and kidneys were removed and processed for conventional histologic examination of hematoxylin and eosin-stained sections. Tadpole whole body cadmium residues at 124 exposure days were 0.7, 6.5, and 30.6 mg Cd/kg dry mass for
control, 1.0, and 10.0 µg Cd/l respectively. The noninvasive nature of MR and
micro X-ray imaging provides an alternative evaluation method in the assessment of
environmental toxicant exposure to amphibians.
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PB REGULATES MESENCHYMAL STEM CELL GENE
EXPRESSION IN A WAY THAT MAY EXPLAIN ITS
EFFECTS ON SKELETAL GROWTH
E. Puzas, L. Ma, M. J. Zuscik, E. M. Schwarz, R. N. Rosier and R. J. O’Keefe.
Department of Orthopaedics, University of Rochester School of Medicine, Rochester, NY.
Introduction: Evidence from the two most recent NHANES surveys (II and III)
has documented a reduced stature for children exposed to lead. This effect is independent of nutrition, socio-economic status and diseases. It also occurs at blood

lead levels as low as 4 ug/dl, well below the current level that is believed to be toxic
in children. Our recent in vitro data have demonstrated that lead exposure at low
levels alters the regulation of signaling pathways, gene expression and nodule formation in mesenchymal limb bud stem cells and may explain the observations of
the NHANES surveys.
Methods: Murine limb bud stem cells were isolated from stage E11.5 upper extremities by digestion with dispase. The ability of these cells to form cartilage nodules was evaluated with alcian blue staining. Gene expression for the cartilage-specific genes, Sox9, col2 and aggrecan were measured with RT-PCR. TGFbeta and
BMP signaling pathways were evaluated with specific reporter constructs for the
two factors.
Results: Lead exposure showed a dose dependent increase in chondrogenesis as evidenced by nodule formation after 3 days of treatment. Lead modulated the effects
of TGFbeta and BMP on this process by increasing TGFbeta signaling and decreasing BMP signaling. Lead also induced the expression of Sox9, col2 and aggrecan.
This is consistent with its effects on chondrogenesis.
Discusion: The pleiotropic effects of lead have now been extended to a mesenchymal stem cell model. Our interpretation of these results is that lead induces chondrogenesis in primative limb bud cells at the expense of maturation. This could lead
to disorganized and shortened long bone development and could explain the stunting of growth seen in lead-exposed children. Since this happens in embryonic derived cells, the possibility of it occurring in utero in humans is real.
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DEVELOPMENT OF CATARACT PHENOTYPE IN
ALDH1A1-/-/ALDH3A1-/- DOUBLE KNOCKOUT MICE

N. Lassen1, W. Black1, J. Kuszak2, B. Bateman3, D. Nees4, J. Piatigorsky4, G.
Duester5 and V. Vasiliou1. 1Pharmaceutical Sciences, UCHSC, Denver, Co.,
2
Ophthalmology and Pathology, Rush-Presbyterian-St. Luke’s Medical Center, Chicago,
IL, 3Ophthalmology and Pediatrics, Rocky Mountain Lions Eye Institute, Denver,
Co., 4Molecular and Developmental Biology, NIH, Bethesda, MD and
5
OncoDevelopmental Biology Program, Burnham Institute, La Jolla, CA.
Aldehyde dehydrogenase 1A1 (ALDH1A1) and aldehyde dehydrogenase 3A1
(ALDH3A1) are expressed at high concentrations in the cornea and lens of the
mammalian eye, and have therefore been classified as crystallins. Our long standing
hypothesis is that these proteins protect the eye against environmentally-induced
corneal injury and cataract formation. In order to investigate the role of these two
enzymes in the cornea and lens, we have generated Aldh1a1-/-/Aldh3a1-/- double
knockout mice by crossbreeding the Aldh1a1-/- and Aldh3a1-/- single knockouts
and studied their phenotype. Structural changes in the cornea and lens were evaluated by slit lamp biomicroscopy, microscopy, laser scanning, and scanning electron
microscopy. Aldh1a1-/-/Aldh3a1-/--deficient mice exhibited corneal abnormalities
and developed lens opacification in the anterior and posterior subcapsular regions
and punctuate opacities in the cortex. The expression of several antioxidants, aldehyde-detoxification proteins or crystallins such as transketolase, catalase, alcohol
dehydrogenase, and Cu-Zn superoxide dismutase were studied in cornea and lens
from both wild type and double mutant mice by Western blot analysis. No changes
in the expression pattern of these proteins were found in either cornea or lens of
double mutant mice compared to wild type animals. However, a significant decrease in glutathione levels (cornea or lens) was observed in mutant mice compared
to the wild type. In conclusion, we generated a double knockout mouse line that
highlights the importance of ALDH1A1 and ALDH3A1 in corneal and lens physiology and provides a valuable model to study the combined roles of these enzymes
in clinically-significant diseases of both cornea and lens. Supported by NEI
EY11490 and EY08282 Grants.
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REDUCED INCIDENCE OF VALPROIC ACID INDUCED
NEURAL TUBE DEFECTS WITH MATERNAL IMMUNE
STIMULATION

T. C. Hrubec1, 2, K. A. Toops2, M. Yang3, K. Ye3 and S. D. Holladay2.
1
Department of Biomedical Sciences, VA College of Osteopathic Medicine, Blacksburg,
VA, 2Department of Biomedical Sciences and Pathobiology, VA-MD Regional College
of Veterianry Medicine, Blacksburg, VA and 3Department of Statistics, VA Tech,
Blacksburg, VA.
Valproic acid, a drug commonly used to treat seizures and other psychiatric disorders, causes neural tube defects (NTDs) in exposed fetuses at a rate 20 times higher
than in the general population. Failure of the neural tube to close during development, results in exencephaly or anencephaly, and spina bifida. NTDs are often associated with maldevelopment of neural crest derived structures such as craniofacial
bones and features, eyes, ears and the greater vessels of the heart. In mice, non specific activation of the maternal immune system can reduce fetal abnormalities
caused by diverse etiologies, including diabetes induced NTDs and craniofacial defects. We hypothesized that nonspecific activation of the maternal immune system

with IFNγ or GM-CSF could reduce valproic acid (VA) induced defects as well.
Female ICR mice were given a nonspecific immune stimulant pre-breeding; either
IFNγ or GM-CSF. Approximately half of the control and immune stimulated pregnant females were then exposed to 500 mg/kg VA on the morning of gestational
day 8. The incidence of developmental defects was determined on gestational day
17 from at least 8 litters in each of the following treatment groups: Control, VA
only, IFNγ, IFNγ+VA, GM-CSF, GM-CSF+VA. NTDs were significantly reduced
from 18% in VA exposed fetuses to 3.7% in IFNγ+VA, and 2.9% in GM-CSF+VA
treatment groups. Ocular defects were also significantly reduced from 28.0% in VA
exposed fetuses to 9.8% in IFNγ+VA and 12.5% in GM-CSF+VA groups.
Supported by NIH, NCRR, grant # K01RR16241-01A1.
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TOWARD DEVELOPMENTAL TOXICOLOGY IN VITRO:
IMPLICATIONS OF GENE EXPRESSION RESPONSES TO
VALPROIC ACID IN EMBRYOS AND IN VITRO MODELS

M. Stigson1, K. Kultima1, M. Jergil1, B. Scholz1, H. Alm1, A. Gustafson2 and
L. Dencker1. 1Pharmaceutical Biosciences, Uppsala University, Uppsala, Sweden and
2
Safety Assessment, AstraZeneca R&D, Sodertalje, Sweden. Sponsor: K. Ramos.
In a previous microarray study we found several genes to be similarly regulated by
the teratogenic drug valproic acid (VPA) in whole NMRI mouse embryos and cultured P19 mouse embryocarcinoma cells [Kultima et al. (2004) Environ Health
Perspect 112:1225]. Even though the therapeutically relevant VPA dose administered to pregnant animals (600 mg/kg sodium valproate i.p. on gestational day 8)
induced a high incidence (~60%) of neural tube defects (NTD), we detected few
>2-fold gene expression changes in embryos 6 h post-treatment. Similar foldchanges were detected in the P19 cells at the VPA concentration used in vitro (1
mM). Here we explore the effect of increasing VPA concentrations on gene expression in P19 cells. Total RNA extracted from P19 cells cultured in the presence of 0,
1, 2.5 or 10 mM VPA for 1.5, 6, or 24 h was subjected to replicated microarray
analysis using CodeLink™ UniSet I Mouse 20K Expression Bioarrays. We found
no apparent correlation between gene expression and the decreased cell proliferation (2.5 mM and 10 mM) and viability (10mM) observed after 24h exposure.
Assisted by the >2-fold changes observed for many genes at the higher VPA concentrations, we found several hundred genes to be regulated by VPA in a concentration-dependent fashion. Among these were many genes previously associated
with NTD in mice, as well as genes known to be activated or repressed by histone
deacetylase inhibition, a primary molecular activity of VPA. In a cross-platform
comparison between the P19 cells analyzed by CodeLink and embryos analyzed
1.5, 3 or 6h post-treatment by Agilent 20K Mouse Oligo arrays, we found >300
genes to be VPA-responsive in both systems. Most notably, we detected down-regulation of the two closely related genes Marcks and Mrp, which encode cytoskeleton-related signaling proteins essential for neural tube closure. We conclude that
relevant teratogen-responsive genes may be identified by microarray analysis using
cell models.
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EFFECTS OF PERFLUOROOCTANOIC ACID (PFOA) ON
MICE EXPOSED IN UTERO AT SPECIFIC GESTATIONAL
STAGES

B. D. Abbott, C. J. Wolf, K. P. Das and C. S. Lau. RTD (MD67),
USEPA/ORD/NHEERL, Research Triangle Park, NC.
Perfluorooctanoic acid is developmentally toxic resulting in embryonic and postnatal deaths and growth retardation. Previous studies showed that dosing mice from
gestation day (GD)2-18 with 5 mg PFOA/kg body weight impacts the growth and
development of the fetus and newborns. The present study evaluates whether there
is a sensitive period during gestation critical to producing these effects. Pregnant
CD-1 mice were dosed orally with 5 mg PFOA/kg body weight on either GD8-18,
11-18, 14-18, or 16-18. Litter size was adjusted to 10 and pups were weighed on
postnatal days (PND) 1, 2, 3, 4, 7, 10, 14, 17, 22, and 43. At weaning the dam and
one pup of each sex per litter were killed, liver was weighed and uterine implantation sites counted. Weight gain during pregnancy was not altered by PFOA.
Liver/body weight ratios were significantly increased, but the numbers of implantation sites, live pups at birth, % dead per litter, and survival from PND1-22 were
not significantly affected. A trend for decreasing birth weight with increasing exposure duration was significant for male pups. Male birth weights were significantly
reduced by exposure on GD8-18 and 11-18. By PND4, all groups had significantly
decreased pup weights that persisted to weaning. After weaning, males exposed on
GD8-18 or 11-18 had significantly reduced body weights on PND43, but females
were similar to controls. The effects of PFOA on weight gain may be due to exposure of particular developmental stages, but interpretation is confounded by the different total doses in each group. Exposure earlier in gestation (and thus to a greater
total dose) was associated with more severe growth reduction at earlier ages that
persisted post-weaning. Exposure limited to late gestation did not affect birth
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weights, but by PND4 growth was reduced. However, exposure early in development (GD2-7) was not required to reduce body weight. In conclusion, PFOA affects in utero and postnatal growth and exposure during late gestation may be sufficient for this response. This abstract does not necessarily reflect U.S. EPA policy.
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CROSS-FOSTER STUDY OF THE DEVELOPMENTAL
EFFECTS OF PFOA

C. J. Wolf, J. R. Thibodeaux, C. Lau and B. D. Abbott. Reproductive Toxicology
Division, USEPA/NHEERL/ORD, Research Triangle Park, NC.
Perflourooctanoic acid (PFOA), a commercial surfactant, has recently been found
in wildlife and human blood. Exposure of pregnant rats and mice to PFOA results
in low body weight and poor survival of pups. However, it has not been determined
whether the reduction in weight and survival requires exposure in utero, during lactation, or both. This study uses a cross-foster design to address the contribution of
each exposure time period on development and survival. Pregnant CD-1 mice were
exposed on gestational day (GD) 2–18 to vehicle (water, control), 3 mg PFOA/kg
or 5 mg PFOA/kg. Number and weights of pups at birth were recorded and on
postnatal day (PND)1 pups were fostered to give pups exposure in utero only (U),
lactationally only (L) or both in utero and lactationally (UL). These groups are referred to as control, 3U, 3L, 3UL, 5U, 5L, and 5UL. Foster litters had 10 pups (5
male, 5 female). Pups were weighed on PND1, 2, 3, 4, 7, 10, 14, 17 and 22 (weaning). Dams were killed at weaning and uterine implants counted. Maternal weight
gain through GD18 and number of uterine implantation sites did not differ between groups. However, litter size (p< 0.05) and pup weight at birth (p< 0.01) was
reduced with exposure to 5 mg/kg, with significant whole litter loss. Foster litter
survival was reduced in the 5UL group (p< 0.0001) by PD4 and decreased in this
group to 65% of control by PND14. Foster pup weight on PND1 was reduced in
the 5U, 5UL and 3UL groups (p< 0.0001, p< 0.0001, p< 0.05). By PD4 and
through PD22, pup weight gain was compromised in all groups except 3L, but was
more affected in groups exposed in utero compared to groups exposed during lactation (UL>U>L). Our study reveals that in utero exposure to 5 mg/kg PFOA is
detrimental to neonatal survival and development. The cross-foster design demonstrated that in utero exposure provides the major contribution to the adverse effects
of PFOA and that lactational exposure may be a minor contributor to these outcomes. This abstract does not necessarily reflect USEPA policy.
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CATALASE FROM A FUNGAL MICROBIAL PESTICIDE
INDUCES A UNIQUE IGE RESPONSE

M. D. Ward1, L. B. Copeland1, M. J. Donohue2, Y. Chung1, J. A. Shoemaker2
and S. J. Vesper2. 1NHEERL, USEPA, Research Triangle Park, NC and 2NERL,
USEPA, Cincinnati, OH.
BALB/c mice exposed by involuntary aspiration to Metarhizium anisopliae extract
(MACA), a microbial pesticide, have shown responses characteristic of human allergic lung disease/asthma. IgE-binding proteins have been identified in MACA by
Western blot analysis, 2-dimensional (2-D) gel electrophoresis, mass spectrometric
analysis, and database searches: the peptide sequences from several protein spots
were homologous to the enzyme catalase. Catalases are reactive oxygen species-neutralizing enzymes that are ubiquitous in nature. The objective of this study was to
investigate whether MACA associated catalase is antigenically similar to catalases
from different sources. Western blots of commercial preparations of bovine liver
catalase, Aspergillus catalase, Mold Mix 1 and Mold Mix 2 (Greer Laboratories),
which are used in human skin prick testing, and MACA were probed with
Aspergillus catalase B specific polyclonal antiserum and anti-IgG. Aspergillus as
well as bovine liver catalase, MACA, and Mold Mix 1 reacted with this antiserum.
Mold Mix 2 did not. Thus, with respect to IgG MACA catalase appears to cross
react with Aspergillus, bovine, and mold mix 1 catalase. However, when these same
preparations were probed with MACA hyperimmune serum and anti-IgE, only
binding to MACA was demonstrated. This data suggests that many catalases have
some sequence as well as functional homology and that the IgG inducing epitopes
may fall into these homologous regions. However, the ability to induce an IgE response may involve sequences/epitopes unique to a given source of the enzyme.
(This abstract does not reflect EPA policy).
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MODULATION OF ALLERGIC ASTHMA BY OAK DUST
EXPOSURE IN MICE

K. Savolainen1, J. Maatta1, M. Lehto1, M. Leino1, S. Tillander1, R.
Haapakoski1, H. Wolff2 and H. Alenius1. 1Industrial Hygiene and Toxicology,
Finnish Institute of Occupational Health, Helsinki, Finland and 2Occupational
Medicine, Finnish Institute of Occupational Health, Helsinki, Finland.
Repeated airway exposure to wood dust has been reported to cause adverse respiratory effects such as asthma and chronic bronchitis. In the present study, we examined how repeated exposure to oak dust modulated allergic inflammation in oval-
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bumin-sensitized, asthmatic mice. Allergic and non-allergic BALB/c mice were exposed to intranasally administered oak dust twice a week for three weeks. Oak dust
exposure elicited in allergic mice upregulated infiltration of lymphocytes into the
lungs. In contrast, oak dust-induced neutrophil infiltration was significantly weaker
in allergic mice as compared with non-allergic control mice. Oak dust exposure
elicited also upregulated expression of proinflammatory cytokine TNF-α mRNA in
the lung tissue both in allergic and in normal mice, whereas expression of Th2 cytokine IL-13 was significantly down-regulated in allergic mice. Interestingly, expression of Th2-type chemokine CCL17 mRNA was significantly upregulated in
normal mice but significantly down-regulated in allergic mice after oak dust exposure. Finally, oak dust exposure suppressed significantly allergen-induced airway reactivity to inhaled methacholine. Present results suggest that repeated exposure to
oak dust may influence significantly to the development and maintenance allergic
asthma. Supported by European Union 5th Research Framework Programme
Grant QLK4-2000-0573.
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EXPOSURE IS THE PROOF OF THE PUDDING:
OXAZOLONE IS A POTENTIAL RESPIRATORY
ALLERGEN

C. Mommers, J. Arts, M. Schijf and F. Kuper. TNO Quality of Life, Zeist,
Netherlands. Sponsor: V. Feron.
Oxazolone (OXA) is a potent contact allergen in man, but has the potential to induce elevated serum IgE levels and Thelper2 cytokines at relatively low doses in test
animals. This suggests that it has also respiratory allergenic potential. In the present
study, dermal application was used as induction route for respiratory sensitization
and inhalation exposure was used as the elicitation route. Female Brown Norway
rats (BN) were sensitized by two or five dermal applications of OXA at the same
total dose. The respiratory allergen trimellitic anhydride (TMA) was used as positive control. Controls received vehicle. All animals were challenged by inhalation to
a slightly irritating concentration of OXA on day 21 and lung function was assessed
before, during, shortly and 24 h after challenge. At necropsy on day 22, blood was
sampled, bronchoalveolar lavage was performed and the respiratory tract was collected. Increases in total serum IgE were seen at both 2- and 5-times application.
Changes in lung function in sensitized animals included a decrease in breathing frequency and apnoeic breathing during challenge, comparable to that observed in animals sensitized and challenged with TMA. Apnoeic breathing is considered to be a
hallmark of IgE-dependent respiratory allergy in rats and mice. Pulmonary reactions consisted of increases in the number of macrophages, and increases in LDH
and total protein in bronchoalveolar lavage fluid. Effects were generally larger in 2times sensitized rats than those in 5-times sensitized rats; increased lung weights
were observed in 2-times sensitized and challenged rats only. These experimental results indicate that OXA is a potential respiratory allergen, and at least of comparable potency as TMA. The lack of human data on the respiratory allergenic potential
of OXA is probably due to lack of inhalation exposure. It is concluded that even
strong contact allergens such as OXA may also be potent respiratory allergens, provided that such compounds are inhaled.
This research is funded by the Dutch Ministry of SZW and CEFIC-LRI (Brussels,
Belgium).
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CYTOKINE RESPONSES TO DERMAL ISOCYANATE
EXPOSURE IN DRAINING LYMPH NODES ARE NOT
PREDICTIVE OF AIRWAY RESPONSES AFTER AIRWAY
CHALLENGE

A. K. Farraj, E. H. Boykin, N. Haykal-Coates, S. H. Gavett and M. K. Selgrade.
Experimental Toxicology Division, USEPA, Research Triangle Park, NC.
Exposure to low molecular weight chemicals including isocyanates has been linked
to occupational asthma. A strong need exists for the rapid and accurate identification of chemical respiratory sensitizers. Recently, some investigators have proposed
that chemicals may be identified as respiratory sensitizers if they elicit a Th2 cytokine response in lymph nodes draining the site of dermal application in mice,
without examining respiratory responses. The main purpose of this study was to determine if the cytokine profile induced after dermal sensitization with isocyanates
in draining lymph nodes predicts the respiratory hypersensitivity responses after intranasal challenge. Dermal application of toluene diisocyanate (TDI), methylene
diisocyanate (MDI), or hexylmethane diisocyanate (HMDI) resulted in an increase
in the secretion of the Th2 cytokines interleukin(IL)-4 and IL-5 from excised draining lymph node cells. Dermal application of isophorone diisocyanate (IPDI) resulted in an increase in IL-4, but not IL-5. Dermal application of tolyl(mono) isocyanate (TMI), tetramethylene xylene diisocyanate (TMXDI) or the contact
sensitizer dinitrochlorobenzene (DNCB), an inducer of Th1 cytokines, did not induce increases in any of the Th2 cytokines. Both DNCB and TDI induced an increase in the Th1 cytokine interferon-γ. DNCB and all the isocyanates except
TMXDI caused an increase in immediate airway hypersensitivity after dermal sen-

sitization and intranasal challenge compared to corresponding non-sensitized mice.
Only TMI or HMDI sensitized and challenged mice, however, had increases in
methacholine-induced airflow obstruction. While the cytokine response is predictive of the airway response to HMDI, TMXDI or DNCB, it is not predictive of the
airway response to MDI, TMI, IPDI, or TDI. The data suggest that cytokine responses at the site of dermal exposure to a chemical respiratory sensitizer may not
be predictive of the airway response after airway challenge (This abstract does not
reflect EPA policy).

375

INITIAL INTERACTIONS OF ALLERGENS WITH
AIRWAY EPITHELIAL CELLS: ANY ROLE IN THE
INDUCTION OF TYPE I ALLERGY?

M. Baccam1, N. Soni2, L. Fridthjof2, N. Berg2, K. Sarlo1 and E. Roggen2.
1
Miami Valley Laboratories, Procter & Gamble Company, Cincinnati, OH and
2
Novozymes, Bagsvaerd, Denmark.
Type I respiratory allergy is a Th2 dominated immune response to a protein allergen with development of allergen-specific IgE. One of the first cell types to come in
contact with the allergen is the airway epithelial cell. The initial interaction of allergen with host cells may be crucial in determining whether a Th2-dominated (vs
Th1-dominated) immune response will occur. In this study we examined the interactions of known type 1 allergens with the human airway type II-like bronchial epithelial cell line A549. A549 cells are grown on membrane filters such that the apical surface is exposed to air and the basal side is exposed to liquid medium
(Novozymes design). The air/liquid interface system allows for better dosing of protein to the cells as compared to cells grown submerged in liquid medium. Culturing
A549 cells with detergent enzyme protease allergens (Alcalase®, Savinase®,
BPN’Y217L), amylase allergens (Fungamyl®, Termamyl®) or house dust mite
rDer P 1 induced secretion of the pro-inflammatory cytokines IL-8 and MCP-1
while a non/poor-allergenic protein (bovine serum albumin, BSA) did not. IL-6
and GM-CSF proteins were not detected in the supernatants of allergen-stimulated
A549 cells but this may be due to sensitivity to degradation by the detergent enzymes. Initial experiments using Luminex cytokine bead analysis of Alcalase-exposed A549 cells showed specific secretion of IL-1ra, IL-7, and IL-15 that was not
induced by BSA. Incubation of A549 cells with the allergens was not cytotoxic as
measured by Alamar Blue®. Reflective microscopy showed no change to the cell
layer following exposure to enzyme. These allergens also consistently induced the
secretion of M-CSF which has not been reported to be involved in type I allergy but
may provide additional information on the mechanism of induction of the Th2 response. Additional cytokines/chemokines and other proteins are being tested.
Whether the response of A549 cells can be used to screen proteins as potential allergens remains to be determined.
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IN VITRO CHARACTERIZATION OF DENDRITIC CELL
(DC) RESPONSES TO A CHEMICAL ALLERGEN AND A
SKIN IRRITANT

C. Portsmouth1, M. Cumberbatch1, C. Schramm1, R. J. Dearman1, G.
Maxwell2, C. Westmoreland2, D. A. Basketter2 and I. Kimber1. 1Immunology,
Syngenta CTL, Macclesfield, United Kingdom and 2SEAC, Unilever, Bedford, United
Kingdom.
DC are key cells in the initiation of immune and allergic responses. Methods have
been developed recently for the generation of these cells in culture from precursors.
In the present series of experiments, mouse bone marrow derived DC were cultured
for 24h with the chemical allergen dinitrobenzene sulfonic acid (DNBS; 0.1, 0.5
and 1mM), or with the non-sensitizing skin irritant benzene sulfonic acid (BS; 10,
50 and 100mM). Treatment with both chemicals was associated with a dose-dependent increase in cell death, determined by dual staining for annexin V/propidium iodide (PI), with a 90% loss of cell viability observed at 1mM DNBS and
100mM BS. However, whereas 1mM DNBS induced 5-fold more late (annexin
V+/PI+) apoptotic cells than early (annexin V+/PI-) apoptotic cells, the converse
was observed for 100mM BS with a 2-fold increase in early:late apoptotic cells.
Flow cytometric analyses of DC for the maturation markers MHC class II (Ia),
CD80, CD86, CD40 and CD54 revealed that exposure of DC only to DNBS at
sub-toxic doses (0.5mM; 25% decline in cell viability) caused increased expression
of Ia, CD80 and CD86. BS failed to cause DC maturation at any dose tested despite similar decreases in cell viability. Analysis of culture supernatants by cytokine
array for interleukin (IL)-1α, 1β, 2, 6, 10, 12p40, 12p70, 17 and tumor necrosis
factor α (TNF-α) revealed only modest changes in cytokine secretion associated
with chemical treatment. However, co-culture with suboptimal doses of the known
DC activators PAM3CSK4 (toll-like receptor [TLR] ligand 1/2) and macrophageactivating lipopeptide 2 (TLR 6/2), together with lower doses of BS, resulted in enhanced secretion of the proinflammatory cytokines IL-1α, IL-6 and TNF-α. No
such synergy was observed for DNBS. These experiments suggest that chemical al-

lergens and skin irritants interact differently with DC and raise the possibility that
such differences may be exploited for the development of in vitro skin sensitization
assays.
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THE REDUCED LLNA AS A HAZARD IDENTIFICATION
SCREEN FOR SKIN SENSITISATION
D. A. Basketter1, G. Patlewicz2, F. Gerberick3, C. Ryan3, P. Kern4, R.
Dearman5 and I. Kimber5. 1SEAC, Unilever, Sharnbrook, United Kingdom,
2
European Chemicals Bureau, Ispra, Italy, 3P&G, Cincinnati, OH, 4P&G, Brussels,
Belgium and 5Syngenta CTL, Macclesfield, United Kingdom.
For the identification of potential skin sensitising substances, the local lymph node
assay (LLNA) has, for many years, been accepted as a full replacement for guinea
pig methods. In part this was due to the scientific advantages provided by the
LLNA, but also due to the significant animal welfare benefits this method offers.
However, the desire to reduce further animal usage is in conflict with the need to
complete toxicological evaluations of approximately 30,000 chemicals under new
European legislation (REACH: Registration, Evaluation and Authorisation of
Chemicals). Consequently, we have conducted a retrospective evaluation of a recently published LLNA dataset comprising 211 chemicals. The work addressed
whether it is possible to obtain a satisfactory identification of skin sensitisation hazard using only a comparison of the top dose group with the concurrent vehicle
treated control. In these analyses, negative results (ie non-sensitisers) were not accepted if the top dose group was treated with <10% of the test chemical. The results
indicated that this reduced LLNA would have provided about 99% accuracy of
identification of sensitisers and non-sensitisers: 166 of 168 sensitisers were correctly
identified, as were all non-sensitizers (42/42). Only one chemical was tested below
10% and, being negative, had a result which was regarded for these purposes as invalid. Thus, overall, the reduced LLNA gave 208/210 predictions that were identical to the full assay; in only instance was the interpretation inconclusive due to the
use of a low test concentration. In our view, it would be possible, for certain specific
purposes, and in some circumstances, to consider the utility of a reduced LLNA as
a contribution to a reduced requirement for animal numbers.
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EVALUATION OF THE PERFORMANCE OF
CANDIDATE GENES FOR PREDICTING SKIN
SENSITIZATION POTENTIAL
L. Gildea1, C. A. Ryan1, L. Foertsch1, J. Kennedy1, R. Dearman2, I. Kimber2
and G. Gerberick1. 1Procter & Gamble Company, Cincinnati, OH and 2Syngenta
Central Toxicology Laboratory, Macclesfield, United Kingdom.
Previously we analyzed by real-time PCR analysis 60 candidate genes identified
from microarray transcript profiling studies for their potential to serve as markers
for the prediction of contact allergy. Twenty-nine of the 60 genes were found to display sensitivity and selectivity when analyzed with 3 strong allergens, 1 irritant, and
1 non-senstizer and thus were analyzed comprehensively using a training set of
chemicals (n=20) that included multiple allergens, irritants, and non-sensitizers.
Therefore, to prioritize the 29 genes of interest with respect to their robustness and
selectivity the genes were scored according to their expression level induced by additional allergens and irritants. Scoring of fold-changes was made by determining a
positive response for a gene in all chemicals tested and the number of chemicals
tested per gene. A positive response was defined as being greater than a 2.0 fold
change in the direction identified originally in the initial DNBS microarray experiment at one of the doses tested. In addition, a gene was scored positive regardless of
the number of times it registered a positive in any experiment tested with that particular chemical and the number of times that a particular gene was tested and registered as positive or negative for a chemical was also included. Several of the analyzed genes have emerged as better predictors of DC activation and we have
denoted the top 10 genes that display the most promise based on our selection criteria of fold-change levels induced in individual experiments and the scoring results
and thus show potential for use in the development of an in vitro assay for skin sensitization testing. Validation of these genes with an expanded test set of chemicals is
required and will be conducted with a fluorescent microsphere-based high throughput screening (HTS) method.
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USE OF A MULTIDISCIPLINARY APPROACH THAT
IDENTIFIED PHENOLIC DERMAL SENSITIZERS IN A
WOUND CLOSURE TAPE
L. P. Myers1, B. F. Law1, A. Fedorowicz1, G. Sussman2, P. D. Siegel1, B. J.
Meade1 and D. Beezhold1. 1National Institute for Occupational Safety and Health,
Morgantown, WV and 2Department of Medicine, University of Toronto, Toronto, ON,
Canada.
A latex allergic patient exhibited a severe local reaction to a non-latex wound closure tape following surgery. A tape sample was extracted in acetonitrile (10 ml/g)
and analyzed by GC-EI-MS (Gas Chromatograph-Electron Impact-Mass
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Spectrometry) in the total ion monitoring mode. Components were identified by
their ion mass fingerprint and elution at the same time as a corresponding standard
from the GC column. The chemicals identified were 5-tert-butyl-4-hydroxy-2methylphenyl sulfide (TBHMS), 2-tert-butyl-5-methyl-phenol (TBMP), 2,4-ditert-butylphenol (DTBP), and erucamide (EA). Potential for sensitization for these
chemicals was evaluated using two quantitative structure-activity relationship
(QSAR) programs. The potential for TBHMS (the most potent sensitizer) to be a
sensitizer was predicted by both DEREK for Windows and TOPKAT 6.1. The potential for TBMP and DTBP to induce sensitization was predicted by DEREK for
Windows but not TOPKAT. These three phenolic chemicals were then tested for
their sensitization potential using a modified local lymph node assay (LLNA). With
the exception of TBMP (highest concentration 12.5% due to toxicity) test articles
were evaluated at 50%, 25% and 12.5%. None of the animals exhibited body
weight loss or skin irritation. LLNA analysis of the chemicals identified
TBHMS>TBMP>DTBP as potential sensitizers with EC3 values of 0.2, 4.5, and
6.8 respectively. Following a clinical observation, these studies used a multidisciplinary approach combining GC-EI-MS to identify chemical components, QSAR to
prioritize chemicals for animal testing, and the LLNA to determine the sensitization potential of chemicals in the product. Human patch testing will be conducted
to confirm these findings. These studies were supported in part by IAG# NIEHS
Y1-ES0001-06.

380

MODE OF ACTION AND THE INHALATION
CARCINOGENICITY OF NAPHTHALENE

L. Flowers1, C. Keshava1 and P. McClure2. 1NCEA, USEPA, Washington, DC, DC
and 2Environmental Science Center, Syracuse Research Corporation, Syracuse, NY.
The inhalation carcinogenicity of naphthalene is under evaluation by U.S. EPA’s
Integrated Risk Information System (IRIS) Program. Naphthalene is used as a
moth repellant and toilet bowl deodorizer and is a constituent of polycyclic aromatic hydrocarbon mixtures, particulate organic matter, jet fuels and fossil fuels. In
a two-year inhalation rat bioassay conducted by the National Toxicology Program
(NTP, 2000), statistically significant increases in the incidences of two rare nasal tumors, olfactory neuroblastomas in male and female rats and adenomas of the respiratory epithelium in male rats, were observed. Increased incidences of lung adenomas and carcinomas were observed in female mice (NTP, 1992). The mode of
action (MOA) of naphthalene carcinogenicity may involve metabolic intermediates, including naphthalene-1,2-oxide, 1,2-naphthoquinone, and 1,4-naphthoquinone, which may damage tissue macromolecules either directly by their inherent
electrophilicity or by the generation of reactive oxygen species. Naphthalene has
produced negative results in most genotoxicity and mutagenicity tests; however, the
role of genotoxicity in the MOA has not been characterized in target tissues. In addition, an understanding of the MOA is inadequate for determining why rats, but
not mice, develop tumors originating in nasal tissues even though both species
show nonneoplastic lesions in nasal epithelial tissues. According to EPA’s
Guidelines for Carcinogen Risk Assessment (U.S. EPA, 2005), data on the MOA of
naphthalene carcinogenicity are lacking. U.S. EPA held a peer consultation workshop in April 2005 to discuss further research to characterize naphthalene’s carcinogenic MOA. (The views expressed are those of the authors and do not necessarily
reflect the views or policies of the U.S. EPA).
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AGE RELATED DIFFERENCES IN SUSCEPTIBILITY TO
CARCINOGENESIS—A PRELIMINARY CLASSIFICATION
OF NON-MUTAGENIC MODES OF ACTION TO
STRUCTURE QUANTITATIVE ANALYSIS OF BIOASSAY
DATA

D. Hattis1, M. Chu2, P. Verma1, N. Rahmioglu1 and R. Goble1. 1George Perkins
Marsh Institute, Clark University, Arlington, MA and 2National Center for
Environmental Assessment, USEPA, Washington, DC.
Previous work analyzed age-related differences in carcinogenic susceptibility for
chemicals with a mutagenic mode of action. This work sets the stage for similar
analyses for non-mutagenic modes of action. These are diverse, with potentially different implications for age-related differences in sensitivity. We therefore believe it
is important to have a biologically-based classification to reveal such differences if
they are present in the data. Our emerging system is structured around the classic
initiation-promotion-progression framework for carcinogenesis:
(1) Pre-initiator or co-initiator modes of actions [e.g. induction of enzymes that activate parent chemicals to more DNA reactive forms (e.g. ethanol induction of
CYP2E1, increasing susceptibility to vinyl chloride), inhibition of DNA repair attributed to a number of metallic ions, and expansion of the numbers of potential
target stem cells that are susceptible to transformation].
(2) Promoter modes of action (e.g. increases in the replication rate or decreases in
the death/differentiation rate of initiated cells).
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(3) Progressor modes of action, (e.g. facilitation of the growth/spread of fully transformed cells; inhibition of growth repression; or impairment of immune surveillance).
Theory suggests early-life relative susceptibility for the first of these groups, and
late-life relative susceptibility for the third. The discussion will cover details of the
modes of action within each group, and experimental approaches to practically distinguish among the groups for specific non-mutagenic agents. We recognize that
the limited number of agents with good early-life data, and chemical to chemical
differences, may limit the applicability of grouped analyses.
Acknowledgement: The work reported here is sponsored by the U.S.
Environmental Protection Agency. However, opinions expressed are those of the
authors and do not necessarily reflect Agency policy.
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APPROACHES FOR DERIVING RELATIVE
CARCINOGENIC POTENCY FACTORS FOR
POLYCYCLIC AROMATIC HYDROCARBONS (PAHS)

P. R. McClure1, J. Benedict2, H. Carlson-Lynch1, M. Gelhaus2, C. Keshava2, J.
Stickney1 and L. Flowers2. 1Syracuse Research Corporation, Syracuse, NY and
2
National Center for Environmental Assessment, USEPA, Washington, DC.
U.S. EPA’s Integrated Risk Information System (IRIS) Program is undertaking a
health assessment for PAH mixtures that considers three approaches (i.e., comparative potency, surrogate mixture, and relative potency factor) for estimating cancer
risk. The relative potency factor (RPF) approach provides a cancer risk estimate for
the PAH mixture by summing the carcinogenic potential of the individual PAHs
relative to an index compound (e.g., benzo[a]pyrene [BaP]). This approach has
been developed for seven individual PAHs in the Provisional Guidance for
Quantitative Risk Assessment of PAHs (U.S. EPA, 1993) and is utilized extensively
within U.S. EPA program offices and other regulatory agencies; however, this guidance does not reflect the most recent research, nor does it consider additional PAHs
with carcinogenic potential (e.g., fjord-region PAHs). Approaches to RPF development are being evaluated based on current data. A thorough literature search identified in vivo cancer bioassays and both in vivo and in vitro assays of cancer-related
endpoints (e.g., mutagenicity, clastogenicity, malignant transformation, and DNA
adduct formation) for 74 PAHs. Dose-response information was extracted from
studies in which at least one PAH was studied in addition to BaP, resulting in data
for one or more endpoints for 49 PAHs. Several options for deriving a single RPF
value for individual PAHs with multiple-endpoint datasets are being considered.
One approach uses a framework in which RPFs from studies of greatest relevance
and quality are preferred over RPFs from studies with quality concerns or those
from endpoints with less certain links to tumor formation. Other approaches utilizing statistical based observations are also under consideration. (The views expressed
are those of the authors and do not necessarily reflect the views or policies of the
U.S. EPA).
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DETERMINATION OF THE MAGNITUDE OF
INTRASPECIES DIFFERENCES IN RED BLOOD CELL
CHOLINESTERASE INHIBITION IN RESPONSE TO
DICHLORVOS EXPOSURE

L. M. Plunkett1, T. B. Starr2, S. H. Youngren3, J. A. MacGregor4 and A.
Manley5. 1Integrative Biostrategies LLC, Houston, TX, 2TBS Associates, Raleigh, NC,
3
The Acta Group, Washington, DC, 4Toxicology Consulting Services, Arnold, MD
and 5Amvac Chemical Corporation, Newport Beach, CA.
Uncertainty factors are used in non-cancer risk assessments to account for potential
inter- and intra-species sensitivity differences in response to chemical exposure,
with a default 10-fold value for each. In the case of pesticides, an additional childspecific factor may be added to account for the potentially increased sensitivity of
children. In the case of one pesticide, dichlorvos (DDVP), there is a large body of
relevant human data, much of it from clinical studies examining potential pharmaceutical applications, that can be used to address these extrapolation issues.
Published medical and toxicological literature and unpublished data generated in
support of product registrations were reviewed, appropriate studies with useful
dose-response information were identified, and selected data were analyzed to assess
dichlorvos-specific intraspecies sensitivity differences. The critical effect identified
as the response indicator was red blood cell (RBC) cholinesterase inhibition. Levels
of inhibition (expressed as percent of normal RBC cholinesterase activity) were
identified and plotted versus the dose and duration of exposure producing that effect. The data demonstrated that the DDVP doses producing specific levels of inhibition in various subpopulations of humans are virtually identical to those that
elicit the same inhibition levels in healthy adults. There is thus no apparent difference in the extent of RBC cholinesterase inhibition following DDVP exposure that
can be attributed to gender, age or certain disease states. The data indicate that the
intraspecies uncertainty factor should be reduced to below 10 when RBC
cholinesterase is the endpoint of concern.
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RISK ASSESSMENT OF HALOGENATED PHENOLIC
COMPOUNDS AND SOME BROMINATED FLAME
RETARDANTS

C. Buitenhuis1, A. Bergman2, A. Gutleb1, H. Lilienthal3, L. Hagmar4, C.
Regan5, P. Sauer6, I. Brandt7, J. Legler1 and A. Brouwer1. 1Vrije University,
Amsterdam, Netherlands, 2Stockholm University, Stockholm, Sweden, 3BGFA,
Klinische Arbeitsmedizin, Bochum, Germany, 4Lund University, Lund, Sweden,
5
National University of Ireland, Dublin, Ireland, 6State University Groningen,
Groningen, Netherlands and 7Uppsala University, Uppsala, Sweden.
The potential health risks of exposure to halogenated phenolic compounds (HPCs),
like hydroxy PCBs and PCP as well as some brominated flame retardants, polybrominated biphenyl ether 47 (PBDE 47), 2,4,6- tribromophenol (2,4,6 TBP) and
Tetrabromobisphenol A (TBBPA), were assessed in the EU funded project COMPARE. The selected HPCs; 4-OH-CB 107, 4-OH-CB-187, PBDE 47 and its
metabolite 6-OH-BDE-47; 2,4,6 TBP and TBBPA were analyzed in human blood
as well as in blood from a two- generation hazard identification study in laboratory
rats. Clinical-epidemiological studies revealed no association between HPC exposure and the investigated endpoints; bone fracture incidence, bone mineral density
changes and endometriosis. Although preliminary, weak associations were found
between HPC exposure in mothers and some neurological development parameters
in children. In the offspring in the hazard identification study no overt toxicity was
observed after treatment with the selected HPCs. However, several of the HPCs induced at low dose subtle alterations in e.g, estrous cycle and some neurobehavioral
parameters in rat offspring at PND 180 and PND 90 respectively. Comparison of
the blood levels of HPCs associated with LOAELs of the effects observed in rat offspring with blood HPC levels in human individuals indicate that there is only a
small margin of safety for the hydroxylated PCBs while the margin of safety for the
BFRs tested seems to be sufficient to warrant that there is at present no additional
health risk for humans at current background levels in European countries. This
work has been supported by the EU, contract no. QLK4 2000-00261.
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IARC MONOGRAPHS: THE NEW PREAMBLE

V. J. Cogliano, R. Baan, K. Straif, Y. Grosse, B. Secretan and F. El Ghissassi.
International Agency for Research on Cancer, Lyon, France. Sponsor: C. Portier.
During 2005 the International Agency for Research on Cancer (IARC) amended
the Preamble to the IARC Monographs. The IARC Monographs are a series of expert consensus reports that since 1971 has evaluated 900 agents and identified 400
known or potential causes of human cancer. The Preamble describes the principles
and procedures used in developing IARC Monographs, including the scientific criteria that guide the evaluations. The Preamble had been amended previously in
1991, and since that time there has been new understanding of mechanisms of carcinogenesis. In addition, the procedures used by public health agencies to assess occupational and environmental hazards have evolved.
The amended Preamble formalizes and publishes the procedures that IARC uses to
avoid conflicts of interests. Scientists with a real or apparent conflict cannot serve as
chair, write text that discusses cancer data, or participate in the evaluations. The
amended Preamble also describes how IARC ensures that Working Groups are free
from interference. It is unacceptable to contact meeting participants before a meeting or to lobby them at any time. To monitor this, IARC asks participants during
each meeting to report all such attempts at interference.
Scientifically, the amended Preamble encourages fuller consideration of molecular
epidemiological data and studies of mechanisms of carcinogenesis. Robust molecular or mechanistic data can be used either to strengthen a conclusion that animal
studies support a human hazard or to conclude that the mechanisms in experimental animals do not operate in humans. The Preamble also encourages the use of molecular and mechanistic information to identify susceptible populations and
lifestages.
Future Monographs will include an integration section to discuss the reasoning
that supports a Working Group’s conclusions. This new section can also present alternative scientific positions when a Working Group tried but could not reach consensus. In this way, the amended Preamble encourages a more comprehensive presentation of the scientific data and the resulting evaluation.
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INCORPORATING GENETIC SUSCEPTIBILITY DATA IN
STANDARD-SETTING FOR AIR POLLUTANTS

isting data on genetic susceptibility to air pollutants such as ozone and particulate
matter, the presentation will address the evidentiary, policy and legal issues that will
need to be addressed before genetic susceptibility data can be used to establish environmental regulations. Specifically, drawing on existing EPA regulatory precedents
and judicial opinions, the presentation will address the type, number, results and
consistency of studies needed to support a regulatory decision based on genetic susceptibilities, and then will describe how such data could affect the level and form of
air quality standards. The results of this analysis is that genetic susceptibility data
could profoundly undermine the current approach for setting air quality standards,
a may necessitate a revised approach to setting such standards.
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TRIETHYL PHOSPHATE, TRIPROPYL PHOSPHATE, AND
TRIBUTYL PHOSPHATE: ORAL RISK ASSESSMENT AND
CLASS BASED EVALUATION LEVEL

N. Berdasco and D. I. McCready. Toxicology and Environmental Research and
Consulting, The Dow Chemical Company, Midland, MI.
A toxicological evaluation was conducted for a group of unregulated chemicals (triethyl phosphate, tripropyl phosphate, and tributyl phosphate) in drinking water, as
potential extractants from one or more drinking water system components evaluated under NSF/ANSI 61 (2004), or as potential contaminants in drinking water
treatment chemicals evaluated under NSF/ANSI 60 (2004). Data for trimethyl
phosphate were also included for purposes of comparison, although the toxicity
profile for this chemical was significantly different from other chemicals within the
category. Both non-cancer and cancer endpoints were considered, and risk assessment methodology developed by the U.S. Environmental Protection Agency
(U.S.EPA) was used to determine a class-based evaluation level (CBEL). This level
was used to project a total allowable concentration (TAC) in drinking water which
was considered adequately protective of human health. The critical study was determined to be a chronic oncogenicity study conducted on tributyl phosphate, with a
NOAEL of 9 mg/kg-day. The critical effect, combined incidence of bladder papilloma/transitional cell carcinoma, was supported by previous subchronic studies and
mechanistic studies indicating the mode of action for the tumors was likely non-genetic in nature. The lack of genetic toxicity demonstrated by tributyl phosphate
also supported this conclusion. The study used a margin of exposure with the
Benchmark Dose Level as the effect approach and the total margin as 90X. Thus,
the calculated exposure was 900 ppb, which significantly exceeds the current default TAC value of 10 ppb.

388

CHILDREN’S PESTICIDE EXPOSURE STUDIES: WHERE
DO WE GO FROM “CHEERS”?

R. A. Fenske. Environmmental Health, University of Washington, Seattle, WA.
Sponsor: T. Kavanagh.
A major Environmental Protection Agency research study, “Children’s Health
Environmental Exposure Research Study” (CHEERS), was cancelled in the spring
of 2005 due to ethical concerns. An independent panel created to review the
CHEERS study was also cancelled. This presentation will evaluate the scientific validity and ethical quality of pesticide exposure studies involving children that have
been conducted over the past ten years. These studies have been examined in terms
of purpose, sample size, methods, subject inducements, and environmental justice
concerns. The principal findings of this analysis are as follows: 1) the purpose of the
study is a critical component of ethical quality; studies of this nature should provide
evidence that they will lead to improvements in the health of the study population,
and in the public health in general; 2) studies that involve minority or low-income
populations should pay special attention to the impact of inducements on participants; 3) explicit criteria should be developed to determine when observed exposures present a potential health risk to the participants, and an intervention plan to
reduce exposures should be in place prior to the initiation of the study. The presentation will conclude with recommended guidelines for the conduct of future pesticide exposure studies that involve children.
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EFFECTS OF 3 WEEK EXPOSURES TO METAM SODIUM
ON REPRODUCTIVE FUNCTION IN THE FEMALE RAT

G. E. Marchant. College of Law, Arizona State University, Tempe, AZ.

A. S. Murr, R. L. Cooper and J. M. Goldman. Endocrinol. Br., RTD, NHEERL,
ORD, USEPA, Res. Triangle Pk., NC.

Over the past decade, a growing body of data have been published demonstrating
variations within the population in genetic susceptibility to environmental pollutants. How might these genetic susceptibility data be incorporated into environmental regulatory decision-making? This presentation will examine how data on
differential genetic susceptibility to air pollutants might be incorporated into the
setting of national ambient air quality standards. After first briefly reviewing the ex-

Metam sodium (MS) is a soil fumigant and Category III pesticide with a relatively
low toxicity in mammals. But, there is some indication that it can impair rodent reproductive function. In ovariectomized, estradiol-primed rats, a single ip injection
was reported to block the luteinizing hormone (LH) surge that in intact females
triggers the final stages of pre-ovulatory follicular and oocytic maturation. The effect paralleled a fall in hypothalamic norepinephrine (NE) that was likely due to a
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block in dopamine-beta-hydroxylase activity. This study was designed to explore a
potential effect of longer MS exposures on estrous cyclicity, the LH surge & ovulation. Normally cycling 90d S-D rats were administered MS (0,50,100 or 200
mg/kg/d, oral gavage) for 3 weeks and cyclicity monitored daily over this period. In
animals cycling normally during the 3rd week, a small amount of proestrous blood
was sampled for LH at 1430, 1600, 1730, 1900 and 2030 hrs. On the day of estrus
between 21 & 26 days of dosing, cycling animals were euthanized for oocyte retrieval. The hypothalamus, along with caudate (CAU) tissue, was dissected out and
analyzed by HPLC for catecholamine concentrations. Results showed that shortly
after the beginning of exposure there occurred a dose-related period of extended
diestrus (possibly reflecting a pseudopregnancy) that typically lasted 8-16 days.
Cycling was then reinstated, and no effects were seen on the magnitude/timing of
the LH surge or ovulated oocyte numbers. Anterior and posterior hypothalamic
NE and dopamine (DA) were not significantly different from controls, although
DA turnover (as reflected by the DOPAC/DA ratio) in both anterior hypothalamic
and CAU regions was decreased at all MS dosages. The data indicate that a 3 week
oral exposure to MS induced an initial period of extended diestrus before the resumption of apparently normal reproductive activity, with previously reported catecholamine alterations (apart from a persistent alteration in the DOPAC/DA ratio)
being normalized by the end of exposure. (This abstract does not represent USEPA
policy)
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THE REPORTED ACTIVE METABOLITE OF THE
PESTICIDE METHOXYCHLOR (MC), 2,2-BIS(PHYDROXYPHENYL)-1,1,1-TRICHLOROETHANE
(HPTE), INHIBITS ANDROGEN PRODUCTION BY RAT
OVARIAN THECA INTERSTITIAL (TI) CELLS
2, 1

1

1, 2 1

Y. Akgul , R. C. Derk and E. P. Murono . Pathology and Physiology Research
Branch, NIOSH, Morgantown, WV and 2Department of Physiology and
Pharmacology, West Virginia University School of Medicine, Morgantown, WV.
Sponsor: V. Castranova.
HPTE is reported to be the active metabolite of the pesticide, MC, which is commonly used on agricultural crops and livestock. Following in vivo administration of
MC, it is rapidly converted to HPTE by the liver. Both MC and HPTE have been
shown to have weak estrogenic and antiandrogenic activities through estrogen and
androgen receptors, respectively. Previous in vivo studies in female animals demonstrated decreased progesterone production and no change in estrogens in the blood
following exposure to MC. The current in vitro studies examined the effects of
HPTE on androgen and progesterone production by cultured ovarian TI cells from
immature rats. To isolate TI cells, 24-25 day-old female Sprague-Dawley rats were
injected (s.c.) with 20 I.U. of pregnant mare serum gonadotropin. Approximately
48 h following treatment, TI cells were isolated following collagenase digestion of
isolated ovarian tissue. TI cells, were cultured in DMEM / F12 medium at 37 0C
in a humidified atmosphere of 95 % air and 5 % CO2. Cells were exposed to
HPTE for 24 h on the day of plating. The current studies showed that HPTE (0,
10, 25, 50, 100 nM) inhibited testosterone and androstenedione formation in a
dose dependent manner with a significant decline to ~45 % of control at 100 nM
HPTE. Progesterone production was also inhibited with progressive declines to
~12 % of control at 100 nM HPTE. Among the steroidogenic enzymes involved in
estrogen biosynthesis, HPTE, specifically, inhibited P450 cholesterol side-chain
cleavage (P450-SCC) activity in a dose dependent manner. These studies demonstrate that the formation of the main substrates for estrogen production by granulosa cells of the ovarian follicle is inhibited by HPTE.
The findings and conclusions in this abstract have not been formally disseminated
by NIOSH and should not be construed to represent any agency determination or
policy.

Growth was monitored at 24 hrs intervals in response to MXC and its metabolites.
After culture, follicles were processed for histological evaluation of atresia during
which each follicle was rated for atresia on a scale from 1-4 (1-healthy follicle,
2≤10%, 3≤10 to 30%, and 4≥30% pyknotic bodies/follicle). Differences between
treatment groups were analyzed by analysis of variance. The results indicate that
MXC, mono-OH MXC, and HPTE significantly inhibit antral follicular growth
by 96 hrs at all the doses compared to DMSO (n=23; p≤0.005). MXC and its
metabolites also increase atresia by 96hrs compared to DMSO. The mean atresia
rating for DMSO-treated follicles was 1.41±0.15, while the mean ratings for MXC,
mono-OH MXC, and HPTE-treated follicles were 3.92±0.08, 3.56±0.16, and
4.00±0.00 respectively (n=12; p≤0.001). Moreover, adverse effects of MXC and its
metabolites on growth and atresia in baboon antral follicles were observed at lower
doses than those causing similar effects in rodents. In conclusion, these data suggest
that MXC and its metabolites inhibit growth and induce atresia of antral follicles in
baboons, and that primate follicles may be more sensitive to MXC than rodent follicles. Supported by U54 HD36207.
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METHOXYCHLOR INDUCES ATRESIA OF ANTRAL
FOLLICLES IN ER ALPHA OVEREXPRESSING MICE

D. Tomic1, J. K. Babus1, S. M. Frech2, R. Gupta1, P. A. Furth2, R. D. Koos3
and J. A. Flaws1. 1Program in Toxicology, University of Maryland, Baltimore, MD,
2
Department of Oncology, Lombardi Comprehensive Cancer Center, Georgetown
University, Washington, DC and 3Department of Physiology, University of Maryland,
Baltimore, MD.
Methoxychlor (MXC) is a pesticide that is known to bind to estrogen receptor
alpha (ERα) and to induce atresia of antral ovarian follicles. Although studies have
shown that MXC is toxic to the ovary, we hypothesize that perturbation to the estrogen signaling system (i.e., increases or decreases in estrogen sensitivity) might
alter ovarian responsiveness to MXC. Thus, we examined whether ERα overexpression alters the ability of MXC to increase follicle atresia. To do so, we employed a
transgenic mouse model in which ERα can be inducibly overexpressed in animal
tissues (ERα overexpressors). We dosed female ERα overexpressors and controls
with sesame oil (vehicle control) or MXC (32mg/kg/day and 64mg/kg/day) for 20
days. After dosing, ovaries were collected for histological evaluation of atresia and
blood was collected for measurements of hormones. In controls, the percentage of
atretic follicles for each treatment group was as follows: sesame oil=9.9±1.3; MXC
(32mg/kg/day)=14.6±4.7, n=4, p=0.5 vs. sesame oil; and MXC
(64mg/kg/day)=22.3±2.7, n=3, p≤0.05 vs. sesame oil. In ERα overexpressors, the
percentage of atretic follicles was as follows: sesame oil=9.1±1.7; MXC
(32mg/kg/day)=19.2±1.8, n=7, p=0.1 vs. sesame oil; and MXC
(64mg/kg/day)=34.2±5.5, n=7, p≤0.001 vs. sesame oil. Estradiol and follicle-stimulating hormone levels did not differ between sesame oil- and MXC-treated mice.
These data indicate that MXC and E2 increase atresia compared to vehicle in both
controls and ERα overexpressors. Although the differences between controls and
ERα overexpressors did not reach statistical significance (probably due to the small
group size), there was a clear trend towards greater sensitivity to E2 and MXC in
ERα overexpressors. Thus, this study indicates that ERα overexpressors may be a
sensitive tool for screening xenobiotics that act through ERα. Supported by NIH
R21 ES1306 (J.A.F.).
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ANTI-MULLERIAN HORMONE CORRELATES WITH
OVARIAN FOLLICLE POPULATIONS IN MICE

P. J. Devine1 and L. P. Mayer2. 1Institut Armand-Frappier, INRS, Pointe Claire, QC,
Canada and 2Biological Sciences, Northern Arizona University, Flagstaff, AZ.
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METHOXYCHLOR AND ITS METABOLITES INHIBIT
GROWTH AND INDUCE ATRESIA OF ANTRAL
FOLLICLES IN BABOON OVARIES

R. Gupta1, G. Aberdeen2, J. Babus1, E. Albrecht2 and J. Flaws1. 1Toxicology,
University of Maryland, Baltimore, MD and 2Obstetrics, Gynecology and
Reproductive Sciences, University of Maryland, Baltimore, MD.
Methoxychlor (MXC), an organochlorine pesticide, is used against insects that attack fruits, vegetables, and home gardens. MXC and its metabolites, mono-OH
MXC and bis-OH MXC (HPTE), are known to cause atresia (follicle death via
apoptosis) in rodents. Although studies have examined the effects of MXC in rodents, few studies have evaluated the effects of MXC in primates. Therefore, the
present study tested the hypothesis that MXC and its metabolites (mono-OH
MXC and HPTE) inhibit growth and induce atresia of baboon antral follicles.
Antral follicles were isolated from ovaries of normal cycling adult baboons and cultured in supplemented media with vehicle (dimethylsulfoxide; DMSO), MXC (1100µg/ml), mono-OH MXC (0.1-10µg/ml), or HPTE (0.1-10µg/ml) for 96 hr.
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The presence or absence healthy oocytes (eggs) in a woman’s ovaries determines her
reproductive status. Women are born with a finite population of dormant oocytes
that cannot proliferate. Quantifying the oocytes remaining to a female has proven
to be difficult, because we have not identified anything that is produced or influenced by dormant follicles. With at least 8% of US and Canadian women seeking
infertility counseling or treatment, having a non-invasive marker of true ovarian reserve, the number of gametes remaining to an individual, would be an important
diagnostic tool for clinicians. Anti-mullerian hormone (AMH) has been implicated
in maintaining follicle dormancy. Thus, although this hormone is made only in
growing follicles, its secretion may be controlled by the numbers of dormant follicles present in ovaries. In the clinic, AMH correlates with fertility as well or better
than current methods. In order to test AMH as a predictor of ovarian reserve, we
have used a chemical, 4-vinylcyclohexene diepoxide (VCD), to manipulate ovarian
follicle populations. Prior studies showed VCD specifically depletes dormant and
earliest growing ovarian follicles in rodents, without any other toxicity. Mice were
given daily doses of VCD (240mg/kg/day) on days 1-5, and ovarian follicle populations and hormone levels were compared with vehicle-treated mice. Exposures

caused a 96% loss of dormant and small primary follicles (p<0.05) on day 16, without affecting larger growing follicles (p>0.05). On days 37, 57, and 100, follicle
populations were almost completely eliminated. Ovaries were smaller on days 57
and 100, and uterine weights were less on d100 (p<0.05). AMH levels were significantly higher on d16 in VCD-exposed mice compared to controls, but significantly lower at later time points (p<0.05). Results suggest AMH levels increase as
dormant follicles are lost but decrease as the source of AMH (growing follicles) is
lost. Thus, AMH may be a good biomarker for reproductive studies.
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TCDD ALTERS FOLLICULAR DEVELOPMENT AND
STEROIDOGENESIS: USING THE ZEBRAFISH TO
IDENTIFY THE MOLECULAR TARGETS OF TCDD’S
REPRODUCTIVE TOXICITY

T. King Heiden1, 2, C. Struble3, M. Hessner4, R. J. Hutz2, 1 and M. J. Carvan1.
1
Great Lakes WATER INST., UW-Milwaukee, Milwaukee, WI, 2Department of
Biological Sciences, UW-Milwaukee, Milwaukee, WI, 3Department of Mathematics,
Marquette University, Milwaukee, WI and 4Department of Pediatrics, Medical
College of Wisconsin, Milwaukee, WI.
TCDD reduces reproductive capacity of fish, but additional characterization of the
cellular pathways modulated by TCDD is necessary in order to better understand
its reproductive toxicity. Previously, we have shown that chronic, sub-lethal exposure to TCDD decreased OSI, egg production, and spawning success in zebrafish.
Additionally, TCDD reduced serum estrogen and vitellogenin concentrations, and
altered follicular development. Here we investigate the effect of TCDD exposure on
ovarian gene expression as they relate to estradiol biosynthesis and follicular development. We used quantitative RT-PCR to assess TCDD’s effects on the expression
of several candidate genes important in the regulation of follicle development,
oocyte maturation, and vitellogenesis. While changes in expression were relatively
subtle, our data suggest that in addition to altering steroidogenesis, TCDD alters
the expression of genes important for controlling the development of oocytes (e.g.,
activins and egf were downregulated 2-fold; lh-r was downregulated 2-6-fold).
Additionally, we used microarray technologies to identify global and concentrationdependent effects on gene expression in the zebrafish ovary. Several genes were
identified as being dysregulated at least 2-fold including those involved in glucose
and lipid metabolism, mitochondrial transport, regulation of transcription, and immune function suggesting that TCDD alters various integrated networks of signaling pathways associated with ovarian development. On-going analyses will provide
additional information regarding the molecular targets and cellular pathways that
are affected. This work constitutes the first step in better understanding the mechanisms that underlie the reproductive toxicity of TCDD.
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INVESTIGATION OF THE CELL DEATH OF SMALL
PREANTRAL FOLLICLES INDUCED BY DNADAMAGING AGENTS IN CULTURED MOUSE OVARIES

P. Desmeules and P. J. Devine. INRS-Institut Armand-Frappier, Montréal, QC,
Canada.
Dormant ovarian follicles are specifically targeted by therapeutic chemicals (alkylating agents) and ionizing radiation and the exhaustion of this reserve of follicles can
cause premature menopause in females. However, the study of their physiology is
complicated due to the complex ovarian structure. We present here an investigation
of the cell death pathway of small preantral follicles induced by the alkylating agent
phosphoramide mustard (PM; the toxic metabolite of cyclophosphamide) in an in
vitro system. Intact postnatal-day-4 mouse ovaries of in vitro cultures were exposed
to PM (3-10µM) or ionizing radiation (IR; 2Gy), tissues were cultured for up to
d8, and follicle counts and immunohistochemistry were performed. The cellular
targets of both agents were similar, being oocytes (Oo) in primordial and small primary but granulosa cells (GC) in large primary follicles, as revealed by histological
inspections. The number of TUNEL-stained follicles was elevated 24 (10µM) or 48
h (3µM) after PM exposures (p<0.05), predominantly in Oo of primordial and
small primary follicles. In contrast, numbers of follicles that stained for activated
Caspase-3 were not significantly increased in ovaries treated with PM; this marker
was mostly seen in GC of primary follicles and never in primordial follicles. In addition, z-VAD-fmk, a pan-caspase inhibitor, could not prevent follicle losses when
added prior to PM. Although the timing of follicular injury was similar for both
agents, H2Ax foci formation occurred within 2 h after IR but between 6-12 h after
PM exposures. Foci were observed in Oo and GC of all stages (mainly in Oo), but
only the Oo of large primary follicles appeared healthy after exposures to either PM
or IR. These results suggest that the cell death pathway in primordial follicles exposed briefly to PM is likely Caspase-independent and that DNA breaks are managed differently amongst the Oo of different follicular stages.
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IRRITATION TESTING OF CONTRACEPTIVE AND
FEMININE-CARE PRODUCTS USING EPIVAGINALTM,
AN IN VITRO HUMAN VAGINAL-ECTOCERVICAL
TISSUE MODEL

S. Ayehunie, J. Kubilus, P. Hayden, C. Cannon, S. Lamore and M. Klausner. R
& D, MatTek Corporation, Ashland, MA.
Normal human vaginal-ectocervical (VEC) cells were cultured to reconstruct VEC
tissues in vitro (designated as VEC-100). In some cultures, normal human dendritic cells were also incorporated (designated as VLC-100-FT). Both tissues mimic
native in vivo tissue in that they have basal, parabasal, glycogenated intermediate,
and the superficial cell layers. To test the utility of the VEC tissue, contraceptives,
microbicides, anti-itch agents, and other vaginal-care products (VCP) were topically applied. To mimic heterosexual HIV infection, the VLC tissue was topically
exposed to HIV-1 viruses. Quality control (QC) testing on each batch of tissue utilized Triton X-100 (1%) and water as positive and negative controls, respectively.
The MTT assay was used to determine the exposure time necessary to decrease the
tissue viability to 50% (ET-50) for the positive control and 20 VCP. QC testing
showed the tissues to be highly reproducible; the average intra-lot coefficient of
variation was <10% and ET-50s averaged 1.26 hr ± 0.23 (n=25 lots). The VEC tissue model discriminated between the mildness of VCP. The ET-50 values ranged
between 1.7-2.7 hr for feminine washes, 3.5-7.0 hr for contraceptives, 6.9->18 hr
for anti-itch creams, and were > 18 hr for douches, lubricants, and anti-fungal
creams. Released cytokines and gene expression levels showed that IL-1α, IL-1β,
and IL-8 were associated with toxicity of VCP. Finally, the VLC tissue was infectible
with macrophage-tropic and T-cell tropic HIV-1 strains as evidenced by DNAPCR. Based on these results, it is likely that the VEC tissue model will serve as a
useful, highly reproducible, non-animal tool to assess the irritation of VCP. In addition, the VLC tissue will enable studies pertaining to HIV infection, microbicides
and drug absorption.
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ANALYSIS OF GENE EXPRESSION IN RAT OVARIAN
FOLLICLES: A COMPARISON PRIOR TO IN VIVO VS. IN
VITRO EXPOSURE TO 4-VINYLCYCLOHEXENE
DIEPOXIDE

S. M. Fernandez1, J. B. Hoying2, 1 and P. B. Hoyer1. 1Physiology, University of
Arizona, Tucson, AZ and 2Biomedical Engineering, University of Arizona, Tucson, AZ.
The occupational chemical 4-vinylcyclohexene diepoxide (VCD) selectively destroys small pre-antral ovarian follicles after repeated daily dosing of postnatal day
(PND) 28 rats and following in vitro exposure of PND4 rat ovaries. In a previous
study using oligo array analysis, VCD exposure (in vivo vs. in vitro) decreased expression of the cell survival genes, c-kit receptor and bone morphogenetic protein
receptor-1A, and increased expression of fibromodulin, a soluble growth factor inhibitor, in the targeted small pre-antral follicle population in both systems. The
current study was designed to investigate if VCD-responsive genes are also affected
as a result of differing ages between the two systems, or as a function of culture conditions in the in vitro exposures. Ovaries from female F344 rats (PND28; n=2)
were excised, dissociated, and follicles were hand sorted into fractions 1 (F1; 25100µm; VCD target) or 2 (F2; 100-250µm; VCD non-target). Ovaries from female F344 rats (PND4; n=2) were also excised and excess connective tissue removed. RNA was extracted from the tissues on the day of collection. Oligo array
analysis used Operon’s 6.1K rat oligo version 1.0 and 1.1 sets. A multivariate experimental approach based on the fitting of expression data to an additive linear
ANOVA model containing terms for array and dye effects enabled a comparison
between in vivo and in vitro tissues. Thirty-six genes differed between F1 and F2;
74 genes differed between F1 and PND4. Relative to F1 follicles, four extracellular
matrix proteins had higher gene expression in PND4 ovaries, whereas mRNA encoding Cyp17a1, a steroidogenic enzyme, had lower expression in PND4 ovaries.
There were no differences between tissues in expression of the genes previously
identified as VCD-susceptible. These data support that gene expression changes
seen in the previous oligo array experiment are from VCD exposure rather than tissue/developmental gene differences. (ES09246)
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COMPARATIVE TRANSCRIPTIONAL,
MORPHOMETRIC AND UTEROTROPHIC
ASSESSMENT OF ESTROGEN SIGNALLING IN THE
RODENT UTERUS

J. C. Kwekel, L. D. Burgoon, J. W. Burt, J. R. Harkema and T. R. Zacharewski.
Biochemistry and Molecular Biology, Michigan State University, East Lansing, MI.
Comparable study designs, microarray platforms and analysis methods were used to
systematically assess the physiological, morphological and transcriptional uterine
alterations elicited by ethynyl estradiol (EE) in Sprague-Dawley rats and C57BL/6
mice in order to identify conserved estrogen signaling networks. Comparative
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analysis identified 247 orthologous gene pairs which were coordinately co-active,
suggesting conserved transcriptional targets important in uterine proliferation.
Functional annotation for these conserved responses were associated with angiogenesis, water and solute transport, cell cycle control, red-ox control, DNA replication, protein synthesis and transport, xenobiotic metabolism, cell-cell communication, energetics, and cholesterol and fatty acid regulation. Furthermore, the
identification of conserved temporal expression patterns of orthologs provided experimental support for the transfer of well characterized mouse functional annotation to 44 ambiguously annotated rat genes/ESTs based, not only on sequence homology, but also comparable temporal co-expression patterns. Additionally, several
genes including Ca2, Cdc37, and Apoe were identified which exhibited divergent
regulation between rat and mouse. These genes may provide insights into species
specific differences in uterine architecture during uterotrophy. The identification of
comparable temporal phenotypic responses linked to related gene expression profiles demonstrates that systematic comparative genomic assessments can facilitate
the elucidation of important conserved and divergent uterine proliferation mechanisms in rodent estrogen signaling during uterine proliferation. Funding provided
by NIH grant: ES011271 *Supported by NIEHS Training Grant: ES07255-16
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GESTATIONAL PFOA EXPOSURE OF MICE IS
ASSOCIATED WITH ALTERED MAMMARY GLAND
DEVELOPMENT IN DAMS AND FEMALE OFFSPRING

S. S. White1, J. L. Rayner2, E. P. Hines3, J. R. Thibodeaux3 and S. E. Fenton3.
1
Toxicology, UNC, Chapel Hill, NC, 2ESE, UNC, Chapel Hill, NC and
3
Reproductive Toxicology Division, NHEERL, ORD, USEPA, Research Triangle
Park, NC.
Perfluorooctanoic acid (PFOA), a ubiquitous and persistent synthetic compound,
has been detected in human serum. Previous studies in mice linked prenatal PFOA
exposure to increased neonatal mortality and decreased pup weights, in a dose responsive manner. To determine whether developmental effects were linked to impaired lactation or developmental exposures, time pregnant CD-1 mice (N=8-13
dams/group) were exposed to 5 mg/kg PFOA on gestation days (GD) 2-18, 9-18,
13-18, or to vehicle GD2-18. None of the PFOA exposures affected maternal
weight gain or the number of live pups born. Mean pup weights on postnatal day 1
(PND 1) were significantly reduced compared to controls (from 6-14%; p<0.05)
by all PFOA exposures. Body weights of pups were reduced by PFOA on PND 5,
10, and 20, in a time-dependent manner (25-44%, 30-43%, 30-36% from controls, respectively, p<0.0008). Mammary glands (MG) were removed from lactating
dams and female pups at necropsy on PND 10 and 20. MGs were scored for development on a 1-4 scale. A significant reduction in MG development of the dams exposed from GD2-18 or 9-18 was evident (p<0.01) on PND10 (peak of lactation).
On PND20 (weaning), involution of control MG alveoli was noted, but a delay in
this process was evident in exposed dams. All exposed female pups at PND10 or 20
displayed stunted MG epithelial branching and growth compared to controls
(p<0.001). While control litters at PND 10 and 20 had average scores of 3.1 and
3.3 respectively, all treated litters had scores of 1.7 or less, with no progression of
growth evident over time. Body weight was an insignificant covariate for these effects. These findings suggest that abnormal MG development of dams may play a
substantial role in the early weight gain deficits in gestationally exposed offspring.
Prenatal PFOA exposures cause detrimental effects on dam and offspring MG development. (This abstract does not necessarily reflect EPA policy.)
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FERTILIZATION RATE AND OOCYTE QUALITY IS
ADVERSELY AFFECTED FOLLOWING NEONATAL
EXPOSURE TO THE PHYTOESTROGEN GENISTEIN

W. N. Jefferson1, 3, E. Padilla-Banks1, E. H. Goulding2, E. M. Eddy2 and R. R.
Newbold1. 1Laboratory of Molecular Toxicology, NIEHS, Research Triangle Park,
NC, 2Laboratory of Reproductive and Developmental Toxicology, NIEHS, Research
Triangle Park, NC and 3Department of Molecular and Environmental Toxicology,
North Carolina State University, Raleigh, NC.
Neonatal exposure to the naturally occurring phytoestrogen, genistein (Gen) causes
adverse consequences on the developing female reproductive system including altered ovarian differentiation and function as well as subfertility/infertility. To study
the mechanisms involved in female infertility following neonatal Gen exposure, we
examined the effects on oocyte quality in culture. Female CD-1 mice were treated
with Gen (5, 25 or 50 mg/kg) on days 1-5 or left untreated as controls. Mice were
treated with PMSG followed by hCG at 8 weeks and then bred to proven control
males. Oocytes were collected from vaginal plug positive mice, counted, and placed
in KSOM+AA medium for culture. The percent of fertilized oocytes was determined by the appearance of the second polar body. Fertilized oocytes were then followed to determine progression to 2-cell, 4-cell, morula and blastocyst stages of development. The percent of fertilized oocytes from mice treated with Gen-50 was
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43% compared to 86% in controls. Fertilized oocytes in both treatment groups
progressed to the 2-cell stage (controls, 100%; Gen-50, 89%) and the 4-cell stage
(control, 93%; Gen-50, 70%). However, there was a statistically significant decrease in the percent reaching the morula stage compared to controls (control,
72%; Gen-50, 22%) as well as the blastocyst stage (control, 49%; Gen-50, 9%).
Lower doses of Gen treatment showed similar fertilization rates as controls (Gen-5,
90%; Gen-25, 80%), however, the percent that reached the blastocyst stage was reduced in the Gen-5 group (31%) and the Gen-25 group (3%) compared to controls (49%). Taken together, our data supports the idea that brief exposure to environmentally relevant doses of Gen during critical stages of development is
associated with lower fertilization rates and poor oocyte quality.
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EFFECTS OF GESTATIONAL AND NEONATAL
EXPOSURE TO GENISTEIN ON THE DEVELOPMENTS
OF OVARY AND UTERUS IN PREPUBERTAL RATS

S. Kim1, R. Lee1, G. Rhee1, S. Kwack1, J. Seok1, K. Lim1, J. Kang1, J.
Chung2, J. Kim2 and D. Cho1. 1Reproductive & Developmental Toxicology,
National Institute of Toxicological Research, Korea FDA, Seoul, South Korea and
2
Department of Anatomy and Cell Biology, Dong-A University, Busan, South Korea.
Sponsor: J. Hong.
Genistein is an isoflavone and phytoestrogen found in dietary soy products, and has
been used as chemopreventive agent for breast and prostate cancer. Female SpragueDawley rats were administerd with genistein subcutaneously at doses of 0.5, 5, 25
mg/kg in utero (GD 6-18) and neonatally (PND 1-5) to examine its effects on the
developments of prepubertal ovary and uterus. In rats exposed in utero and neonatally to genistein, uterine weights were significantly increased as compared to control on PND 21, but ovarian weights were not changed. In addition, serum 17βestradiol concentrations showed statistically significant increases, indicating that
the increases in uterine weights by in utero and neonatal exposure to genistein were
due to this effect. Genistein treatment produced the induction of uterine ERα
mRNA levels, while ERβ mRNA was not altered. These results suggest that genistein may exert its actions through ERα but not ERβ in prepubertal uterine tissues.
Cell cycle analysis of granulosa cells isolated from prepubertal female SD rat ovary
after gestational and neonatal exposure to genistein revealed that cell death did not
occur significantly. Moreover, genistein treatment did not provoke the changes in
nuclear morphology, DNA fragmentation and caspage-3 activation. As a result, in
utero and neonatal exposure to genistein is very likely to have no adverse effects on
the developments of prepubertal ovary and uterus in female Sprague-Dawley rats
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VALIDATING A GENE EXPRESSION PROFILE FOR
ESTROGENS IN FETAL UTERUS AND OVARIES:
TOWARDS AN ALTERNATIVE METHOD FOR
ENDOCRINE ASSESSMENT

G. Daston, L. Foertsch, G. Overmann, S. Torontali, J. Tiesman, G. Carr, T.
Leazer and J. Naciff. Miami Valley Labs, Procter & Gamble, Cincinnati, OH.
We identified a pattern of gene expression in fetal rat uterus/ovaries produced by
three estrogens. We selected a set of 66 genes for which expression was significantly
altered by all three compounds as a candidate transcript profile specific for estrogenicity. The purpose of this study was to evaluate the extent to which other estrogens and non-estrogens, elicited a transcript profile that overlapped the candidate
estrogen profile. The estrogens (and top dosages) used were estrone (500 ug/kg/d
sc), methoxychlor (100 mg/kg/d po) and p-tert-octylphenol (200 mg/kg/d sc).
Non-estrogens were cortisol (20 mg/kg/d sc), ethylenethiourea (250 mg/kg/d po),
propylthiouracil (2000 mg/kg/d po), and methimazole (50 mg/kg/d po). Dosages
had been shown to produce in vivo estrogenic effects and/or were MTDs. All were
administered to SD rats on GD11-20 (5-6 litters/group). Uteri and ovaries were
collected from female fetuses 2 hr after the last treatment and pooled within litter
for mRNA analysis. Each compound had its own vehicle control. Target cRNA was
evaluated on a custom Affymetrix microarray. Estrone and methoxychlor elicited
significant (by ANOVA) changes in gene expression in 19 and 12 of the 66 genes,
respectively. Octylphenol elicited significant changes in only three. Cortisol elicited
changes in two. The other three non-estrogens did not elicit changes in any of the
66 genes. The lack of response from the non-estrogens indicates that the candidate
transcript profile exhibits high specificity for estrogens. Sensitivity of this method
to detect estrogenic activity is 2/3; however, given that octylphenol does not produce reproductive effects in the rat 2-gen study, the sensitivity of this method to detect adverse reproductive outcome is 3/3. The results suggest that this procedure
may be a useful alternative to the two-generation assay as a means of resolving weak
estrogenicity. More chemicals need to be tested to further assess predictive characteristics, but these results are promising.
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COMPARATIVE ANALYSIS OF TEMPORAL GENE
EXPRESSION, MORPHOMETRY AND UTEROTROPHY IN
TAMOXIFEN AND ETHYNYLESTRADIOL TREATED RATS

H. A. Dalgleish, J. C. Kwekel, L. D. Burgoon and T. R. Zacharewski.
Biochemistry and Molecular Biology, Michigan State University, East Lansing, MI.
Changes in uterine physiology, cell morphology and gene expression were evaluated
in a comprehensive time course study after oral administration of 100 µg/kg bw tamoxifen (TAM) or ethynylestradiol (EE) to immature, ovariectomized SD rats.
Animals were dosed once or once daily on 3 consecutive days and uteri were harvested 2, 4, 8, 12, 18, 24, or 72 hrs after treatment. EE and TAM elicited
uterotrophic EC50 values of 16.2 and 17.9 µg/kg, respectively, although TAM only
induced a 3-fold increase in wet weight compared to the 7-fold induction with EE.
Global changes in gene expression were examined using custom rat cDNA microarrays. Genes exhibiting significant changes were determined using a modelbased t-statistic/Empirical Bayes approach and were then compared using temporal
expression profile analyses which identified co-regulated as well as divergently regulated genes. In order to phenotypically link these changes in gene expression to the
physiological alterations observed in the uterotrophic response, complementary
histological and morphometric assessment of uterine mid-horn sections stained
with eosin and hematoxylin were performed. Quantitative real time PCR analysis
confirmed a temporal shift in the TAM elicited expression profiles of Fos, Vegf,
Igf1, Ccnd1, Calb3, C3 and Pycard relative to EE profiles. The temporal shift in
gene expression is suggestive of differences in pharmacokinetics and/or pharmacodynamics between EE and TAM which provides insights into the differences seen
in uterotrophy.
Funded by NIH ES011271 and ES07255-16.
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SCREENING OF PUTATIVE PHYTOESTROGEN
RESPONSIVE GENES FOR ESTROGEN ACTIVITY

S. Naragoni1, R. Solipuram1 and W. G. Gray1, 2. 1Environmental Toxicology,
Southern University A & M, Baton Rouge, LA and 2Department of Chemistry,
Southern University A & M, Baton Rouge, LA.
Phytoestrogens are non steroidal plant derived compounds which exhibit estrogenic
activity. Several studies have demonstrated that populations who consume large
quantities of phytoestrogens have reduced risk of estrogen dependent cancers.
Although it has been shown that certain phytoestrogens modulate estrogenic action, their biological role in cancer reduction remains unclear. The identification of
the phytoestrogen regulated genes is an essential step towards understanding the
molecular mechanisms of phytoestrogen action. To obtain information on phytoestrogen action, we used an 186bp DNA fragment obtained from the differential
display RT-PCR in hybridization screening of both uterine cDNA, and pituitary
cDNA libraries. Our screening resulted in the isolation of 17 clones with insert
sizes ranging from 0.6-1.2 kb. These clones were characterized by doing sequence
homology match by blasting the sequences against the Gene Bank/Ensemble data
base. Sequence analysis revealed that two of these 17 clones were from previously
described genes: PAM, which encodes a protein Peptidyl glycine alpha amidating
monooxygenase, APG12L which encodes the protein APG12 autophagy 12-like.
No significant sequence similarity was found for the remaining clones. Two clones
were further analyzed by one step RT-PCR to quantify their expression and by
Northern Blot to determine the transcript size. Our results revealed that both
clones are differentially expressed in the estrogen receptor (ER) - positive MCF-7
breast carcinoma cell line when exposed to phytoestrogens. Northern demonstrates
that both clones have a transcript size between 0.8-1.1kb. Currently we are expanding these studies to the ER – negative cell line MDA-MB 468.
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AN ASSESSMENT OF THE EFFECTS OF GESTATIONAL
AND LACTATIONAL EXPOSURE TO ETHINYL
ESTRADIOL (EE) AND BISPHENOL A (BPA) ON
REPRODUCTIVE MORPHOLOGY AND BEHAVIOR IN
FEMALE AND MALE LONG EVANS HOODED RAT

B. C. Ryan1, 4, K. L. Howdeshell2, 4, J. G. Vandenbergh1, K. M. Crofton3 and L.
Gray4. 1Zoology, North Carolina State University, Raleigh, NC, 2Molecular
Biosciences, North Carolina State University, Raleigh, NC, 3Neurotoxicology, USEPA,
Research Triangle Park, NC and 4Reproductive Toxicology, USEPA, Research Triangle
Park, NC.
Anthropogenic estrogens are pervasive in the environment. Although the effects of
these “xenoestrogens” are controversial in humans, some fish species are adversely
affected in contaminated ecosystems. The current project focuses on the effects of
developmental exposure to two estrogenic compounds: EE, the principle estrogen
in many oral contraceptives and BPA, a component of polycarbonate plastic.
Studies investigating endocrine disruptors typically focus on reproductive endpoints. Exposure to estrogens during development can alter sexual differentiation

of the nervous system and behavior of female rats as well as the male and female reproductive tract. For this reason, we chose to study both sexually dimorphic reproductive (lordosis response) and sexually dimorphic non-reproductive behaviors
(saccharin preference and motor activity) in female rats and reproductive tract morphology in both male and female rats. Pregnant dams were exposed to EE (0.05,
0.5, 5 and 50µg/kg/day) or BPA (2, 20 and 200µg/kg/day) from gestational day 7
to postnatal day 18. EE treatment at the highest dose caused some pup mortality.
Females in the two highest dose groups (5 and 50µg/kg/day) displayed an early
vaginal opening and malformations of the external genitalia. These doses of EE also
masculinized lordosis behavior and saccharin preference in female offspring and
disrupted reproductive tract development in both sexes. In contrast to EE, developmental exposure to BPA caused no consistent effects in any of the endpoints
measured to date. These findings show behavioral disruption by EE at doses lower
than previously published. This project was funded by the EPA/NCSU
Cooperative Research Grant CT826512010. This abstract does not necessarily reflect EPA policies.
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RELIABLE ASSAYS FOR DETERMINING ENDOGENOUS
COMPONENTS OF HUMAN MILK

E. P. Hines1, J. L. Rayner3, R. Barbee1, B. Heidenfelder2, R. A. Moreland4, A.
Valcour4, J. E. Gallagher2 and S. E. Fenton1. 1ORD/NHEERL, Reproductive
Toxicology Division, USEPA, Research Triangle Park, NC, 2ORD/NHEERL,
Human Studies Division, USEPA, Chapel Hill, NC, 3DESE, UNC-Chapel Hill,
Chapel Hill, NC and 4, LabCorp, Inc., Burlington, NC.
Healthy women from 18-38 years old (N=25) fasted for several hours and twice donated blood and milk (postpartum 2-7 weeks and 3-4 months) for the EPA’s
Methods Advancement for Milk Analysis study, a pilot for the National Children’s
Study (NCS). Endogenous components were chosen for comparison in these fluids
based on their potential as NCS biomarkers for children’s health. Our goal was to
determine if validated high throughput methods for selected serum analytes could
be applied for use in breast milk (high throughput assays are limited), and if serum
is a satisfactory surrogate for determining levels in milk. Since the NCS is planning
to collect samples during lactation, we also attempted to define “normal” ranges for
these components in milk (traditionally defined in non-lactating women). Reliable
methods were developed for 7 of 8 chosen components of milk, based on assay sensitivity, linearity of response, and precision (dilution and spike recovery). Assays to
measure leptin in milk were not reliable. However, assays were successful for estradiol, prolactin, tumor necrosis factor-alpha (TNFa), interleukin 6 (IL6), triglycerides, glucose, and IgA (secretory form in milk). None of the components demonstrated an identical range in values in blood and milk, and glucose was the
component whose blood/milk range of values was most similar (about 3-fold range
in milk, 2-fold in serum). The data showed similar intra-individual serum IgA and
TnFa levels between collections. Donors with high milk sIgA also had elevated milk
IL6. In addition, a subset of donors’ samples was analyzed fresh (maintained at 4C)
and frozen on the same day to determine the contribution in assay variability from
freeze-thawing. Prolactin levels were consistently lower in fresh vs. frozen milk samples. (This abstract does not necessarily reflect EPA policy.)

407

DNA REPAIR GENE, ERCC1, EXPRESSION AND
CHRONIC ARSENIC EXPOSURE IN INNER MONGOLIA

J. Mo1, Y. Xia2, T. Wade3 and J. Mumford3. 1National Research Council,
Washington, DC, 2Inner Mongolia Center for Endemic Disease Control and Research,
Huhhot, Inner Mongolia, China and 3US Environmental Protection Agency, Research
Triangle Park, NC. Sponsor: M. Madden.
Arsenic, a human carcinogen is known to induce oxidative stress and DNA damage. Oxidation at the C8 position of guanine (8-oxo-guanine) may cause mutation
due to its potential to mispair with adenine during DNA replication. Arsenic has
been shown to increase reactive oxidants and urinary 8-hydroxydeoxyguanine levels
in humans. ERCC1 encodes an endonuclease, which makes the incision 5’ of DNA
damage in nucleotide excision repair, which is believed to be the backup for base
excision repair of oxidative damage. Inner Mongolia residents living in Ba Men are
chronically exposed to arsenic via well water. The aims of this study are to (1) determine gene expression of ERCC1 in blood from the individuals chronically exposed to a wide range concentration of arsenic in Ba Men and (2) evaluate if
ERCC1 expression can be used as a biomarker for assessing arsenic effects. Water
and blood samples were collected from 299 Ba Men residents exposed to 0.34 –
476 µg/L of arsenic. RNA was isolated from blood and mRNA levels of ERCC1
were determined using real-time PCR. ERCC1 expression levels were linked to
water arsenic concentrations. The results showed that levels of ERCC1 expression
are significantly correlated with the concentrations of arsenic concentrations in
drinking water (Spearman r = 0.16, p<0.01) and showed a positive linear association (slope=0.043, p<0.01). Further data analysis will be conducted to determine if
age, sex and smoking also affect ERCC1 expression. Our results showed that
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ERCC1 expression in blood was associated with arsenic levels in drinking water.
This provided a linkage between chronic arsenic exposure and the biological response to DNA damage in humans. The biomarker ERCC1 expression may potentially be useful as a biomarker for assessing health effects from chronic arsenic exposure. (This abstract for a proposed presentation does not necessarily reflect U.S.
EPA policy.)
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ECG QT INTERVAL PROLONGATION AND CHRONIC
ARSENIC EXPOSURE IN INNER MONGOLIA

J. Mumford1, Y. Xia2, K. Wu2, W. E. Sanders3, R. Kwok4 and Z. Yang5. 1US
Environmental Protection Agency, Research Triangle Park, NC, 2Inner Mongolia
Center for Endemic Disease Control and Research, Huhhot, Inner Mongolia, China,
3
University of North Carolina Medical School, Chapel Hill, NC, 4RTI International,
Research Triangle Park, NC and 5Ba Men Anti-epidemic Station, Lin He, Inner
Mongolia, China. Sponsor: M. Madden.
Chronic arsenic exposure is associated with multiple cardiovascular abnormalities.
Prolongation of the QT interval and profound repolarization changes on electrocardiogram (ECG) have been seen in patients with acute promyelocytic leukemia
treated with arsenic trioxide. This acquired form of long QT syndrome (LQTS) can
result in life-threatening arrhythmias. We report for the first time the effects of arsenic exposure on the QT interval in a general population that consumes arseniccontaminated water from wells. The normal range for QTc (normalized to heart
rate 60) interval is 0.33-0.44. Residents from the Ba Men region of Inner Mongolia
are chronically exposed to a wide range of arsenic levels via drinking water. A total
of 320 subjects with the mean exposure of 15 years from this area were studied.
Based on level of arsenic exposure, subjects were divided into three groups: low
(≤21 µg/L), medium (100-300 µg/L), and high (430-690 µg/L). ECGs were obtained on the participating subjects. The results showed that a prolonged QT interval (= 0.45 or higher) was associated with the levels of arsenic in drinking water
(p<0.001) and gender (p<0.0015) but not age (p = 0.8960) or smoking (p =
0.7514). Females were more vulnerable to QT interval prolongation than males. A
dose-response relationship (prevalence rate of 5%, 12%, 21% for QT interval prolongation with low, medium and high exposure, respectively) was observed. ECG
evaluation for prolongation of QT interval may be useful in the detection of cardiovascular effects from arsenic exposure. (This is an abstract of a proposed presentation and does not necessarily reflect US EPA policy.)
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PROGRESS TOWARD DEVELOPMENT OF IN VITRO
METHODS FOR ASSESSING THE RELATIVE ORAL
BIOAVAILABILITY OF ARSENIC FROM SOIL

Y. Lowney1, M. V. Ruby1, L. A. Petersen1 and S. M. Roberts2. 1Exponent, Inc.,
Boulder, CO and 2University of Florida, Gainseville, FL.
Several physical and geochemical factors can control the dissolution of metals from
soils. These include particle size, mineral composition, encapsulation, and the presence of alteration products at the soil surface. Because of these factors, the bioavailability of metals from soil can vary from site to site. In vitro, physiologically based
extraction tests are relatively simple, quick, and cost-effective tools that can provide
information regarding the potential solubility and bioaccessibility of contaminants
in soils. Recent efforts have been directed toward development of techniques by
which in vitro bioaccessibility measurements can be used to predict arsenic relative
bioavailability (RBA) from soil on a site-specific basis. The RBA of arsenic in soils
from several types of contaminated sites were measured in cynomolgus monkeys
(Roberts et al. 2006), providing reference soils for in vitro method development.
Arsenic mineralogy was characterized in 13 soil samples for which RBA measurements were available, and bioaccessibility was measured using in vitro extraction
methods currently validated for lead (Drexler, 2005). Bioaccessibility results correlated well with RBA measurements for some, but not all soils (r2 <0.5 ).
Modifications to this in vitro method addressing the geochemistry of arsenic in
soils resulted in significant improvements in the accuracy with which the extraction
method predicted the RBA of arsenic in soils (r2=0.75). The results of this study
suggest that an in vitro bioaccessibility method can be crafted to predict arsenic
RBA, but that accurate predictions will require sound knowledge of geochemical
properties affecting the oral absorption of arsenic from soil.
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MEASUREMENT OF THE RELATIVE BIOAVAILABILITY
OF ARSENIC FROM SOIL IN CYNOMOLGUS MONKEYS

S. M. Roberts1, J. W. Munson1, Y. W. Lowney2 and M. V. Ruby2. 1Ctr.
Environment Human Toxicology., University of Florida, Gainesville, FL and
2
Exponent, Boulder, CO.
In risk models used by the U.S. EPA, the dominant route of exposure to arsenic in
contaminated soil is through incidental ingestion. Risk from arsenic in soil is consequently a function in part of its oral bioavailability. A number of studies have
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found that GI absorption of arsenic from soil is much less than from water, indicating that a relative oral bioavailability (RBA) adjustment is warranted when calculating risks from arsenic in soil. However, few studies of arsenic bioavailability from
soil have been conducted in animal models with phylogenetic similarity to humans,
such as non-human primates. We report here the results of a study in which the
RBA of arsenic in soil from a variety of types of contaminated sites was measured in
male cynomolgus monkeys. RBA was measured in 13 soil samples taken from 11
different sites. A single oral dose of each contaminated soil was administered to five
male cynomolgus monkeys by gavage, and the extent of oral absorption was evaluated through measurement of arsenic recovery in urine and feces. Urinary recovery
of arsenic following doses of contaminated soil were compared with urinary recovery following oral administration of sodium arsenate in water in order to determine
the RBA of each soil. RBA of arsenic in the 13 soils ranged from 0.05 to 0.31 (5 to
31%), with most in the 0.1 to 0.2 (10 to 20%) range. Since all of the measured values were low, it was important to verify that this is not due to a limitation in the animal model. Consequently, a high bioavailability soil was constructed artificially by
spiking a naturally low-arsenic-content soil with sodium arsenate. The average RBA
of arsenic from this soil in five monkeys was 0.94 (94%). The results of this study
indicate that the RBA of arsenic varies among contaminated soils, but suggests that
the values are generally less than 0.3 (30%). These data are now forming the basis
for development of in vitro methods to predict arsenic RBA from soils. This research was supported in part by a grant from SERDP.
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INORGANIC ARSENITE ALTERS MACROPHAGE
GENERATION FROM HUMAN PERIPHERAL BLOOD
MONOCYTES; ARSENIC-INDUCED HUMAN
MACROPHAGES (AS-MP)

T. Sakurai, C. Kojima and S. Himeno. Laboratory of Molecular Nutrition and
Toxicology, Faculty of Pharmaceutical Sciences, Tokushima Bunri University,
Tokushima, Tokushima, Japan.
Inorganic arsenite has been causing chronic inflammation in humans through the
consumption of contaminated well water. In this study, we examined the effects of
arsenite at nM concentrations on the in vitro differentiation of human peripheral
blood monocytes into macrophages using the colony-stimulating factor (CSF).
While arsenite was found to induce cell death in a culture system containing
macrophage CSF (M-CSF), macrophages induced by granulocyte-macrophage
CSF (GM-CSF) survived the treatment, but were morphologically, phenotypically,
and functionally altered. Arsenite-induced cells from human monocytes with GMCSF were small, nonadhesive and dendritic. They expressed higher levels of the
macrophage markers, such as a major histocompatibility complex class II antigen,
HLA-DR, and CD14. These data suggested that arsenic-induced cells were abnormal macrophages (arsenic-induced macrophages; As-Mp). They were more effective at inducing allogeneic or autologous T cell responses and responded more
strongly to bacterial lipopolysaccharide by inflammatory cytokine release as compared to cells induced by GM-CSF alone. On the other hand, As-Mp expressed
lower levels of CD11b and CD54 and phagocytosed latex beads or zymosan particles less efficiently. We also demonstrated that the optimum amount of cellular reactive oxygen species induced by nM arsenite might play an important role in this
As-Mp differentiation. In contrast, the addition of other metallic compounds and
other human arsenic metabolites could not induce the same abnormal cell generation from monocytes with CSFs at any concentration and any additional time
schedules; they showed only simple cytotoxicity in monocytes and macrophages at
n-mM levels accompanied by cell death. This work may have implications in
chronic arsenic poisoning in humans because the total peripheral blood arsenic
concentrations of these patients are at nM levels.
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INORGANIC AND METHYLATED TRIVALENT
ARSENICALS SUPPRESS ADIPOCYTE
DIFFERENTIATION

D. S. Paul1, H. Winter1 and M. Styblo1, 2. 1Nutrition, University of North
Carolina, Chapel Hill, NC and 2CEMLB, University of North Carolina, Chapel
Hill, NC.
Chronic exposures to inorganic arsenic (iAs) have been associated with disruptions
in glucose metabolism and symptoms consistent with non-insulin-dependent
(type-2) diabetes mellitus. Previous work found that arsenite (iAsIII) and its methylated trivalent metabolites, methylarsonous acid (MAsIII), and dimethylarsinous
acid (DMAsIII), inhibit insulin stimulated glucose uptake by differentiated
adipocytes. In addition, iAsIII has been shown to interfere with adipocyte differentiation, suggesting that multiple mechanisms may underlie the diabetogenic effects
of chronic exposures to iAs. This study examines the role of methylated metabolites
of iAs in the inhibition of adipocyte differentiation. Confluent murine 3T3-L1
preadipocytes were exposed for 7 days to non-toxic concentrations of iAsIII (1 or
10 uM), MAsIII (0.1 or 0.5 uM) and DMAsIII (0.1, 0.5, or 1 uM) beginning 12

hours prior to or 24 hours after the induction of differentiation by a mixture of 3isobutyl-1-methylxanthine, dexamethasone, and insulin (MDI). The intracellular
lipid content and glucose transporter-4 (GLUT4) expression were measured as
markers of adipocyte differentiation. In general, the exposures beginning after the
MDI treatment were less effective in inhibiting adipocyte differentiation than those
starting prior to MDI treatment. When started after the MDI treatment the exposures to 1 uM iAsIII, 0.5 uM MAsIII and 1 uM DMAsIII inhibited adipocyte differentiation by 15%, 30%, and 40%, respectively. The same exposures beginning
prior to the MDI treatment decreased the extent of differentiation by about 50%.
These data suggest that trivalent arsenicals disrupt the adipocyte differentiation
program at multiple points, possibly through different mechanisms. Adipose tissue
plays a critical role in the regulation of whole body glucose homeostasis. The suppression of adipocyte differentiation by trivalent arsenicals generated in the course
of in vivo metabolism of iAs may contribute to the diabetogenic effects of chronic
exposure to iAs.

413

TISSUE DISTRIBUTION OF ARSENIC SPECIES IN MICE
CHRONICALLY EXPOSED TO ARSENITE OR
METHYLARSONOUS ACID

V. Devesa1, D. S. Paul1, D. J. Thomas2 and M. Styblo1, 3. 1Nutrition, University
of North Carolina at Chapel Hill, Chapel Hill, NC, 2USEPA, Research Triangle
Park, NC and 3CEMLB, University of North Carolina, Chapel Hill, NC.
The metabolism of inorganic arsenic (iAs) in humans yields toxic and carcinogenic
methyl-As (MAs) and dimethyl-As (DMAs) intermediates. Methylarsonous acid
(MAsIII) is the most acutely toxic species among known iAs metabolites. In this
study, we examined the concentrations of As species in bladder, brain, heart, kidney, liver, lung, pancreas, fat, skeletal muscle and spleen in male C57BLK/6 mice
exposed for 8 weeks to arsenite (iAsIII; 1 or 10 ppm) or MAsIII (0.1 or 1 ppm) in
drinking water and in control mice drinking pure tap water. The As speciation
analysis was carried out in digested tissue homogenates, using hydride generation
atomic absorption spectrometry. Tissues from control mice that were exposed only
to As (mainly iAs) in the diet retained significant amounts of iAs and DMAs.
Exposures to 1 and 10 ppm iAsIII in drinking water increased the tissue concentrations of As species in a dose-dependent manner. Mice exposed to 1 ppm iAsIII retained predominantly DMAs and iAs in all tissues. The lowest concentrations of As
species were detected in the liver. At 10 ppm iAsIII, MAs was a significant metabolite in most tissues and the prevalent metabolite in the kidney. Notably, DMAs concentration in the bladder was an order of magnitude greater than in other tissues.
Compared to controls, mice exposed to 0.1 ppm or 1 ppm MAsIII had significantly
higher concentrations of iAs in the kidney and heart; iAs levels in most other organs
were lower. After exposure to either 0.1 or 1 ppm MAsIII, the highest concentrations of MAs and DMAs were found in the kidney and bladder, respectively. These
data suggest that exposures to both iAsIII and MAsIII result in the accumulation of
MAs in the kidney and DMAs in the bladder. Thus, interactions of MAs and
DMAs with specific targets in these two tissues may represent common mechanisms for adverse effects associated with chronic exposures to both iAsIII and
MAsIII. (This abstract does not reflect U.S. EPA policy.)
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CHARACTERIZATION OF HSF1 AND NRF2 IN THE
TRANSCRIPTIONAL RESPONSE TO ARSENITE

J. F. Reichard and A. Puga. Environmental Health, University of Cincinnati,
Cincinnati, OH.
Active gene transcription necessitates relaxation of chromatin to permit access of
proteins to DNA binding elements. Covalent modification of promoter-region histones occurs concomitantly with gene induction to bring about this relaxation of
chromatin structure. Here we investigate the effects of low-micromolar arsenic
treatment on covalent histone modifications. In microarray experiments, arsenic
mediates induction of a large number of genes suggesting substantial modifications
in chromatin structure consistent with a large number of induced genes. However,
SDS- and AUT-PAGE immunoblots of either crude histone extracts or HPLC purified histones demonstrated that arsenic does not mediate gross changes in the pattern of histone modifications. While these data suggest that arsenic’s effect on gene
expression is not mediated globally through histone modifications, it does not preclude: 1) targeted modification at nucleosomes localized at specific transcription
factor binding sites such that the ratio of arsenic-modified histones is exceedingly
low relative to the total number of identically modified histones; 2) arsenic modulates expression of only euchromatic genes and therefore does not necessitate
changes in histone modifications. To assess these alternatives we have begun to
characterize arsenite’s effect at specific promoter elements. As a first step, arsenic-responsive transcription factors are being identified. Two prominent batteries of
genes coordinately induced by sodium arsenite were those belonging to the antioxidant- and heat shock-responsive gene batteries. Subsequently, induction of representative antioxidant and heat shock genes were characterized with respect to con-

centration, and time course. Both Nrf2 and HSF1, the regulating transcription factors of the antioxidant and heat shock responses, were assessed for arsenic-induced
nuclear localization. These data demonstrated that Nrf2 readily translocates at lowmicromolar concentrations, whereas HSF1 is less responsive to arsenic treatment.
(Supported by NIEHS (2T32ES0725011A15 and P42ES04908) and the NIH
(R01 ES10807))
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TRIVALENT METHYLATED ARSENICALS INDUCE
PROCOAGULANT ACTIVITY THROUGH
PHOSPHATIDYLSERINE EXPOSURE IN HUMAN
PLATELETS

J. Chung1, J. Park3, C. Lee2 and O. Bae1. 1College of Pharmacy, Seoul National
University, Seoul, South Korea, 2Ulsan University Hospital, Ulsan, South Korea and
3
College of Medicine, Chung Ang University, Seoul, South Korea.
Arsenic, an important environmental pollutant, is reported to be associated with
carcinogenicity and cardiovascular disease. Monomethylarsonous acid (MMAIII)
and dimethylarsinous acid (DMAIII), the metabolites of inorganic arsenic, are recently known to be responsible for the toxicity of environmental arsenic. To study
the role of these metabolites in arsenic-induced cardiovascular diseases, we investigated the effects of trivalent methylated arsenicals on procoagulant activity of
human platelets, which is essential in blood clotting, thrombus formation and progression of cardiovascular diseases. MMAIII significantly induced exposure of
phosphatidylserine (PS) to outer membrane, an important mediator of procoagulant activity of platelets, in a time- and concentration-dependent manner.
MMAIII-induced PS exposure appeared to be from the inhibition of flippase activity, mediated by depletion of intracellular ATP and protein thiol. Increase of intracellular calcium and activation of scramblase were not observed, suggesting these
events were not associated with MMAIII-induced PS exposure. Consistent with PS
exposure, MMAIII increased thrombin generation as measured by prothrombinase
complex assay, confirming MMAIII can induce procoagulant activity of platelets.
Another important trivalent methylated arsenical, DMAIII induced platelet procoagulant activity more potently. DMAIII induced flippase inhibition and cellular
ATP depletion similar to MMAIII, but interestingly depletion of protein thiol was
not observed. In conclusion, MMAIII and DMAIII induced procoagulant activity
of platelets through PS exposure. These increased platelet procoagulant activities
might be a major contributing factor in cardiovascular diseases associated with
chronic exposure of arsenic by drinking water.

416

METHYLATION, OXIDATION STATE AND MEMBRANE
PERMEABILITY DETERMINE TOXICITY OF ARSENIC
COMPOUNDS

E. Dopp1, L. M. Hartmann2, U. von Recklinghausen1, S. Rabieh2, A. V.
Hirner2 and A. W. Rettenmeier1. 1Institute of Hygiene and Occupational Medicine,
University of Duisburg-Essen, Essen, NRW, Germany and 2Institute of Environmental
Analysis, University of Duisburg-Essen, Essen, NRW, Germany. Sponsor: G. Alink.
As described by the Challenger Mechanism, mammalian metabolism of inorganic
arsenic is a series of reductions and oxidative methylations meaning that tri- and
pentavalent methylarsenic species are formed. We investigated cyto-/genotoxic effects of arsenate Asi(V), arsenite Asi(III), monomethylarsonic acid MMA(V),
monomethylarsonous acid MMA(III), dimethylarsinic acid DMA(V), dimethylarsinous acid DMA(III) and trimethylarsine oxide TMAO(V) after an extended
exposure time of 24 h and compared the uptake capabilities of fibroblasts (CHO-9)
used for genotoxicity studies, with those of hepatic cells (HepG2). In addition, we
forced cellular uptake of arsenic compounds into CHO cells by electroporation.
Our results show that trivalent arsenicals exerted higher cytotoxic effects than pentavalent species in both cell lines. Furthermore, the methylated trivalent species
MMA(III) and DMA(III) were significantly more cytotoxic than inorganic Asi(III)
or (V). DMA(III) was the most membrane permeable species in both cell lines and
induced strong genotoxic effects in CHO cells. In contrast, MMA(III) was more reactive in HepG2 cells. The uptake of all other arsenic species was relatively low (<1
% by HepG2 and <4 % by CHO cells), but was dose-dependent. Electroporation
increased intracellular arsenic as well as the number of induced MN. With exception of Asi(III) and DMA(III) in CHO, the tested arsenicals were not bound to cell
membranes, but were present in the cytosol. This may indicate the existence of
DMA(III)-specific exporter proteins as are known for Asi(III). It may be hypothesized that the greater genotoxic effects observed in CHO are due to the higher uptake of arsenicals into this cell type. Our results indicate that uptake of arsenic compounds is highly dependent upon both cell type and arsenic species. The degree of
methylation and the oxidation state determine the membrane permeability of arsenicals and finally its toxicity.
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P53 SUPPRESSION OF ARSENITE-INDUCED MITOTIC
CATASTROPHE IS MEDIATED BY P21WAF1/CIP1

B. F. Taylor1, S. C. McNeely1, H. L. Miller1, M. J. McCabe2 and J. States1.
1
Pharmacology & Toxicology, University of Louisville, Louisville, KY and
2
Environmental Medicine, University of Rochester, Rochester, NY.
Arsenic trioxide, an acute promyelocytic leukemia chemotherapeutic, may be efficacious treatment for many forms of cancer. Understanding both the mechanism of
cell death as well as genetic and molecular characteristics associated with sensitivity
to arsenite-induced mitotic catastrophe is key to providing effective decision making for using arsenite as a chemotherapeutic. Arsenite sensitivity correlates with p53
deficiency in multiple cell lines. P53’s role in preventing arsenite induced mitotic
catastrophe was examined in TR9-7 cells, a model cell line using a tetracycline-off
expression system, exogenously regulating p53. Arsenite activated G1 and G2 cell
cycle checkpoints independent of p53, but mitotic catastrophe occurred primarily
in p53(-) cells. Cyclin B/CDC2(CDK1) stabilization and caspase 3 activation persisted in arsenite-treated p53(-) cells consistent with mitotic catastrophe. Z-VADFMK, a universal caspase inhibitor, completely abolished the appearance of mitotic
catastrophe due to arsenite while greatly increasing the mitotic index in both
p53(+) and p53(-) cells. The data suggest that caspase 3 is not only required for arsenite-induced mitotic catastrophe but may play a role in normal exit from mitosis.
P21WAF1/CIP1-siRNA-treated p53(+) cells exhibited cell cycle protein levels and mitotic indices comparable to p53(-) phenotype. WEE1 and p21WAF1/CIP1 inhibit cyclin B/CDC2 by CDC2 tyrosine-15 phosphorylation and direct binding, respectively. CDC2-Y15-P persisted only in arsenite-treated p53(-) cells. Arsenite
induced p53-S15-P and p21WAF1/CIP1 only in p53(+) cells. P53 inducible proteins
such as GADD45α and 14-3-3δ are also capable of inhibiting cyclin B/CDC2 but
do not play a p53 dependent role in mitotic escape in TR9-7 cells. The data indicate p53 mediates cyclin B/CDC2 inactivation and mitotic release directly via
p21WAF1/CIP1 induction. (Supported by USPHS grants R01-ES011314, R01ES06460, F30-ES013372, T32-ES011564, P30-ES01247)
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ARSENIC: A POTENTIAL CHEMOTHERAPEUTIC FOR
MELANOMA

S. C. McNeely, B. F. Taylor and J. States. Pharmacology & Toxicology, University of
Louisville, Louisville, KY.
Arsenic trioxide is an efficacious chemotherapeutic used to treat acute promyelocytic leukemia. Arsenic is also undergoing clinical trials for treatment of other
hematologic malignancies and solid tumors. We are currently examining the potential of arsenic as a drug for the treatment of melanoma. Four melanoma cell lines
were tested for arsenic sensitivity using microscopic examination and AlamarBlue
assay. A375 and SK-Mel-2 cell lines were sensitive to clinically achievable concentrations of arsenite. SK-Mel-3 and SK-Mel-28 cell lines were resistant to arsenite
but were sensitized by pretreatment with buthionine sulfoximine, a glutathione
synthesis inhibitor. The mechanism of arsenic cytotoxicity in arsenite-sensitive
melanoma cells involved mitotic arrest associated with cyclin B stabilization. The
degradation of cyclin B is required for mitotic exit and is mediated by the Anaphase
Promoting Complex (APC). Arsenite exposure reduced levels of CDC27, a subunit
of the APC, potentially inhibiting cyclin B destruction. Arsenite also destabilized
CDC25C, a phosphatase that regulates the activity of the cyclin B/CDK1 complex.
Arsenite initiated apoptosis in sensitive cell lines, as evidenced by caspase 3 and
poly(ADP-ribose) polymerase cleavage. In cultures of arsenite-treated A375 cells
fractionated into adherent and detached portions, cyclin B stabilization and caspase
3 cleavage only occurred in detached cells, 60% of which were mitotic. Exposure of
sensitive cell lines to arsenite in the presence of the pan-caspase inhibitor zVADFMK resulted in an increased percentage of mitotic cells, suggesting that cells arrested in mitosis undergo apoptosis. Neither mitotic arrest nor caspase 3 cleavage
was observed in arsenite-resistant cells lines treated in the presence or absence of
buthionine sulfoximine, suggesting that the mechanism of arsenite cytotoxicity differs from that of sensitive cell lines treated with arsenite alone. (Supported by
USPHS grants R01-ES011314, F30-ES013372, T32-ES011564, R25-CA44789,
P30-ES01247)
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THE ROLE OF LXR/RXR HETERODIMERS IN ARSENICINDUCED ATHEROSCLEROSIS

K. K. Mann, A. S. Padovani, Q. Guo and W. H. Miller. Lady Davis Institute for
Medical Research, McGill University, Montréal, QC, Canada.
Exposure to arsenic increases the risk of cardiovascular disease partially by accelerated foam cell and atherosclerotic plaque formation. Cholesterol homeostasis
within macrophages is regulated in part by the liver X receptor (LXR). The LXR
heterodimerizes with the retinoid X receptor (RXR) to form a transcription factor
that responds to cholesterol metabolites and retinoids resulting in the transcription
of genes involved in reverse cholesterol efflux to remove lipids from macrophages.
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Inhibition of LXR function leads to lipid accumulation and foam cell formation.
We have previously shown that arsenic trioxide (ATO) inhibits nuclear receptors
that heterodimerize with RXR in Cos-1 cells. Therefore, we hypothesized that ATO
inhibits LXR-ligand induced gene expression, contributing to the development of
atherosclerosis. Using the RAW 264.7 murine macrophage as a model system, we
confirmed that ATO inhibited LXR function. In transient transfection assays, ATO
inhibited LXR transactivation of an LXRE-containing reporter construct. ATO
also decreased LXR ligand-induced endogenous expression of ATP Binding
Cassette A1 (ABCA1), a classic LXR target gene. In contrast, ATO had no effect on
cAMP-induced expression of ABCA1, indicating ATO specifically inhibits the
LXR/RXR pathway. Western blotting experiments showed that ATO does not alter
the total levels of RXR. Currently, we are using the chromosomal immunoprecipitation assays to investigate whether ATO changes the promoter occupancy of coregulatory molecules leading to inhibition of transcription.
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ARSENITE INDUCES S PHASE DELAY IN U937 CELLS
VIA DOWNREGULATION OF CDC25A PHOSPHATASE

G. M. Lehmann and M. J. McCabe. Department of Environmental Medicine,
University of Rochester, Rochester, NY.
Arsenite is an effective chemotherapeutic agent in the treatment of certain cancers,
but its mechanism of action is unknown. 5-Bromo-2’-deoxyuridine pulse chase experiments show that arsenite markedly increases S-phase transit time in U937
myeloid leukemia cells. Given the high percentage of S phase cells in a cancer cell
population, it is likely that an effect of arsenite on S phase progression can contribute significantly to overall growth inhibition. The purpose of this study is to
identify potential protein targets of arsenite that play a role in S phase delay.
Cdc25A phosphatase controls S phase progression by dephosphorylating sites of inhibitory phosphorylation (T14 and Y15) on cyclin E-cdk2. Immunoblotting reveals that a 2 h treatment of U937 cells with 5 µM NaAsO2 results in a dramatic
decrease in cdc25A protein levels. Co-immunoprecipitation experiments confirm
that cyclin E-cdk2 is more phosphorylated at T14 and Y15 in the presence of arsenite. Kinase activity assays reveal an arsenite-dependent decrease in cyclin E-associated cdk2 activity. Therefore, depletion of cdc25A by arsenite may contribute to
inhibition of S phase entry and progression. There exists an S phase checkpoint
known to be mediated by phosphorylation and ubiquitin-dependent proteasomal
degradation of cdc25A. However, a time course of concurrent treatment of cells
with cycloheximide and arsenite reveals that cdc25A is not degraded more quickly
upon arsenite treatment, so arsenite doesn’t deplete cdc25A levels via this well-characterized S phase checkpoint. We’ve found by real time RT-PCR that arsenite treatment does reduce the abundance of cdc25A mRNA within much the same time
frame as that seen with cdc25A protein. Nuclear run-on and mRNA half-life assays
and polyribosomal analysis will be used to assess the roles of transcriptional regulation, message destabilization and translational suppression in the mechanism of arsenite-induced cdc25A decline. Future studies will seek to identify a more proximal
target of arsenite responsible for the observed effect on cdc25A levels and S phase
transit.
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CHRONIC LOW DOSE AS(III) TOGETHER WITH
CONTINUOUS HIGH GLUCOSE RESULTS IN A ROSMEDIATED STIMULATION OF HYPERGLYCEMIC
STRESS MARKERS IN ISOLATED ENDOTHELIAL CELLS

M. A. Ihnat1, S. Shakir1, J. E. Thorpe1, L. A. Warnke1, A. Andrew2 and J. W.
Hamilton2. 1Cell Biology, University Oklahoma Health Sciences Center, Oklahoma
City, OK and 2Pharmacology/Toxicology, Dartmouth Medical School, Hanover, NH.
The incidence and severity of diabetic vascular complications has been shown to be
increased in areas of high arsenic exposure. It has also been suggested that an intracellular excess of reactive oxygen species (ROS), superoxide anion in particular,
forms the unifying mechanism in the formation of diabetic complications (Nature
404: 787 (2000)). Our hypothesis, extending from this, is that environmental levels of As(III) act together with high glucose to damage blood vessels through a
ROS-mediated mechanism. In these first studies, human microvascular endothelial
cells (HMEC-1) were exposed to high glucose (30 mM) plus or minus 0.1 µM (75
ppb) As(III) for two weeks and markers of hyperglycemic stress measured. The addition of low-level As(III) to high glucose resulted in additive increases of the mitochondrial pro-apoptotic protein Bax, the pro-inflammatory protein ICAM-1, the
inducible form of nitric oxide synthase iNOS, and the active forms of the cellular
signaling proteins PKC-βII and PKC-δ. In contrast, a lack of additive induction of
poly (ADP) ribose (PAR), a product of the DNA damage-inducible protein PARP,
was observed in response to these same stresses. Finally, the addition of 50 µM
MnTBAP, a cell-permeable SOD-mimetic, reduced the induction of Bax, ICAM-1,
PKC-βII and PKC-δ in response to As(III) and high glucose. Ongoing work is to
assess genome-wide changes in gene expression in response to chronic low dose
As(III) and high glucose and future studies are to extend these findings to an animal model.
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INTERACTION OF ARSENIC WITH WNT/Β-CATENIN
PATHWAYS IN HUMAN COLON CANCER CELLS LINES

R. C. Goytia Acevedo1, E. R. Abril2 and R. Lantz2. 1Facultad de Medicina, Gómez
Palacio, Durango, Mexico and 2Cell Biology and Anatomy, University of Arizona,
Tucson, AZ.
Arsenic, a known human carcinogen, affects the proliferation pathways of a variety
of different cells. However, there is limited information about the association between arsenic exposure and gastrointestinal cancers. Mutations in APC, a negative
regulator of β-catenin, with subsequent aberrant regulation of the Wnt/β-catenin
signalling pathway, are one of the major causes of colorectal cancer. The interactions and effects of arsenic on this pathway are unknown. We have examined this
interaction using stably transfected colon cancer cell lines where APC expression is
under experimental control. HT-29 cell variants were exposed to arsenic (as sodium
arsenite) at 50 and 100 ppb for up to 7 days. The native cell line contains non-functional APC. Two transfected variant cell lines were examined: one contained a wild
type APC under control of the metallothionein promoter; the second contained the
same promoter but with no APC. Cell counts in non-APC expressing cells were
60% higher than those seen with APC, with arsenic exposure leading to increasing
cell counts in a dose dependent manner. However, in cells expressing wild type
APC, 100 ppb arsenite decreased the cell numbers. Degradation of β-catenin, with
inhibition of the Wnt signalling pathway, occurs through phosphorylation of βcatenin. Functional APC is necessary to facilitate this degradation. We therefore
also examined the levels of β-catenin phosphorylation. In the presence of wild type
APC, 100 ppb arsenic lead to a doubling of the levels of β-catenin phosphorylation.
No effect of arsenic on β-catenin phosphorylation was seen in the absence of wild
type APC. Taken together, these data suggest that the functional status of APC affects the interaction colon cancer cells with arsenic. Therefore, ingestion of arsenic
may further exacerbate the effects of mutated APC in the development of colon
cancer. (Supported by NIH grants P50CA095060, P30ES006694 and USAID
HNE-A-00-97-00059-00).
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INITIATION AND PROGRESSION OF
ATHEROSCLEROSIS IN APOE-/- /LDLR-/- MICE
EXPOSED TO ARSENIC IN DRINKING WATER

F. E. Pereira, M. C. Schneider, J. D. Coffin and H. D. Beall. Biomedical and
Pharmaceutical Sciences and Center for Environmental Health Sciences, The
University of Montana, Missoula, Missoula, MT.
Epidemiological studies have shown an association between elevated arsenic levels
in drinking water and cardiovascular disease. We have previously shown that treatment with 10 ppm arsenic in drinking water for 18 weeks exacerbates atherosclerotic plaque formation using a well established animal model of human atherosclerosis, mice deficient in apolipoprotein E and low density lipoprotein receptor
(ApoE-/- /LDLr-/- mice). In the present study, we investigated the time-dependent
effect of arsenic on initiation and progression of atherosclerosis. ApoE-/- /LDLr-/mice were exposed to 10 ppm arsenic in drinking water for 5, 10, 15 and 20 weeks.
Our results revealed a significant increase in the atherosclerotic plaque formation
within the innominate artery at 10 and 20 week time points compared to controls.
Although there was a trend towards an increase at 5 weeks between the arsenictreated group compared to the control group, it was not statistically significant. The
percentage of occlusion in the control group increased from 5-10 weeks but remained relatively stable between 10 and 20 weeks. On the other hand, the percentage of occlusion in the arsenic-treated group increased continuously with increasing
time. In addition, serum IL-6 levels in the ApoE-/- /LDLr-/- mice were significantly elevated in arsenic-treated mice at 20 weeks with an increasing trend at 10
weeks. Arsenic exposure for 20 weeks led to a significant increase in atherosclerotic
plaque formation and serum IL-6 levels in ApoE-/- /LDLr-/- mice, whereas no significant change was observed at early time points. This suggests that arsenic exposure affects progression of atherosclerotic plaque formation in this animal model.
(Supported by NIH grant P20 RR17670).
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MONOMETHYLARSONOUS ACID TRANSFORMS
HUMAN BLADDER CELLS

T. G. Bredfeldt1, X. H. Zheng1, G. S. Watts1, E. A. Mash2 and A. J. Gandolfi1.
1
Pharmacology and Toxicology, University of Arizona, Tucson, AZ and 2Chemistry,
University of Arizona, Tucson, AZ.
Humans exposed to arsenic have an increased risk for the development lung, skin,
and bladder cancer. Ingested arsenicals are methylated to metabolites that have been
detected in urine. Trivalent, methylated arsenic metabolites are more cytotoxic and
genotoxic than inorganic arsenicals. In order to better understand the mechanism
of arsenic-induced carcinogenesis, it is necessary to know which arsenic metabolites
are carcinogenic. To address this goal, non-tumorigenic human urothelial
(UROtsa) cells were chronically exposed to 50 nM monomethylarsonous acid

[MMA(III)]. Cells were monitored for anchorage-independent growth as a sign of
transformation. The first phenotypic change observed in MMA(III)-treated cells
(URO-MSC) was hyperproliferation, which began after 12 weeks of exposure. The
40 % reduction in doubling-time continued to be a feature of URO-MSC cells for
duration of exposure (52 weeks). Anchorage-independent growth was detected
after 24 weeks of exposure by growth in soft agar. To further substantiate that cellular transformation had occurred along with the induction of anchorage-independent growth, RNA was isolated from URO-MSC cells treated for 24 weeks with
MMA(III) and analyzed via c-DNA microarray. Gene array data found gene expression changes to be consistent with transformation, including down-regulation
of genes that regulate cell cycle (cyclin D1), cell adhesion (desmoplakin), and
tumor-related genes (deleted in bladder cancer chromosome region candidate 1).
Similarly, up-regulated genes were also consistent with changes occurring in transforming cells such as increases in genes that prevent apoptosis (TGF-beta-1-induced anti-apoptotic factor), facilitate metastasis (MMP-1), and were tumor-related (epithelial up-regulated in carcinoma and squamous cell carcinoma antigen).
Demonstration of tumorigenicity of URO-MSC cells in SCID mice is underway.
These are the first studies demonstrating MMA(III)-induced cellular transformation of any human cell line (Supported by NIEHS ES04940, ES07091, and ES
06694).
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ARSENITE AND MONOMETHYLARSONOUS ACID
GENERATE OXIDATIVE STRESS RESPONSE IN HUMAN
BLADDER CELL CULTURE

K. E. Eblin1, D. Cromey2, M. E. Bowen1, T. G. Bredfeldt1, E. A. Mash3 and A.
J. Gandolfi1. 1Pharmacology and Toxicology, University of AZ, Tucson, AZ, 2Cell
Biology and Anatomy, University of AZ, Tucson, AZ and 3Chemistry, University of
AZ, Tucson, AZ.
Arsenicals have commonly been seen to induce reactive oxygen species (ROS)
which can lead to DNA damage and oxidative stress. Methylated arsenite metabolites have been shown to cause DNA strand breaks and chromosomal mutations.
UROtsa cells, a non-tumorgenic, immortalized human urothelial cell line, were
used to study the effects of arsenicals on the human bladder, a site of arsenical bioconcentration and carcinogenesis. Biotransformation of As(III) by UROtsa cells has
been shown to produce methylated species, namely monomethylarsonous acid
[MMA(III)], which has been shown to be 20 times more cytotoxic. Free radical
scavengers, such as DMSO, and cellular defense enzymes, such as SOD, can moderately reduce the toxicity produced by arsenicals, particularly MMA(III) in
UROtsa cells. Confocal/differential interference contrast images of UROtsa cells
treated with arsenicals and the oxyradical sensing probe, DCFDA, observed an increase of intracellular oxyradical production within five minutes after 25 µM
As(III) treatment. In contrast, 500 nM MMA(III) required pretreatment for 30
min before inducing the increase in ROS. These arsenical-induced ROS also produced oxidative DNA damage as evidenced by an increase in the amount of 8-hydroxyl-2’-deoxyguanosine (8-OHdG) after a 4-hour treatment with either 10 µM
As(III) and 1 µM MMA(III). Both arsenicals induced at least a four-fold increase in
8-OHdG with As(III) producing more. These findings provide support that arsenite does cause a genotoxic response upon generation of ROS and provide evidence
for a different mechanism of MMA(III) toxicity; one that MMA(III) first interacts
with cellular components before an ROS response is generated. (Supported by NIH
grants ES04940, ES06694, ES07091).
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EXPRESSION OF AS3MT ALTERS TRANSCRIPTIONAL
PROFILES IN HUMAN UROTHELIAL CELLS EXPOSED
TO ARSENITE

S. Hester1, Z. Drobna2, D. Ducharme3, M. Waalkes4, D. J. Thomas1 and M.
Styblo2. 1Department of Nutrition, University of North Carolina, Chapel Hill, NC,
2
USEPA, Research Triangle Park, NC, 3NIEHS, Research Triangle Park, NC and
4
NCI at NIEHS, Research Triangle Park, NC.
Inorganic arsenic (iAs) is an environmental toxin and human carcinogen. The enzymatic methylation of iAs that is catalyzed by arsenic (+3 oxidation state)-methyltransferase (AS3MT) generates reactive methyl-As intermediates that may contribute to the toxic or carcinogenic effects of iAs. We have shown that clonal human
urothelial cells (UROtsa/F35) that express rat AS3MT and methylate iAs are more
susceptible to acute toxicity of iAs than parental UROtsa cells that do not express
AS3MT and do not methylate iAs. The current work examines genomic changes
associated with AS3MT expression and identifies specific categories of genes expressed in UROtsa and UROtsa/F35 cells in response to a 24h exposure to 1 uM or
50 uM iAs. Here, the expression of 21073 genes was assessed using Agilent Human
1A(V2) arrays. ArrayTrack and Ingenuity Software analyses showed that exposure
to 1 uM iAs altered expression of 572 genes in UROtsa/F35 cells as compared to
686 in UROtsa cells. Exposure to 50 uM iAs altered 1578 and 2873 genes in
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UROtsa/F35 and UROtsa cells, respectively. Pathway mapping at 1 uM iAs exposure showed similar responses in both UROtsa and UROtsa/F35 cells; genes involved in cell cycle, maintenance, and growth were altered. However, only
UROsa/F35 cells showed altered profiles for genes regulating cell death and DNA
repair, which may suggest an enhanced susceptibility to iAs. At 50 uM, signaling
and metabolic pathways were altered in both cell lines. However, changes in
UROtsa cells indicated enhanced cell cycling with increases in proliferation and cell
death whereas, changes in UROtsa/F35 cells were consistent with repression in cell
proliferation and survival. These data suggest that AS3MT expression modifies the
genomic responses to iAs exposure in UROtsa cells. Further analysis of these responses will help to characterize the role of AS3MT-catalyzed methylation in modulation of iAs toxicity. (This abstract does not reflect U.S. EPA policy.)
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ACUTE AND CHRONIC EXPOSURE OF
MONOMETHYLARSONOUS ACID TO HUMAN
BLADDER CELLS INDUCES CYCLOOXYGENASE-2

A. J. Gandolfi1, T. G. Bredfeldt2, S. E. Salt1, X. H. Zheng1, N. L. Lane1, G. S.
Watts3, 1 and E. A. Mash2. 1Pharmacology and Toxicology, University of Arizona,
Tucson, AZ, 2Chemistry, University of Arizona, Tucson, AZ and 3Arizona Cancer
Center, University of Arizona, Tucson, AZ.
Studies from our laboratory have shown that human bladder cells (UROtsa), a target of arsenic-induced cancer, can biotransform arsenite to monomethylarsonous
acid [MMA(III)], which is more cytotoxic and capable of transforming the UROtsa
cells following long-term, low-level exposure. UROtsa cells treated with 50 nM
MMA(III) for 24 weeks had a significant induction of genes associated with inflammation, such as tumor necrosis factor alpha (TNF-α)-induced proteins 2 and
3. Cyclooxygenase-2 (COX-2), a product of TNF-α signal transduction, causes hyperplasia in bladder cells and is considered a key biomarker in bladder cancer. To
investigate the role of inflammation in MMA(III)-induced transformation,
UROtsa cells were treated with 50 nM MMA(III) for 12, 24, or 36 weeks and analyzed by western blot for COX-2 induction. COX-2 induction was noted following
chronic MMA(III) exposure and this induction increased with duration of exposure, suggesting that COX-2 plays a role in MMA(III)-induced transformation.
Acute exposure studies found MMA(III) treatment (10, 50, and 100 nM, 4 h) induced COX-2 in UROtsa cells with the lowest doses (10 and 50 nM) causing the
strongest induction. Studies are continuing to determine if COX-2 induction by
MMA(III) is associated with activation of NF- κB, a pro-inflammatory transcription factor. These studies have the promise of correlating MMA(III) exposure to an
inflammatory response that may, in part, provide insight into the mechanism of arsenic-induced bladder cancer (Supported by NIEHS ES04940, ES07091, and
ES06694).
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EFFECT OF ARSENITE ON CELL CYCLE PROGRESSION
AND P53 FUNCTIONALITY IN HUMAN BLADDER
CELL LINE, HT1197

A. Hernandez-Zavala1, 2, E. Cordova3, L. M. Del Razo1, M. E. Cebrián1 and E.
Garrido1. 1Cinvestav, Mexico D.F., Mexico, 2INSP, Cuernavaca, Mexico and
3
UNAM, Mexico D.F., Mexico.
Bladder cancer is one of the most important diseases associated with inorganic arsenic (iAs) exposure in view of its high prevalence and mortality rate. Experimental
studies have shown that iAs exposure induces cell proliferation in the bladder of
mice subchronically exposed to sodium arsenite (iAsIII). However, there is little
available information on its effects on the cell cycle of bladder cells. Thus, our aim
was to evaluate the effects of iAsIII on cell cycle progression and the response of p53
and p21 on the human-derived epithelial carcinoma of the bladder cell line
HT1197. HT1197 cells were incubated with iAsIII (1-10 µM) for 24 h, and the
cell cycle was determined by flow cytometry, p53, p21 and cyclin A levels were analyzed by Western blot. Levels of arsenicals species were analyzed by hydride generation atomic absorption spectrophotometry. Therefore, iAsIII treatment (1-10 µM)
for 24 h induced a dose-dependent increase in the proportion of cells in S-phase,
which reached 65% at the highest dose. A progressive reduction in cell proliferation
was also observed. BrdU was incorporated to cellular DNA in an interrupted form,
suggesting an incomplete DNA synthesis. The time-course of iAsIII effects (10
µM) showed an increase in p53 protein content and a transient increase in p21 protein levels accompanying the changes in S-phase. These effects correlated with iAs
concentrations inside the cells, which were not able to metabolize iAs. Our findings
suggest that the transient increase of p21 was unable to block CDK2/cyclin E complex activity. As a consequence, retinoblastoma is hyperphosphorylated allowing
the transcription of genes regulated by the transcription factor E2F and the progression into the S-phase, staying in this phase by low levels of cyclin A. These
changes will cause a deregulation in the cell cycle, promoting cancer development.
Further studies are needed to ascertain the mechanisms underlying the effects of
iAsIII on the G1 to S-phase transition in bladder.
(Supported by Conacyt grant 38586N)
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INTERACTIONS OF ARSENIC WITH HUMAN
PROSTATE PROGENITOR CELLS
E. J. Tokar1, W. Qu1, M. M. Webber2 and M. P. Waalkes1. 1LCC, NCI at NIEHS,
Research Triangle Park, NC and 2Michigan State University, East Lansing, MI.
Inorganic arsenic is a carcinogenic metalloid commonly found in the environment.
Human exposure to arsenic has been associated with various urogenital cancers, including tumors of the kidney, urinary bladder, ureter and prostate. Our recent work
in CD1 mice shows transplacental arsenic exposure can induce tumors or proliferative lesions at multiple sites in the urogenital system (UGS), indicating that during
fetal exposure stem/progenitor cells may be a key target cell population. The present work sought to investigate interactions of arsenic with progenitor cells of the
UGS. By single cell cloning of the immortalized, normal human prostate-derived,
non-tumorigenic RWPE-1 epithelial cell line, a prostate epithelial stem/progenitor
cell type has been established [Differentiation, Tokar et al. (in press)]. These cells,
termed WPE-stem, show characteristics of stem/progenitor cells that are found in
both the cell populations of the UGS and in the prostate. Stem/progenitor markers
in WPE-stem cells include high expression of p63 and cytokeratin (CK) 5/14, low
CK 18 and androgen receptor expression, high MMP-2 activity, high colony forming efficiency, and steroid-independence for growth and survival. To test our hypothesis that arsenic may target stem cell populations during malignant transformation, initial studies compared the effects of sodium arsenite on WPE-stem cells
to those of the parent line. WPE-stem cells were clearly more resistant to arsenic cytotoxicity with an LC50 (26.8 µM ± 1.6; 48 h), nearly double that of RWPE-1
(15.2 µM ± 1.8). High-level arsenic exposure (30 µM; 24 h) caused a 236% increase in apoptosis in RWPE-1 cells but only a 77% increase in WPE-stem. This
apoptotic resistance in WPE-stem cells is consistent with the acquired arsenic resistance that occurs concurrently during malignant transformation by chronic arsenic exposure. Further studies of the effects of arsenic on this stem/progenitor cell
line are ongoing and may help to define the mechanism of arsenic-induced carcinogenesis in the prostate and UGS.
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ALTERED S-ADENOSYLMETHIONINE METABOLISM
AND GLUTATHIONE PRODUCTION IN THE EARLY
STAGES OF CHRONIC ARSENIC EXPOSURE IN
HUMAN PROSTATE EPITHELIAL CELLS:
IMPLICATIONS IN ARSENIC ADAPTATION
J. Coppin1, L. Benbrahim-Tallaa1, M. M. Webber2 and M. P. Waalkes1. 1LCC,
NCI at NIEHS, Research Triangle Park, NC and 2Michigan State University, East
Lansing, MI.
Inorganic arsenic is a human carcinogen that potentially targets the prostate. We
have developed an in vitro carcinogenesis model in which normal human prostate
epithelial RWPE-1 cells undergo malignant transformation after chronic (29
weeks) low dose arsenite exposure. These transformants become adapted to arsenic
toxicity concurrently with acquisition of a malignant phenotype. To study the role
of arsenic adaptation in transformation, early stage events (≤ 4 weeks) in chronic
exposure were investigated including assessment of glutathione levels and glutathione-related enzymes as well as enzymes in methyl metabolism involving Sadenosylmethionine (SAM) production or related functions. Cells were continuously exposed to 5 µM sodium arsenite and gene expression was assessed by real
time RT-PCR. The chronic arsenic-exposed cells (termed CAsE-PE) showed an
early decrease, at 4 weeks of arsenic exposure, in the expression of four major enzymes in the SAM cycle. These include significant decreases, compared to control,
in S-adenosylhomocysteine hydrolase (21% reduction), betaine-homocysteine
methyltransferase (72% reduction), methionine synthase (50% reduction) and methionine adenosyltransferase 2A (45% reduction). The net effect of these reductions would likely cause SAM depletion. Glutathione reductase was decreased
(79% reduction) in CAsE-PE cells after 4 weeks of arsenic exposure. Levels of glutathione-S-transferase-π, thought to conjugate arsenic with glutathione, were unaltered. However, both total and reduced glutathione levels rapidly increased (84%
and 128%, respectively) with arsenic exposure. Glutathione is considered a key factor in arsenic adaptation and inorganic arsenic may be effluxed as a glutathione
trimer. These data indicate that arsenic impairs methyl metabolism but enhances
glutathione production as part of an early cellular adaptive response. The linkage
between these two events is being furthered examined.
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UROGENITAL CARCINOGENESIS IN FEMALE CD1
MICE INDUCED BY IN UTERO ARSENIC EXPOSURE IS
ENHANCED BY POSTNATAL DIETHYLSTILBESTROL
TREATMENT
M. P. Waalkes1, J. Liu1, J. M. Ward2, D. A. Powell3 and B. A. Diwan4. 1LCC,
NCI at NIEHS, Research Triangle Park, NC, 2NIAID, Bethesda, MD, 3NCI at
Frederick, Frederick, MD and 4SAIC at Frederick, NCI at Frederick, Frederick, MD.
Transplacental inorganic arsenic carcinogenicity together with postnatal exposure
to diethylstilbestrol or tamoxifen was studied. Pregnant CD1 mice received 85 ppm
arsenic in the drinking water from gestation day 8 to 18, and were allowed to give

birth. Groups (n = 35) of female offspring were injected subcutaneously on postpartum days 1 through 5 with diethylstilbestrol (2 µg/pup/day) or tamoxifen (10
µg/pup/day) and observed for 90 weeks. Arsenic alone induced some urogenital
system tumors, including mostly benign tumors of the ovary and uterus, and adrenal adenoma. Diethylstilbestrol alone induced some tumors (primarily cervical) but
when given after in utero arsenic it greatly enhanced urogenital tumor incidence,
multiplicity and progression. For instance, compared to the incidence of urogenital
malignancies in the control (0%), arsenic alone (9%) and diethylstilbestrol alone
(21%) groups, arsenic plus diethylstilbestrol induced a super-additive 48% incidence of malignant urogenital tumors. Of the urogenital tumors induced by arsenic
plus diethylstilbestrol, 80% were malignant, 55% were multiple site, and 60% were
associated with early death. Arsenic plus diethylstilbestrol increased ovarian, uterine, and vaginal tumors, and urinary bladder proliferative lesions, including three
transitional cell carcinomas. Tamoxifen alone did not increase urogenital tumors or
impact arsenic-induced neoplasia but did increase arsenic-induced uroepithelial
proliferative lesions. Uterine and bladder carcinoma induced by arsenic plus diethylstilbestrol greatly overexpressed estrogen receptor-α (ER-α) and pS2, an estrogen regulated gene. In neonatal uteri, prenatal arsenic increased ER-α expression
and enhanced estrogen-related gene expression induced by postnatal diethylstilbestrol. Thus, arsenic acts with estrogens to enhance production of female mouse urogenital cancers.
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GENE EXPRESSION IN NORMAL HUMAN
KERATINOCYTES MODULATED BY TRIVALENT
ARSENICALS

K. A. Bailey, R. D. Owen and S. Thai. US Environmental Protection Agency,
Research Triangle Park, NC. Sponsor: D. Wolf.
Arsenic exposure has been correlated with the development of several human cancers including those found in the skin, lung, liver, kidney and urinary bladder.
Humans are generally exposed to inorganic forms of arsenic, which may be inhaled
or ingested. Arsenic forms mono- and di-methylated metabolites in vivo. Both inorganic and methylated arsenicals are excreted in urine. Two of these methylated
trivalent species, monomethylarsonous acid (MMAIII) and dimethylarsinous acid
(DMAIII) have been shown in cell systems to be more cytotoxic and genotoxic than
trivalent/pentavalent inorganic arsenic and pentavalent methylated forms. The
roles arsenite, MMAIII and DMAIII may play in arsenic carcinogenesis are unknown. We chose normal human epidermal keratinocytes (NHEKs) as a model system to study the contributions of individual trivalent arsenicals to the mode of action of arsenic carcinogenesis. NHEKs are a good model for such studies as 1)
trivalent arsenicals are readily absorbed but not metabolized to more methylated intermediates in these cells and 2) skin cells are a major target cell of arsenic carcinogenesis in vivo. The global gene expression profiles of NHEKs exposed for 24 h to
non-cytotoxic concentrations of inorganic arsenic (sodium arsenite), MMAIII and
DMAIII were studied using Affymetrix® GeneChip Human U133 Plus 2.0 arrays
and Genespring® v.7.2 software. For each arsenical, significantly effected genes
were modulated in a dose-dependent manner. Many of these altered genes were
classified as stress response genes or involved in cell signaling and growth. In arsenite-treated cells, upregulated phase II response genes involved in detoxification were
the dominant feature, which were not upregulated to the same extent by exposure
to MMAIII or DMAIII. Each of the three arsenicals had a distinct expression profile, including some genes that may serve as biomarkers of exposure. Future studies
include determining which signaling pathways are involved in trivalent arsenicalmediated changes in gene expression. [This abstract does not necessarily reflect
EPA policy.]
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DIVERGENT EFFECTS OF VARIOUS METALS ON
HUMAN KERATINOCYTE HOMEOSTASIS

T. V. Reznikova and R. H. Rice. Pharmacology and Toxicology, University of
California - Davis, Davis, CA.
Epidemiological studies have established arsenic as an environmental carcinogen,
yet the mechanism behind arsenic induced cancer is not understood. It is known
that arsenic and metal compounds of vanadate, cadmium, chromate and the metalloid antimony suppress expression of epidermal keratinocyte differentiation markers. In addition, arsenite treatment can preserve the germinative capacity or putative stem cell population of keratinocytes. More recently, we have discovered that
antimony acts similarly to arsenite in preserving the germinative capacity of keratinocytes. To gain further insight into how these compounds act a third endpoint,
cell size, was examined. The cell size of epidermal keratinocytes is proposed to be
associated with their germinative state and differentiation status. Further, it has recently been established that c-myc plays a critical part in controlling epidermal cell
size, since c-myc expression causes exit from the germinative pool. Whether the
aforementioned compounds altered cell size and whether this correlates with c-myc
expression was examined. Keratinocyte size was measured using a Coulter Counter.

In untreated cultures, cell size increased as cells grew past confluence, whereas arsenite or antimony prevented this increase in cell size, paralleling previous results
with preservation of the stem cell population. In contrast, vanadate treated cells
were larger and cadmium and chromate had no effect on keratinocyte size. c-Myc
mRNA, measured by real-time PCR, was also suppressed only by arsenite or antimony treatment. Thus, a decrease in cell size and myc expression correlates with
higher germinative capacity rather than with suppression of differentiation and
only arsenite and antimony alter all of these. These results demonstrate that arsenite and antimony have unique effects on cultured keratinocytes and may give insight into how arsenite disrupts normal keratinocyte function leading to skin cancer. In addition, these results identify antimony as possibly equivalent to arsenic in
biologic effect, which merits further investigation.
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ULTRAVIOLET IRRADIATION AND ARSENITE INDUCE
MITOGEN-ACTIVATED PROTEIN KINASE SIGNALING
AND TARGET PROTEIN ALTERATIONS

K. L. Cooper and L. G. Hudson. College of Pharmacy, UNMHSC, Albuquerque, NM.
The skin is a major target organ for both arsenic and ultraviolet irradiation. UV irradiation (UVR) and arsenic are known to activate the epidermal growth factor
(EGF) receptor and stimulate intracellular signaling cascades. These agents can also
induce signaling via the stress-activated kinases without involvement of EGF receptor activity. In order to investigate the potential synergistic effects of arsenite and
UV irradiation, dose response and time course experiments were performed on cultured human keratinocytes; HaCat (spontaneously immortalized human keratinocytes) cells. Western analyses for proteins involved in mitogen-activated protein (MAP) kinase signaling cascades and downstream transcriptional targets were
performed and pharmacological inhibitors used to determine the relative contribution of EGF receptor-MAP kinase activation, stress-activated signaling and/or reactive oxygen species (ROS) generation in the induction of these proteins. Both UVR
and arsenite induced ROS as observed via dihydroethidium (DHE) staining and
fluorescence microscopy in a dose and time dependent manner, but with differing
kinetics. Western analyses and zymography show activation of the p38 MAP kinase
and induction of the downstream gene products, HO-1 and MMP-9 in response to
24h arsenite treatment. UV irradiation also induced p38 activation and slight upregulation of HO-1. Irradiation of cells pretreated with arsenite for 24h resulted in
activation or upregulation of the proteins of interest to a greater degree than seen
with either treatment alone. These results indicate that arsenite and UVR act synergistically within these human keratinocytes potentially greatly magnifying the tumorigenic potential of these environmentally relevant agents.
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ARSENITE SYNERGISTICALLY INCREASES UV-INDUCED
OXIDATIVE DNA DAMAGE IN HUMAN KERATINOCYTE
BY INHIBITING THE ACTIVITY OF PARP-1

W. Ding, L. G. Hudson and K. Liu. College of Pharmacy, University of New
Mexico, Albuquerque, NM. Sponsor: M. Walker.
Inorganic arsenic is a known human carcinogens. Recent reports demonstrate that
arsenite could act as a co-carcinogen to enhance UV-induced skin cancer. We hypothesize that the inhibition of DNA damage repair by arsenite maybe an important pathway in the observed increase in tumor occurrence. Using 8-OHdG as a
biomarker, we have investigated the effect of arsenite on UV-induced oxidative
DNA damage in human keratinocytes. Our results show that low concentration of
arsenite (2 µM), which did not induce detectable change in 8-OHdG generation
by itself, synergistically increased the 8-OHdG level induced by UV irradiation,
which became apparent 30 min after UV exposure. To determine the potential
mechanism, we focused on the poly (ADP-ribose) polymerase-1 (PARP-1), a zincfinger protein that plays an important role in DNA base excision repair. Using immunoflurescence method to detect the PARP-1 activity, we found that arsenite inhibited UV-induced PARP-1 activation in a concentration-dependent manner,
with concomitant increase in 8-OHdG generation. Furthermore, treating cells with
PARP-1 inhibitor (3-AB) produced very similar results, indicating that arsenite
acted like a PARP-1 inhibitor. Since the zinc-finger motif of PARP-1 is essential for
its binding to damaged DNA, we added Zn(II) to the arsenite-treated keratinocytes. The addition of Zn(II) abolished the enhancement of arsenite on UVinduced 8-OHdG generation, and restored PARP-1 activity in a Zn(II) concentration-dependent manner, indicating that the inhibition of PARP-1 by arsenite may
involve competing of As(III) with Zn(II) for the position in the zinc-finger motif.
In conclusion, our data showed that arsenite acted as a co-carcinogen in UV induced skin cancer by inhibiting base excision repair. Inhibition of PARP-1 activity
by interfering with its zinc finger motif is likely an underlying molecular mechanism. These results are the first demonstration of arsenite’s synergistic effect in UV
induced oxidative DNA damage in human cells.
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CENTROSOME ABNORMALITY AND CELL COLONY
FORMATION (CELL TRANSFORMATION) IN HUMAN
LUNG CELLS INDUCED BY ARSENIC

L. Chang1, W. Liao1, H. Yu2, T. Cheng3 and P. Lin4. 1Division Enviro. Hlth. &
Occup. MED.., Nat’l. Hlth. Res. INST.., Miaoli County, Taiwan, 2Nat’l. Taiwan
University., Taipei, Taiwan, 3Kaohsoung MED.. University., Kaohsiung, Taiwan and
4
Chung Shan MED.. University., Taichung, Taiwan.
Epidemiological studies indicated that residents, especially cigarette smokers, in arseniasis areas were significantly higher in lung cancer incidences than those living in
the general population. Thus an interaction between arsenic and cigarette smoking
in lung cancer development is suspected. p53 mutation in lung epithelial cells is
generally accepted as a consequence in cigarette smoking. Our hypothesis was that
p53 dysfunction (either via mutation or inhibition) would serve as a platform for
arsenic to promote carcinogenesis in human lung epithelial cells. BEAS-2B human
lung epithelial cells, with or without pifthrin (Pif, a known p53 inhibitor) treatment (30uM), and human lung adenocarcinoma cell line H1355 were used in our
investigation. These cells were treated with different doses of arsenic (0, 1, 5, and
10 uM) for 48 hours. Based on our cell viability study, 5-10 uM was selected as our
investigative dose for arsenic exposure. Our study demonstrated that arsenic induced apoptosis and G2/M cell cycle arrest in BEAS-2B cells but not in the H1355
(p53 mutated) or BEAS-2B+Pif (p53 inhibited) cells. Via gamma-tubulin immunostaining technique, we further demonstrated that there were an increased
number of cells in the H1355 and BEAS-2B+Pif cell cultures showing centrosome
abnormalities (existed in multiple numbers and located in atopic positions) with increasing dose of arsenic. Colony formation (an indication of cell transformation)
was also observed in BEAS-2B+Pif cells cultures in soft-agar with arsenic treatment
but not in BEAS-2B cells. Our present study demonstrated that p53- compromised
(dysfunction) cells were more susceptible to arsenic’s promotion on pre-carcinogenic changes (resistance to apoptosis, centrosome abnormality, and cell transformation). Our present findings also echoed and supported the epidemiological observations that arsenic exposure further increased lung cancer risk in cigarette
smokers.

437

ENVIRONMENTAL ARSENIC CONCENTRATIONS
ALTER CALCIUM SIGNALING AND WOUND REPAIR IN
LUNG EPITHELIAL CELLS

S. Boitano1, 2, C. E. Olsen1, A. Liguori1 and R. Lantz3. 1Arizona Respiratory
Center, University of Arizona, Tucson, AZ, 2Physiology, University of Arizona,
Tucson, AZ and 3Cell Biology and Anatomy, University of Arizona, Tucson, AZ.
Epidemiological evidence implicates arsenic exposure in increased incidence of lung
cancer and chronic lung disease. While chronic exposure to moderate and/or high
levels of arsenic in drinking water may lead to the development of lung injury in
humans, the effects at low dose are inferred only through models of high exposure
dose. To further explore arsenic-induced alterations, we exposed confluent
bronchial airway epithelial cell cultures (16HBE) to 25, 50, 100 ppb and 500 ppb
arsenite and monitored wound healing and associated intracellular Ca2+ concentration ([Ca2+]i) changes. Following a 24 exposure to arsenic, the ability of the cells to
undergo mechanical wound repair was inhibited by arsenic exposures of 50 ppb
and greater. Mechanical wounding results in a coordinated increase in [Ca2+]i
among neighboring cells (calcium wave). Arsenic at 100 ppb resulted in a slight decrease in the number of cells involved in the calcium wave. However, the difference
was not significant. Because wound-induced calcium signaling is blocked by
apyrase, we also tested whether arsenite treated cells displayed altered responses to
purinergic agonists. Treatment with 100 ppb arsenite for 24 hours resulted in a significant reduction in the number of cells responding to ATP stimulation. Over
50% of untreated cells responded with increased [Ca2+]i after stimulation with 1
µM ATP. 100 ppb arsenite treatment reduced the percentage of responding cells to
20%. While over 30% of cells responded to 500 nM ATP stimulation, this was reduced to 4% in arsenic treated cells. Taken together, these data indicate that environmental levels of arsenic can reduce purinergic dependent [Ca2+]i signaling and
wound healing in human bronchial epithelial cells. (Supported by NIH grants ES04940 and ES-06694; ALA grant CI-1350-N; USEPA grant R832095).
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EFFECTS OF CHRONIC LOW LEVEL ARSENIC
EXPOSURE ON IMMORTALIZED HUMAN LUNG
BRONCHIAL EPITHELIAL CELLS

K. Divine1, S. Bredow1, D. L. Cook1, D. M. Walker1, V. E. Walker1, J.
Nakamura2 and S. A. Belinsky1. 1Lung Cancer Program, Lovelace Respiratory
Research Institute, Albuquerque, NM, NM and 2Environmental Sciences and
Engineering, University of North Carolina, Chapel Hill, NC.
Inorganic Arsenic (As), is a known human carcinogen that poses a significant risk to
human health. The primary route of exposure is via drinking As contaminated
water. Epidemiological evidence links chronic As exposure to increased carcino-
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genic risk of the lung. However, the underlying molecular mechanisms of As induced lung cancer are not well understood. To investigate potential mechanisms of
As induced lung cancer in humans we have continuously exposed immortalized
human bronchial epithelial cells to environmentally relevant levels (250nM) of
As(III) for 35 weeks. The cells were obtained from Dr. Jerry Shay at the University
of Texas Southwestern Medical Center. They are diploid, non-tumorigenic, and
were immortalized via viral infection to over express both hTERT and cdk4.
Chronic exposure of the cells resulted in a 20% reduction in CpG methylation indicative of global hypomethylation, a significant reduction in Vascular Endothelial
Growth Factor (VEGF) promoter activity (2.3 fold), and mitochondrial DNA mutations (in tRNA3). Alterations in global DNA methylation were determined
using the Methyl Acceptor assay and VEGF-promoter activity was determined by
transfecting the control and 250nM As(III) treated cells with a reporter plasmid
containing the gene for firefly luciferase under the control of the wild type promoter for Vascular Endothelial Growth Factor (VEGF). Mitochondrial DNA mutations were detected using PCR based denaturing gradient gel electrophoresis
(PCR-DGGE). We are currently conducting MSP analysis of the cells to determine
if aberrant promoter methylation has occurred in the p16, DAPK, RassF1A and
O6-MGMT genes. In addition we are also investigating As induced DNA damage.
This study provides a human based model in which to investigate the molecular
mechanisms underlying arsenic induced lung carcinogenesis.
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EFFECT OF AN INACTIVATOR OF GLYCERALDEHYDE3-PHOSPHATE DEHYDROGENASE (GAPDH), A
FORTUITOUS ARSENATE REDUCTASE, ON
DISPOSITION OF ARSENATE IN RATS
Z. Gregus, B. Nemeti and I. Csanaky. Department of Pharmacology and
Pharmacotherapy, University of Pecs, Pecs, Hungary.
The environmentally prevalent arsenate (AsV) is reduced in the body to the much
more toxic arsenite (AsIII). Recently, we have demonstrated that the glycolytic enzyme GAPDH catalyzes the reduction of AsV in presence of glutathione, yet the
role of GAPDH in AsV reduction in vivo is unknown. Therefore, we examined the
effect of α-cholorhydrin (ACH), which forms a GAPDH-inhibitory metabolite, on
the reduction of AsV in rats. These studies confirmed the in vitro role of GAPDH
as an AsV reductase, inasmuch as 3 hrs after administration of ACH (100 or 200
mg/kg, ip) to rats both the cytosolic GAPDH activity and the AsV-reducing activity dramatically fell in the liver, moderately decreased in the kidneys and remained
unchanged in the muscle. Moreover, the AsV reducing activity closely correlated
with the GAPDH activity in the hepatic cytosols of control and ACH-treated rats.
Some confounding effects of ACH prompted us to examine its influence on the
disposition of injected AsV (50 µmol/kg, iv) in rats with ligated bile duct as well as
in rats with ligated bile duct and renal pedicles. These studies demonstrated that the
hepatic retention of AsV significantly increased and the combined levels of AsV
metabolites (i.e., AsIII plus methylated arsenicals) in the liver decreased in response
to ACH; however, ACH failed to delay the disappearance of AsV from the blood of
rats with blocked excretory routes. Thus, the GAPDH inactivator ACH inhibits
AsV reduction by the liver, but not by the whole body, probably because the impaired hepatic reduction is compensated for by hepatic and extrahepatic AsV-reducing mechanisms spared by ACH. It is most likely that ACH inhibits hepatic
AsV reduction predominantly by inactivating GAPDH in the liver, however, a
slight ACH-induced glutathione depletion may also contribute. While this study
seems to support the conclusion that GAPDH in the liver is involved in AsV reduction in rats, confirmation of the in vivo role of GAPDH as an AsV reductase is
desirable.

440

METABOLISM OF ARSENITE IN CULTURED PRIMARY
HEPATOCYTES FROM SIX MAMMALIAN SPECIES
F. S. Walton1, Z. Drobna1, A. W. Harmon1, D. J. Thomas2 and M. Styblo1, 3.
1
Department of Nutrition, University of North Carolina, Chapel Hill, NC, 2ETD,
NHEERL, USEPA, Research Triangle Park, NC and 3CEMALB, University of North
Carolina, Chapel Hill, NC.
Inorganic arsenic (iAs) is an environmental toxin and carcinogen. Biomethylation is
the major pathway for the metabolism of iAs in many mammalian species, including the human. The liver is considered the primary site for iAs methylation and arsenic (+3 oxidation state) methyltransferase (AS3MT) is the key enzyme in this
pathway. However, significant interspecies differences exist in both the rate and the
pattern for in vivo methylation of iAs. To analyze these differences, we examined
the rates and patterns for iAs methylation by primary hepatocytes from human, rat,
mice, dog, rabbit, and rhesus monkey. Here, cultured hepatocytes were exposed to
73As-arsenite (iAsIII; 0.3, 0.9, 3.0, 9.0 and 30 nmol As/mg protein) for 24 hours.
Radiolabeled metabolites in cells and culture media were analyzed by TLC.
Hepatocytes from all six species methylated iAsIII to methyl-As (MAs) and dimethyl-As (DMAs) metabolites. No trimethyl-As species were found. Similar
methylation rates were detected for the lowest iAsIII concentration, regardless of
the source of hepatocyte. At higher concentrations, rat, canine, and monkey hepa-

tocytes were considerably more efficient methylators of iAsIII than murine, rabbit
and human hepatocytes. The low efficiency of murine, rabbit and human hepatocytes to methylate iAsIII was associated with inhibition of DMAs production by
moderate concentrations of iAsIII and with a high retention of iAs and MAs in
cells. No significant correlations were found between the methylation rate and the
thioredoxin reductase activity or glutathione concentration, two factors that influence the in vitro methylation of iAs by recombinant AS3MT. The methylation rate
only poorly correlated with the expression of AS3MT. Thus, other factors are likely
responsible for interspecies differences in the methylation of iAsIII in hepatocytes.
Identification of these factors is the goal of future studies. (This abstract does not
reflect U.S. EPA policy.)
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ARSENIC STIMULATES PRO-ANGIOGENIC GENE
EXPRESSION AND CHANGES IN VASCULAR
ARCHITECTURE IN THE LIVER
A. C. Straub1, D. B. Stolz1, L. R. Klei1, N. V. Soucy2 and A. Barchowsky1.
1
Environmental and Occupational Health, University of Pittsburgh, Pittsburgh, PA
and 2Chemical Institute of Industrial Toxicology, Research Triangle Park, NC.
Arsenic is a well known environmental toxicant that causes a wide range of organ
specific diseases and cancers. Epidemiological evidence shows that drinking arsenic
contaminated water causes vascular remodeling in humans and contributes to the
pathogenesis of liver diseases through poorly defined mechanisms. Chronic low
level exposures to arsenic in mice enhanced angiogenesis and vascular remodeling.
Therefore, we examined the hypothesis that environmentally-relevant exposures to
arsenic promote a program of vascular gene changes in the liver that increases vessel
density and changes vessel structure. Mice were exposed to 0, 50 ppb, 250 ppb, and
500 ppb of sodium arsenite (AsIII) in their drinking water for five weeks. After euthanasia, livers were excised and snap-frozen for quantitative measurements of angiogenic mRNA levels and immunofluorescent localization of protein expression.
Quantitative RT-PCR of total liver RNA demonstrated that 250 ppb of As(III) significantly increased levels of pro-angiogenic VEGF-R1, VEGF-R2, Tie-2, Ang-1
and Ang-2, relative to changes in the HPRT mRNA levels. Immunofluorescent
analysis of 10-micron frozen/fixed tissue sections demonstrated increased angiogenic protein expression that was localized to an increased number of sinusoidal
vessels and that there were substantial changes in sinusoid morphology. Stimulation
of a broad program of angiogenesis and remodeling may explain the complex role
As(III) plays in the progression of organ specific disease, such as liver hepatomeglia,
fibrosis, and possibly cancer. Supported by EPA STAR Fellowship FP-91654201-0
and NIEHS SBRP P4207373.
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IDENTIFICATION OF AN ALTERNATIVELY SPLICED
ISOFORM OF THE HUMAN CYT19 GENE, AN SADENOSYL-L-METHIONINE:ASMETHYLTRANSFERASE
A. J. McNally and D. S. Barber. Center for Environmental and Human Toxicology,
University of Florida, Gainesville, FL.
Inorganic arsenic (iAs) exposure through potable water is a major problem in many
parts of world. Chronic exposure to arsenic (As) is associated with tumors of the
skin, liver, lung, urinary bladder, and prostate. Once in the body, iAs is methylated
to methylarsonic acid (MMA) and dimethylarsinic acid (DMA). It has been shown
that methylated arsenicals that contain trivalent arsenicals are more cytotoxic and
genotoxic than either arsenate or arsenite. The role of methylated arsenic metabolites in toxicity remains unclear. We and others have previously demonstrated that
the human cyt19 gene codes for a protein that catalyzed both arsenite and MMA
methylation. Studies have shown differences in the amount of MMA and DMA excreted in the urine of exposed human populations which may be due to genetic
polymorphisms of arsenic methyltransferase. However, only a single polymorphism
has been identified in the coding region of cyt19 arsenic methyltransferase, which
did not dramatically alter activity. In this study we identified an alternative splice
variant of the human cyt19 (cyt19∆E2), in which exon 2 is removed creating a premature stop codon. This variant was expressed in 7 out of 7 human liver samples
and in HepG2 cells. Alternative splicing is frequently used to regulate human gene
expression. Alternative splicing of cyt19 may represent a novel process for regulating arsenic methylation.
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SHRNA-MEDIATED SILENCING OF AS3MT
EXPRESSION MODULATES THE CAPACITY OF HEPG2
CELLS TO METHYLATE INORGANIC ARSENIC
Z. Drobna1, D. J. Thomas2 and M. Styblo1, 3. 1Nutrition, University of North
Carolina, Chapel Hill, NC, 2EPA, Research Triangle Park, NC and 3CEMLB,
Chapel Hill, NC.
Several methyltransferases have been linked to the oxidative methylation of inorganic arsenic (iAs) in mammalian cells. However, the relative contributions of these
enzymes to the overall capacity of cells to methylate iAs have not been character-

ized. Arsenic (+3 oxidation state) methyltransferase (AS3MT) that is expressed in
rat and human hepatocytes catalyzes all steps in this pathway, yielding mono-, di-,
and trimethylated metabolites that contain arsenic in either +3 or +5 oxidation
states. Here we used post-transcriptional suppression of AS3MT expression by a
short hairpin RNA (shRNA) to examine its role in the metabolic transformation of
iAs in human hepatic cells. Three target 21-nucleotide sequences were selected for
human AS3MT mRNA (NCBI, NM_020682), using a BLOCK-iT RNAi
Designer (Invitrogen). shRNA oligonucleotides designed for each of the target sequences (both sense and antisense) were cloned into a retroviral pSIREN-RetroQ
expression vector (Clontech) that contains a puromycin resistance gene and the
human U6 promoter. The three shRNA expression vectors, as well as an empty
pSIREN-RetroQ vector were used to transduce human hepatocellular carcinoma
(HepG2) cells. Four clonal HepG2 cell lines were established, including
HepG2/shRNA/A,
HepG2/shRNA/B,
HepG2/shRNA/C,
and
HepG2/shRNA/empty. AS3MT mRNA and protein levels were analyzed in each
cell lines using quantitative PCR and immunoblot analysis, respectively. Capacity
to methylate iAs was examined in cells exposed to 73As-arsenite for 66 hours. The
PCR profiles show that the silencing of AS3MT expression was most effective in
HepG2/shRNA/A cells. The rate of iAs methylation was suppressed by 95% in
clonal HepG2/shRNA/A cells as compared to parental HepG2 cells. These results
suggest that AS3MT is the key enzyme in the pathway for methylation of iAs in
human hepatic cells. (This abstract does not reflect U.S. EPA policy.)
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PARENTAL ARSENIC EXPOSURE ALTERS GENE
EXPRESSION IN THE OFFSPRING OF MUMMICHOGS

H. Gonzalez2, 1 and L. J. Bain1, 2. 1Biological Sciences, University of Texas at El Paso,
El Paso, TX and 2Environmental Science and Engineering, University of Texas at El
Paso, El Paso, TX.
Arsenic is present in water bodies around the world as a natural element and as a
contaminant. Exposure to arsenic alters steroid hormones and reproduction in
aquatic organisms, however little is known about its effects on the offspring. This
project investigated altered gene expression in the offspring of mummichogs
(Fundulus heteroclitus), an estuarine fish species, whose parents were exposed to
different arsenic concentrations (300ppb, 1000ppb, and 3000ppb of sodium arsenite) for 10 days immediately prior to spawning. The eggs were allowed to develop
and hatch normally in clean water, and the hatchlings were reared for 6 weeks.
RNA was extracted from the 6-week old hatchlings, and altered gene expression
was examined using a Fundulus macroarray. As the concentrations increased, the
number of genes differentially expressed also increased, going from 23 significantly
different genes at 300ppb to 35 different genes at 1000ppb. The genes that were
upregulated in all exposure groups included genes involved in proteolysis, such
cathepsin S and C, and genes involved efflux transport like the multidrug resistance
protein. The results of this study will enhance our understanding about the mechanisms of arsenic toxicity on reproduction, development, and growth.
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EXAMINATION OF ARSENIC-INDUCED ALTERATIONS
IN CELL CYCLE PROGRESSION AND GLOBAL GENE
EXPRESSION IN P53 TRANSGENIC MOUSE
EMBRYONIC FIBROBLASTS

J. F. Robinson, X. Yu, E. J. Gribble, S. Hong, E. Kim, J. S. Sidhu and E. M.
Faustman. Environmental and Occupational Health Sciences, University of
Washington, Seattle, WA.
Arsenic is ubiquitous in the environment due to natural and anthropogenic sources.
Several human health impacts have been associated with arsenic, including cardiovascular disease, peripheral neuropathy, anemia, congenital malformations and cancer. The mechanism(s) underlying As3+-induced toxicity is poorly understood.
Previous studies have shown that As3+ generates cytotoxicity, cellular stress and alterations in cell cycle progression. In response to toxicant-induced stress, the tumor
suppressor gene p53 promotes activation of genes involved in cell cycle arrest and
apoptosis and may act as an important mediator of arsenic-induced toxicity. To further explore the role of p53 in As3+-induced toxicity and related gene pathways, we
utilized synchronized cultures of p53 transgenic mouse embryonic fibroblasts
(MEFs) to examine dose and time dependent effects on cytotoxicity and cell cycle
progression (BrdU/Hoechst). In addition, we assessed As3+-induced alterations in
global gene expression using the CodeLink Mouse UniSet 10K platform
(Amersham Biosciences) at 24h post-treatment (5µM). Furthermore, we conducted qRTPCR for six selected genes, Gst2a, Cdc25c, Ccnb1, Ube2c, SNCA, and
Uchl1 to confirm our microarray results. We observed As3+-induced dose-dependent cytotoxicity at 24h and time-dependent (8, 24h) induction of genes involved in
mediating As3+-induced stress in both p53+/+ and p53-/- MEFs. We also observed
a significant reduction in cellular proliferation with As3+ irrespective of genotype.
In contrast, at the transcriptional level we primarily only observed changes in genes
controlling the cell cycle in p53+/+ MEFs. In summary, MEFs exhibited As3+-induced cytotoxicity, cytostasis, and p53 independent and dependent alterations in
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gene expression. This study provides insight into the underlying molecular mechanisms of As3+-induced toxicity. Funded by EPA: RD831709010 and NIEHS:
ES09601, ES07033, ES11387 and ES10613.
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EVALUATION OF THE 5/6 NEPHRECTOMIZED RAT
MODEL OF RENAL FAILURE AS A MODEL OF
SECONDARY HYPERPARATHYROIDISM

M. Boyer, D. Farrell, F. Vlasseros, E. Jacquinet, J. Jolette, C. Banks and S. Y.
Smith. Toxicology, Charles River Laboratories Preclinical Montréal, Senneville, QC,
Canada.
The 5/6 nephrectomized rat model of chronic renal failure has been reported to be
an appropriate model to study effects of vitamin D analogues on circulating
parathyroid hormone (PTH) levels and soft tissue calcification. Secondary hyperparathyroidism (hyperplasia of parathyroid glands and increased levels of PTH resulting from decreased vitamin D synthesis) is a common consequence of chronic
renal insufficiency and a major contributor to increased bone resorption found in
renal osteodystrophy. Increased PTH levels cause increases in serum calcium, often
associated with soft tissue calcification. Factors predisposing to this complication
include an increase in plasma calcium x phosphate product, the degree of secondary
hyperparathyroidism, magnitude of alkalosis, and local tissue injury.
Uremia was induced by surgically removing one whole kidney and 2/3 of the remaining kidney of 6-week-old Sprague Dawley rats. Nephrectomy elevated PTH
levels were associated with increases in serum calcium and urinary calcium excretion. Statistically significant increases in serum urea and creatinine were also seen
uremic rats. Necropsies were performed 9 weeks following surgery. Soft tissue mineralization was seen in the kidney, aorta and heart both macroscopically and microscopically. Early evidence of renal osteodystrophy as shown by increases in bone resorption and osteoblastic activity was determined by histomorphometry.
In conclusion, the 5/6 nephrectomy rat model resulted in elevated PTH, increased
serum calcium and calcium excretion, soft tissue mineralization and renal osteodystrophy. This model is considered appropriate for the evaluation of test compounds
on hyperthyroidism secondary to severe renal failure.
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EXPRESSION PROFILES INDUCED BY RENAL
CARCINOGENS IN EKER RATS COMPARED TO
WILDTYP RATS

K. Stemmer1, H. Ellinger2, T. Lampertsdoerfer1, K. Lotz2, H. Ahr2 and D. R.
Dietrich1. 1Environmental and Human Toxicology, University of Konstanz, Konstanz,
Germany and 2Molecular and Genetic Toxicology, Bayer Healthcare AG, Wuppertal,
Germany.
Hereditary RCC (renal cell carcinoma) in the Eker rat model result from a dominant germline mutation in the tuberous sclerosis 2 (Tsc2) tumour supressor gene
that encodes for tuberin protein. Due to an increased susceptibility for the effects of
chemical and physical carcinogens, the Eker rat is discussed as an animal model to
study the mechanism of renal carcinogenesis. This study was designed to 1) find
genes deregulated in both Eker and wild type (WT) rats specific for early events
leading to renal cancer following exposure to the genotoxic nephrocarcinogen aristolochic acid (AA) and to 2) dissociate the effects of chemically induced deregulation from background effects due to the functional tuberin loss.
Eker rats (Tsc2+/-) and WT rats (Tsc2 +/+) were treated with oral doses of AA
(10mg/kg/d) or vehicle (0,1M bicarbonate). After 1, 3, 7, and 14 days of exposure,
three animals from each group were sacrified and the kidneys collected. RNA of the
kidney cortex was isolated and gene expression profiles were analysed on Affymetrix
Rat Genome RAE230A chips. For each rat strain, characteristically deregulated
genes were extracted and then functionally annotated. Eker rats showed 114 significantly deregulated genes after AA treatment compared to 104 genes in WT rats.
Only 21% of these genes were comparably deregulated in both strains. They belonged amongst others to the functional categories of the DNA damage, detoxification and oxidative stress response. In addition, WT rats showed an increased deregulation of cell cycle genes while Eker rats showed more deregulated genes involved
in phase II detoxification processes.
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COMPARATIVE EARLY MOLECULAR RESPONSES TO
CISPLATIN IN HUMAN AND RAT KIDNEY TUBULE
CELLS IN VITRO

B. A. Fowler1, J. K. Babus2, M. M. Lipsky3 and J. A. Flaws2. 1ATSDR, Atlanta,
GA, 2Epidemiology and Preventive Medicine, University of Maryland, Baltimore,
MD and 3Pathology, University of Maryland, Baltimore, MD.
Although cisplatin is a known renal proximal tubule cell toxicant, the early cellular
responses following exposure to this anti-cancer agent are not well characterized in
any species. Thus, the present studies were conducted to compare the effects of cis-
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platin on cellular viability and protein levels in rat and human kidney cells in vitro.
To do so, normal rat kidney (NRK) cells and human kidney cells (20,000
cells/well) were cultured in media containing cisplatin (10-7 to 10-3 M). After culture, the cells were subjected to alamar blue assays to measure viability and to BD
Power Blots or western blots to measure changes protein levels. The results indicate
that cisplatin reduces the viability of NRK and human kidney cells in a dose-dependent manner, but that NRK cells are more sensitive to cisplatin-induced reductions in viability than human kidney cells. The viability of NRK cells was significantly reduced compared to controls with 5x10-5 M cisplatin treatment, whereas
the viability of human cells was not significantly reduced compared to controls
until 5x10-4 M cisplatin treatment (n = 5 for NRK and n = 3 for human cells; p
<0.05). Studies of early changes in protein levels demonstrated both up- and downregulation of a number of proteins in the NRK cells. The proteins that were upregulated by cisplatin (1x10-5 or 5x10-5 M) included: NTF2, caspase-2, caspase 6,
p53, Hsp60, Hsp70, Bid, and Bcl-x. The proteins that were most markedly downregulated by cisplatin included: calreticulin, Cdk1/Cdc2, Hsp40, and Hsp10. In
contrast, cisplatin (1x10-5 or 1x10-4 M) did not affect levels of HSP 70 in human
kidney cells. The results of these studies suggest that a number of apoptotic regulatory and cell signaling processes are altered by cisplatin in vitro, and that NRK cells
are more sensitive to cisplatin than human kidney cells. Supported by NIH
CA097421.
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A NOVEL METHOD FOR THE IN SITU EVALUATION
OF PROXIMAL TUBULAR EPITHELIAL CELL VIABILITY
USING ETHIDIUM HOMODIMER

E. Diamantakos, J. Edwards, J. D. Peuler, A. R. Carnes, P. C. Lamar and W. C.
Prozialeck. Pharmacology, Midwestern University, Downers Grove, IL.
Ethidium homodimer is a cell-membrane impermeable nuclear fluorochrome that
has been widely used to assess the viability of various types of cells in culture. As
part of our ongoing research to identify the mechanism by which cadmium (Cd)
produces its nephrotoxic effects, we have developed a novel method to assess renal
cell viability that involves perfusing ethidium homodimer through the intact kidney. Rats were treated with either saline vehicle alone or sub-chronic Cd (0.6mg/kg,
5 days per week, sc) for 6 weeks. As a positive control for detecting cell death, other
rats were treated with 3.5, 1.75 and 0.87 mg/Kg mercuric chloride (HgCl2, ip) for
24 hrs, treatments that have been shown to cause necrosis of the proximal tubule
epithelium. At the end of the respective treatment periods, ethidium homodimer (5
µM) was infused (3 ml/min for 10 min) into the left intact kidney while the animal
was anesthetized. The kidney was then perfused with a physiologic saline solution,
removed, placed in embedding medium, frozen and cryosectioned at a thickness of
5µm. Sections were permeablized with -20°C methanol then stained with 4’-6-diamidino-2-phenylindole,dihydrochloride (DAPI) to label total nuclei. Total cell
number was determined in each field based on DAPI staining and the number of
dead cells was determined by the fluorescence of ethidium homodimer labeling in
the nuclei of dead cells. No significant differences in percent cell viability was detected in control and Cd-treated rats, 99.7 ± 0.13% and 99.4 ± 0.14%, respectively. However, there was a dose-dependent decrease in cell viability 24 hr post-injection of HgCl2, with 28.1% viable cells for 3.5 mg/Kg HgCl2. Furthermore, the
dead cells appeared to be localized to proximal tubule epithelium within the renal
cortex of the HgCl2-treated rats. This novel in situ viability assay allows for the determination of cell specific nephrotoxic injury in the intact kidney under physiologic conditions. Supported by grant RO1 ESO-06478 from the NIEHS.
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TOXICOPROTEOMICS STUDY ON 3-MCPD-INDUCED
NEPHROTOXICITY IN RATS

Y. Yum, S. Kim, D. Jang, S. Kim, M. Hwang and D. Cho. Department of
Toxicological Research, National Institute of Toxicological Research, Seoul, South
Korea. Sponsor: J. Chung.
3-Monochloropropane-1,2-diol(3’-MCPD) is a contaminant of acid-hydrolyzed
vegetable proteins, malts and soy sauces. The toxicity of 3-MCPD were found as
kidney cortex tubular necrosis and proximal tubular degeneration in kidney tissues.
The objective of this study is to find out related proteins and to understand the
toxic mechanism in MCPD-induced nephrotoxicity. The kidney cortex region of
SD rats which were administered with 3-MCPD by oral gavage, was seperated by
2-dimensional electrophoresis with pH 3-10 NL IPG, and analysed by imageanalysis. The proteins up- or down-regulated in 3-MCPD-induced toxicity were
comparatively analysed, and were identified by MALDI-OF-MS. ATP synthase
beta chain, dnaK-type molecular chaperone, hsc73, gro EL precursor, vimentin,
tropomyosinwere up-regulated, and pyruvate dehydrogenase (lipoamide) betachain, calbindin, ornithine aminotransferse were down-regulated in the MCPDtreated kidney cortex. These proteins may be used as biomarkers of MCPD to understand nephrotoxicity mechanism.
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COMPARISON OF RESPONSE TO CISPLATIN
TREATMENT IN RAT AND PRIMATE PRECISION CUT
RENAL CORTICAL SLICE CULTURES

A. G. Aslamkhan. Safety Assessment, Merck & Co., Inc., West Point, PA. Sponsor: N.
Bhandari.
Cisplatin is a potent chemotherapeutic agent used in treatment of multiple classes
of neoplasms. However, its use is often dose-limiting due nephrotoxicity. The purpose of this study was to characterize the toxicity response to cisplatin in a primate
and rodent in vitro model, namely precision cut renal cortical slice cultures. Unlike
other primary culture models, this model maintains the 3-dimensional cell/matrix
interactions found in the kidney in vivo. Precision cut renal cortical slices (approximately 300 µm in thickness) were prepared from male Sprague-Dawley rats or rhesus monkeys (Macaca mulatta) and cultured on screens in a roller incubator for 24
hours with cisplatin (0-200 µM). Two hours before harvesting slices, radiolabeled
3
H-leucine and 14C-tetraethylammonium chloride (14C-TEA) were added to the
media. After the incubation period, slices were harvested in 10% trichloroacetic
acid and multiplexed assays of cellular function were performed. Intracellular levels
ATP and GSH, organic cation transport (14C-TEA uptake), protein synthesis (3Hleucine incorporation into acid insoluble fraction) and lactate dehydrogenase release into media were evaluated. Changes in biochemical indices over the cisplatin
dose range reflecting toxicity (decreased ATP, GSH, organic cation transport, and
protein synthesis; increased lactate dehydrogenase release) were observed for both
rat and primate renal cortical slice cultures. However, the cisplatin-induced effects
were markedly more potent in slice cultures obtained from the rat with effects occurring at lower doses than seen in primate slice cultures.
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MECHANISM OF INCREASED CELL DIVISION AND
PROTECTION OF MICE AGAINST S-1,2DICHLOROVINYL-L-CYSTEINE-INDUCED ACUTE
RENAL FAILURE AND DEATH

M. C. Korrapati1, J. Chilakapati1, E. A. Lock2, J. R. Latendresse3, A.
Warbritton3 and H. M. Mehendale1. 1Toxicology, ULM, Monroe, LA, 2BMS,
LJMU, Liverpool, United Kingdom and 3NCTR, Jefferson, AR.
A priming low dose of S-1,2-dichlorovinyl-L-cysteine (DCVC) increases G1 to Sphase clearance of the cell cycle due to the upregulated expression of phosphoretinoblastoma protein (P-pRB) that persists even after exposure to a lethal dose of
DCVC in mice (Korrapati et al., Am. J. Physiol. Renal Physiol. 289, 2005). The objective of the present study was to test if the administration of colchicine (CLC), an
inhibitor of cell division, abolishes protection via down regulation of P-pRB leading to progression of injury and death. One group of mice received a low dose of
DCVC (15 mg/kg, ip) at 0 h followed by vehicle treatment (distilled water {DW},
10 ml/kg, ip) at 42 & 66 h prior to receiving a lethal dose (75 mg/kg, ip) at 72 h. A
second group of mice received CLC (1.5 mg/kg, ip) instead of DW at 42 & 66 h,
all other treatments remaining the same. Mice receiving CLC alone and appropriate vehicle were maintained as the controls. CLC intervention abolished autoprotection as evidenced by progression of DCVC-initiated proximal tubular cell (PTC)
necrosis, acute renal failure, and death. CLC abolished renal cell division stimulated
by the low dose of DCVC via protein phosphatase-1 (PP-1)-mediated dephosphorylation of P-pRB. S-phase stimulation was markedly inhibited as assessed by BrdU
pulse labeling. Consequently, PTC necrosis initiated by DCVC progressed as assessed by histopathology of H&E stained kidney sections and by plasma BUN and
creatinine after CLC intervention. Neither the mice receiving CLC alone nor the
other control mice showed any adverse effects. Higher G1 to S phase clearance by
increased P-pRB by the low dose priming is the key mechanism behind sustained
stimulation of renal cell division in autoprotection. These mechanistic findings suggest that phosphorylation events are crucial to cell division and may be availed for
potential pharmacotherapeutic modulation to restore lost PTC structure and function. (Supported by DK 61650).
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EVALUATION OF OXIDATIVE DAMAGE AND RENAL
DISTAL TUBULAR ANTIOXIDANT ENZYME RESPONSE
FOLLOWING EXPOSURE TO LINDANE

A. L. Piskac and M. A. Smith. Environmental Science, University of Texas-Houston
School of Public Health, Houston, TX.
Lindane (LIN), or gamma-hexachlorocyclohexane, is known to cause central nervous system (CNS), immune, cardiovascular, reproductive, liver, and kidney toxicity.
In other organ systems, LIN causes cellular damage by generation of free radicals
(ROS) and oxidative stress. The mechanistic action of LIN on the kidneys is not
well understood. LIN-induced renal injury is targeted to the distal tubule. Previous
research in our laboratory has shown that LIN causes apoptosis in distal tubule

cells, and delays renal stress response under hypertonic stress. To determine whether
exposure to LIN results in oxidative damage and dysregulation of antioxidant enzyme function in renal distal tubule cells, MDCK cells were treated with vehicle
(DMSO), an oxidant-stress inducing compound, H2O2 (0.05 mM), LIN (0.1 uM0.1 mM) for 15 and 30 min,1, 2, and 4 hrs. Morphological alterations were assessed for cellular damage for all time points. LIN induced time- and concentration-dependent morphological changes associated with apoptosis. Untreated
control and DMSO showed no morphologic changes. Oxidative injury was evaluated in live cells using the probe, 2’,7’-dichlorofluorescin diacetate (DCF-DA), to
detect generation of ROS. LIN induced a concentration-dependent increase in
ROS generation as compared to the untreated control. At 15 minutes, peak generation was seen, with time-dependent decline in ROS. Total glutathione (GSH) was
measured spectrophotometrically at 15 and 30 min, 1-hr and 2-hr time points.
Compared with untreated controls, elevated GSH was noted for LIN and H2O2treated cells for all time points. LIN induced early apoptotic changes at 30 min
post-treatment, following the peak in ROS production at 15 min. The initial spike
in GSH levels was not unexpected. Further evaluation of antioxidant dysregulation
beyond 2 hrs will be necessary to determine if increased ROS production is related
oxidant stress after LIN exposure.
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COMPARISON OF ZUCKER OBESE AND LEAN RATS
SUSCEPTIBILITY TO RENAL TOXICANTS IN VITRO

M. Valentovic, W. McCumbee and R. G. Morrison. Pharmacology, Marshall
University School of Medicine, Huntington, WV.
Obesity is a growing health problem in the United States. Unfortunately, very little
is known regarding the susceptibility to renal toxicants in obesity. The following
project investigated whether renal toxicity was different in lean versus obese rodents. Male Zucker (3 months old) rats were used for all studies. Age matched lean
Wistar rat counterparts were used as the lean group. Rats were anesthetized with ketamine/xylazine, blood was collected via cardiac puncture. The kidneys were isolated, decapsulated and placed in ice cold Krebs buffer. The kidneys were rinsed,
quartered and maintained in cold buffer at all times. Renal slices were prepared and
rinsed 3 times each for 3 m in at 25oC. Renal slices were exposed for 60-120 min
to 0, 0.25 or 0.5 mM tert-butyl hydroperoxide (tBHP). tBHP increased leakage of
lactate dehydrogenase (LDH) in a dose dependent manner in lean and obese rats.
LDH leakage was increased above vehicle treated tissue by 0.25 and 0.5 mM tBHP
in the obese rat. LDH leakage was increased above vehicle by 0.5 mM tBHP in the
lean rats. Glutathione (GSH) levels were depleted rapidly by tBHP. GSH levels
were diminished by 50% in the obese rat tissue exposed to 0.5 mM t BHP. Renal
slices from lean rats showed a 25-30% decrese in total GSH. These reuslts indicate
that differences exist between lean and obese rats for susceptibility to tBHP. Renal
tissue from obese animals were more susceptible to renal toxicity and oxidative
stress when compared to their lean age matched group.

455

PROTEIN BINDING OF 2’-METHOXYETHYL (MOE)
ANTISENSE OLIGONUCLEOTIDES (ASO) AND RENAL
ACCUMULATION

T. A. Watanabe, G. Riley, R. S. Geary and A. A. Levin. ISIS Pharmaceuticals,
Inc., Carlsbad, CA.
Scope: Liver and kidney are the organs that accumulate the highest concentrations
of 2’MOE ASO independent of sequence. In vitro/In vivo relationships were explored to evaluate if plasma protein binding will predict differences in tissue uptake
for different sequences of antisense oligonucleotides (ASOs) within the same chemical class.
Methods: An in vitro ultrafiltration method was used to determine protein binding
capacity in plasma across species for various sequences of 2’-MOE ASOs. In vivo
biodistribution studies were conducted to measure oligonucleotide concentrations
in rat and monkey kidneys, which were determined by capillary gel electrophoresis.
The plasma binding data relationship is compared with ASO concentration in liver
and kidneys of rats and monkeys.
Results: Greater than 85% of the 2’-MOE partially modified phosphorothioate
ASOs were bound to whole plasma proteins in all species evaluated (mouse, rat,
monkey, human). Within this chemical class of ASOs (2’ MOE), it is evident that
protein binding is sequence dependent. The current dataset describes an inverse relationship between plasma protein binding and rat and monkey kidney concentrations without a clear relationship to liver distribution.
Conclusion: Plasma protein binding may provide a predictive screen for ranking
which ASO candidates can potentially accumulate in the kidney. The advantage for
identifying the ASOs that are high renal accumulators will provide valuable selection criteria when evaluating renal toxicity or targeting for pharmacology.
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UPTAKE AND EFFECTS OF ANTISENSE
OLIGONUCLEOTIDES ISIS 141923 AND 107772 IN
RENAL PROXIMAL TUBULAR CELLS

G. R. Kinsey1, S. P. Henry2 and R. G. Schnellmann1. 1Pharmaceutical Sciences,
Medical University of South Carolina, Charleston, SC and 2ISIS Pharmaceuticals,
Carlsbad, CA.
Antisense oligonucleotides have potential therapeutic uses in many pathological situations including infection, cancer and inflammation. One property common to
all phosphorothioate oligonucleotides is their accumulation in renal proximal tubular cells when administered systemically. Studies were conducted to determine the
effects of two different phosphorothioate oligonucleotides (ISIS 141923 and
107772) on cell viability, mitochondrial function and lipid peroxidation in primary
cultures of rabbit renal proximal tubular cells (RPTC). Confluent RPTC were
treated with 141923 or 107772 (0 to 300 µM) for 1 and 2 days or each day for 5
and 10 days. Uptake of the oligonucleotides (100 µM) in RPTC was confirmed
using a TAMRA-labeled oligonucleotide and laser scanning confocal microscopy
and reached 2 µg/mg of protein after 5 days. No increase in cell death, as assessed
by annexin V and propidium iodide staining, was observed after 24- or 48-hour exposure to either oligonucleotide at concentrations up to 300 µM. Cytotoxicity,
measured with the MTT assay, was not observed following 5- and 10-day exposures
at concentrations up to 300 µM. Basal and uncoupled oxygen consumption were
measured to assess the effect of 141923 and 107772 on mitochondrial function in
RPTC. Oxygen consumption was unchanged after 5 and 10-day exposures to the
oligonucleotides at 300 µM. Lipid peroxidation was measured as the production of
thiobarbituric acid reactive substances (TBARS). Whereas tert-butyl hydroperoxide
induced 3- to 4-fold increases in TBARS, treatment with 141923 or 107772 for 5
and 10- day exposures had no effect. In conclusion, RPTC accumulate phosphorothioate oligonucleotides, but do not exhibit any cell death, mitochondrial toxicity or increase in lipid peroxidation over 10 days at concentrations up to 300 µM.

457

IDENTIFICATION OF RENAL PAPILLARY NECROSIS
USING AN EIA FOR URINARY RENAL PAPILLARY
ANTIGEN-1 (RPA-1): A BIOMARKER OF COLLECTING
DUCT PATHOLOGY

A. Roche1, G. Elliott1, C. Kilty1, M. Shaw1 and F. Falkenberg2. 1Biotrin
International, Dublin, Ireland and 2CIRES GmbH, Dortmund, Germany. Sponsor:
J. McKim III.
Renal Papillary Necrosis (RPN) is a frequent issue encountered in drug development, yet there is still no reliable non-invasive method available for its early detection. To enable rapid identification of RPN in rats, a sandwich capture EIA was developed for urinary Renal Papillary Antigen-1 (RPA-1). RPA-1 is a biomarker
localised to the luminal epithelial cells of the collecting duct and monoclonal antibodies specific for it were discovered via immunohistological screening
(Histomics®). The RPA-1 EIA developed could detect RPA-1 in urine collected
from controls and from rats treated with various papillotoxins. Histopathology
studies confirmed urinary RPA-1 to be a sensitive and specific biomarker of collecting duct injury. Levels of RPA-1 in urine samples collected from control animals
and those treated with papillotoxins were significantly different, typically differing
by a factor of four, or more. Inter and intra-assay CVs were less than 18% and 7%,
respectively, indicating the assay to have good reproducibility. Thus, detection of
urinary RPA-1 by EIA provides a sensitive, specific and reproducible method for
the detection of RPN in rats. Future studies will focus on the development of an
analogous assay for humans.

458

PATHOPHYSIOLOGICAL STUDIES ON CANINE RENAL
PAPILLARY NECROSIS INDUCED BY NEFIRACEATM

Y. Tsuchiya1, Y. Tominaga2, S. Takada1, K. Yabe1, T. Jindo1, K. Furuhama1 and
K. T. Suzuki3. 1Drug Safety Research Laboratory, Daiichi Pharmaceutical Co., LTD.,
Tokyo, Japan, 2Research Technology Center, Daiichi Pharmaceutical Co., LTD.,
Tokyo, Japan and 3Department of Toxicology and Environmental Health, Graduate
School of Pharmaceutical Sciences, Chiba University, Chiba, Japan.
The neurotransmission enhancer nefiracetam caused renal papillary necrosis (RPN)
only in dogs given a large amount (over 180 mg/kg/day) of nefiracetam. Although
various kinds of compounds such as analgesic and non-steroidal anti-inflammatory
drugs have been known to evoke RPN, the underlying mechanisms have not been
fully understood because the process of renal damage is generally insidious and the
renal function is often severely compromised before the condition becomes obvious. Therefore, to elucidate characteristics of nefiracetam-induced RPN and its
possible mechanisms, the following serial experiments were performed; 1) timecourse profiles of urinary indicators in dogs given nefiracetam at 300 mg/kg/day for
8 to 11 weeks, 2) toxicokinetics in rats, dogs and monkeys given nefiracetam at 180
mg/kg/day for 3 weeks, 3) prostaglandin synthesis in canine renal papillary slices, 4)

94

SOT 2006 ANNUAL MEETING

urinary protein and renal papillary gene expression analyses in dogs given nefiracetam at 300 mg/kg/day for 11 weeks and 5) early pathophysiological feature in dogs
given nefiracetam at 300 mg/kg/day for 4 to 7 weeks. As results, urinary osmotic
pressure, volume and lactate dehydrogenase were useful indicators for the onset of
RPN. Changes in renal clusterin mRNA reflected the progression or severity of
RPN, whereas upregulation of tissue kallikrein mRNA played a subsequently compensating role in the prevention of RPN. As a mechanism of this RPN, nefiracetam
first altered cellular integrity of ductal epithelia in the renal papilla and consequently M-18, a metabolite of nefiracetam, penetrated and retained into the renal
papilla. M-18 inhibited renal papillary prostaglandin synthesis leading to induction
of ischemic injuries only in dogs having the lowest basal prostaglandin synthesis.

459

DIETARY EFFECTS ON CELL PROLIFERATION AND
APOPTOSIS IN P-NONYLPHENOL (NP) INDUCED
POLYCYSTIC KIDNEY DISEASE (PKD) IN MALE
SPRAGUE-DAWLEY RATS

S. M. Cooper1, X. Fu1, L. Muskhelishvili2, J. R. Latendresse2 and K. B. Delclos1.
1
National Center for Toxicological Research, Jefferson, AR and 2Toxicologic Pathology
Associates, Jefferson, AR.
Previous data show dietary NP (2000 ppm) from gestation day (GD) 7 induced
PKD by postnatal day (PND) 50 in rats. Dietary modulation occurred as rats fed
soy-free diets (5K-96 and AIN-93G with casein (AIN-CAS)) had higher relative
kidney weight, larger cyst area, and higher incidence and severity of PKD than rats
fed soy containing diets (AIN-93G with soy protein isolate (AIN-SPI) and Purina
5001(P5001)). As aberrant apoptosis and cell proliferation have been associated
with PKD, we investigated the potential role of the modulation of these processes
in diet-dependent NP-induced PKD. Weanling rats were raised on one of the four
diets and mated within diet groups. 2000 ppm NP was introduced in the feed of
half of the dams GD7 while half continued on control diets. After parturition and
weaning, pups continued the same treatment as their dams until sacrifice on PND
14, 21, or 50. Cell proliferation was detected by immunohistochemical staining for
Ki-67 antigen and numbers of apoptotic bodies (ApBs) were measured by TUNEL
assay in renal sections. ApBs could not be counted at PND 50 due to large necrotic
areas in severely affected pups, and there were no significant treatment effects on
cell proliferation at PND 50. Neither diet nor NP affected cell proliferation in
PND 14 pups. There was a significant main effect (decrease) of NP on cell proliferation at PND 21, but no pairwise comparisons within diet groups were significant.
In both PND 14 and PND 21 pups, there was a main effect (increase) of NP on
ApBs, and pairwise comparisons indicated that NP induced significant increases in
ApBs relative to controls only in the soy-free diet groups. While there were significant main effects of NP (decrease) on the ratio of cell proliferation to ApBs at PND
14 and 21, there was no consistent difference among the diet groups. The data suggest that induction of apoptosis by NP in renal tubules of young male rats fed soyfree diets precedes the development of PKD.
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MITOCHONDRIAL DYSFUNCTION IN S-(1,2DICHLOROVINYL)-L-CYSTEINE (DCVC)-INDUCED
APOPTOSIS AND NECROSIS IN HUMAN PROXIMAL
TUBULAR CELLS

L. H. Lash, I. Papanayotou, D. A. Putt and F. Xu. Pharmacology, Wayne State
University. Sch. MED.., Detroit, MI.
Confluent, primary cultures of human proximal tubular (hPT) cells were used as a
model system to determine the relationship between mitochondrial dysfunction
and cell death induced by DCVC, a nephrotoxic metabolite of the environmental
contaminant and putative renal carcinogen trichloroethylene (TRI). Previous studies showed that DCVC causes cellular necrosis only at relatively high doses (> 100
µM) and long incubation times (> 24 hr) whereas both apoptosis and enhanced cellular proliferation occur at relatively low doses (10–100 µM) and early incubation
times (2–8 hr). Exposure of hPT cells to DCVC is also associated with a marked
decrease in cellular concentrations of ATP. hPT cells were preincubated for 30 min
with cyclosporin A (CsA; 0.5 nmol/mg protein), an inhibitor of the mitochondrial
permeability transition. Cells were then incubated with 0, 10, 50, or 100 µM
DCVC for 2, 4, 6, or 24 hr. DCVC caused a modest, time- and dose-dependent increase in the fraction of cells undergoing apoptosis, as assessed by flow cytometry
using either flow-activated cell sorting or annexin-V staining. CsA prevented the
increase in apoptosis with 10 or 50 µM DCVC but increased apoptosis with 100
µM DCVC. Necrosis, as determined by release of lactic dehydrogenase, was only
observed in cells incubated with 100 µM DCVC for 24 hr, and was diminished by
CsA. CsA also prevented the decrease in membrane potential due to 50 µM
DCVC, as determined by JC-1 fluorescence, and diminished the decrease in cellular concentrations of ATP. We conclude that mitochondrial dysfunction plays a
central role in controlling the response of hPT cells to DCVC and that inhibition

of the mitochondrial permeability transition shifts this response from necrosis to
apoptosis at relatively high doses of DCVC or from apoptosis to protection at relatively low doses of DCVC. (Supported by NIH Grant ES08828.)
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MITOCHONDRIAL LOCALIZATION OF OXYGENREGULATED PROTEIN 150 (ORP150)

D. Arrington and R. G. Schnellmann. Pharmaceutical Sciences, MUSC,
Charleston, SC.
The oxygen-regulated protein 150 (ORP150) is an inducible endoplasmic reticulum (ER) chaperone molecule that undergoes up-regulation after numerous cellular
insults, such as hypoxia, serum starvation, and tunicamycin treatment. Other studies have shown a cytoprotective role for ORP150 in renal, neural, and cardiac models of ischemia/reperfusion injury. It has been postulated that ORP150 plays an important role in maintaining cellular calcium homeostasis and, in turn, regulating
calpain activity. In this study, we identified ORP150 in both the ER and mitochondrial subfractions of rat renal cortex using immunoblot analysis. Examination
of the N-terminal amino acid sequence revealed a putative mitochondrial targeting
sequence. Construction of plasmids encoding full-length ORP150 and its N-terminal 13 amino acids linked to GFP and transfection of NIH-3T3 cells revealed mitochondrial localization of GFP. Mitochondrial ORP150 levels increased in COS-7
cells after exposure to hypoxia, tunicamycin, ethidium bromide, and serum starvation. Induction of a mitochondrial specific stress response in COS-7 cells with an
ornithine transcarbamylase mutant (∆OTC) induced ORP150 levels in both mitochondrial and ER subfractions. ORP150 was degraded in a calcium and calpaindependent manner in isolated rat renal cortical mitochondria. These data reveal a
novel cellular localization for ORP150, the identification of the ORP150 mitochondrial targeting sequence, mitochondrial upregulation of ORP150 following
cellular stress and that ORP150 is a substrate for mitochondrial calpain. ORP150
may play a role in mitochondrial protection.
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COMPARISON OF THE NEPHROTOXICITY OF
IMMUNOSUPPRESSIVE DRUGS IN RATS USING GENE
EXPRESSION ANALYSES

Q. Huang1, T. Auman2, B. Knight1, R. Paules2, K. Blanchard1 and S. Jayadev1.
1
Toxicology and Safety Assessment, Boehringer Ingelheim, Ridgefield, CT and
2
NIEHS, Research Triangle Park, NC.
The major toxicity of immunosuppresants, cyclosporine and FK506, is dose related
nephrotoxicity. Rapamycin, a novel immunosuppressive agent, does not cause
nephrotoxicity at therapeutic doses. In the current study, the nephrotoxic potential
of cyclosporine, FK506 and rapamycin was studied using a rat model with ensuing
mechanism of toxicity investigation via gene expression analysis. Sprague Dawley
rats received daily i.p. dosing of cyclosporine (low, 2.5 mg/kg/day; high, 25
mg/kg/day), FK506 (low, 0.6 mg/kg/day; high 6 mg/kg/day) or rapamycin (low, 1
mg/kg/day; high, 10 mg/kg/day) for 1, 7, 14 or 28 days. Significant decrease in
body weight gain was observed in animals that received cyclosporine (high), FK506
(low and high), and rapamycin (low and high). Animals in the cyclosporine (high)
and FK506 (high) dose groups showed significant increase in blood urea nitrogen
after 14 and 28 days of treatment. Histopathological examination revealed tubular
basophilia, mineralization and necrosis in the high dose cyclosporine treated animals. Tubular basophilia and mineralization were also observed in low and high
dose FK506 treated animals. These findings were observed in animals treated for 7
days, and were more pronounced at later time points. In contrast to the changes induced by cyclosporine and FK506, no histopathological evidence of renal toxicity
was present in rapamycin-treated animals. The kidney gene expression profiles are
being analyzed using Affymetrix rat gene chips. The current study reproduced the
nephrotoxicity associated with cyclosporine and FK506 using a rat model. Gene expression analyses will provide molecular mechanisms underlying the renal damage
induced by immunosuppressants.
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12-MONTH DIETARY ETHYLENE GLYCOL RENAL
TOXICITY, CLEARANCE AND METABOLISM STUDY IN
MALE WISTAR RATS

D. M. Wilson1, W. M. Snellings1, G. C. Hard2, M. J. Bartels1, R. A. Corley3,
C. R. Kirman4 and K. E. Stebbins1. 1Dow Chemical, Midland, MI, 2Pathologist,
Tairua, New Zealand, 3Battelle NW, Richland, WA and 4The Sapphire Group,
Beachwood, OH.
Ethylene glycol (EG) was administered in the diet to 20 male Wistar rats/group for
12 months at 0, 50, 150, 300, or 400-mkd to assess renal toxicity; EG, glycolic acid
(GA) and oxalic acid (OA) in blood, kidney and urine; and 3H-inulin and 14C-oxalate clearance. Decreased body weight occurred at  300-mkd. Mortality occurred

in 5 rats at 300-mkd (D 111-221) and in 4 rats at 400-mkd (D 43-193); those remaining at 400-mkd were euthanized on D-203 due to weight loss. Calculi, up to
2-mm diameter, were found in the bladder, and sometimes in the renal pelvis, at the
two highest doses. Rats dying early at  300-mkd had acute transitional cell hyperplasia, progressing to acute inflammation and hemorrhage of the bladder wall, with
some cases of infection, septicemia and ascites. Nephropathy associated with crystalluria (basophilic foci, tubule or pelvic dilatation, birefringent crystals in the
pelvic fornix, or transitional cell hyperplasia) affected most rats at 300-mkd, all at
400-mkd, but none  150-mkd, which was a NOAEL. Rats given 300-mkd had
increased water consumption and urine volume with decreased specific gravity.
Lower urinary pH occurred in all EG groups but was considered a non-adverse result of metabolism. Urinary calcium oxalate crystals increased with dose and phosphate crystals decreased, which were attributed to normal metabolism with no adverse effects at 50 or 150-mkd. Increased kidney weights occurred at  300-mkd.
Renal inulin and oxalate clearance were unaffected. OA clearance was similar across
doses, EG clearance followed a linear dose-response relationship, and GA clearance
was linear from 50-150-mkd, with a nonlinear increase at 300-mkd. Kidney GA
and OA were near control up to 150-mkd, with nonlinear increases at  300-mkd.
The respective benchmark dose (BMD05, BMDL05) values using incidence X
severity data were 170 mkd and 150 mkd for nephropathy.

464

ALUMINUM CITRATE BLOCKS TOXICITY OF OXALATE
CRYSTALS BY INHIBITING THEIR BINDING TO
PROXIMAL TUBULE CELLS

C. Guo, M. D. Garcia and K. McMartin. Pharmacology, Toxicology &
Neuroscience, LSU Health Sciences Center, Shreveport, LA.
Ethylene glycol (EG) produces renal failure due to its metabolism to oxalate.
Previous studies have demonstrated that calcium oxalate monohydrate (COM)
crystals are responsible for the plasma membrane damage and cell death in proximal tubule (PT) cells. Pathological images have shown that COM crystals adhere to
the surface of kidney epithelial cells and then are engulfed by the cells. Aluminum
citrate (Al-citrate), uniquely among citrate salts, is a potent inhibitor of COM toxicity in cells, but its mechanism is unknown. We hypothesized that aluminum citrate inhibits COM toxicity by blocking COM adherence to PT cells. In the present
studies, confluent cultures of PT cells were exposed to [14C]-COM suspensions at
4oC for 5 min. After treatment, the cells were rinsed with PBS to remove unbound
COM and solubilized with 0.5% Triton X-100 to measure bound COM. The results indicated that the COM crystals bound to PT cells in a dose-dependent manner. When co-administered, Al-citrate inhibited COM-binding to the surface of
PT cells, with a significant effect at concentrations as low as 0.05 mM. When
COM suspensions were first treated with Al-citrate, then resuspended without Alcitrate, binding was still inhibited, indicating that Al-citrate directly interacted with
COM. COM binding was not affected by pre-treatment of cells with Al-citrate.
Finally, when COM was first bound to cells, subsequent Al-citrate treatment reversed the binding of COM to the cells. These data suggest that Al-citrate is effective at inhibiting COM toxicity by interacting with the crystals, not with the surface binding sites, to prevent and reverse the binding of COM by cells.

465

TRANSPORT OF ACYCLOVIR BY LLC-PK1 CELLS
GROWN ON FILTERS

H. Z. Qui and S. M. Ford. Toxicology Program, St. John’s University, Jamaica, NY.
Acyclovir is an antiviral nucleoside analog drug which is nephrotoxic and excreted
mainly by the kidneys. Reports in the literature indicate that nucleoside analogs are
transported by multiple systems, Na+ dependent and independent. This study was
undertaken in order to resolve bidirectional acyclovir transport across renal cell
monolayers by growing them on filters. LLC-PK1 cells were inoculated onto
Millipore Millicell HA™ filter inserts and used for studies at confluence (day 5) as
confirmed by preliminary studies of [3H]-mannitol leakage. To initiate transport
experiments, [14C]-acyclovir and [3H]-mannitol were added to transport buffer
(with or without Na+) on either side (top chamber, A or bottom chamber, B) of
confluent monolayers. Aliquots of the contralateral media were obtained at 0, 10,
30, 60, and 90 min and analyzed by scintillation counting. Filters with excess mannitol transfer were discarded. Total and Na+ dependent acyclovir transport in both
directions was linear to 30 min, with a slight decrease in slope between 30 and 90
min. Total BÇA transport was 2.3 times of that in the AÇB direction whereas the
Na+ dependent component was 1.8 times that of the AÇB Na+-dependent transport. Na+ dependent acyclovir transport in the AÇB direction was 43% of the
total at 10 min and 32% of the total at 90 min. Na+ dependent transport in the
BÇA direction was 20% of the total at 10 min and 25% of the total at 90 min. The
results show that transport of acyclovir by LLC-PK1 is greater in the BÇA direction and consists of both Na+ dependent and –independent components.
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DICLOFENAC INDUCED NEPHROTOXICITY IN RAT
ISOLATED RENAL CORTICAL CELLS

G. O. Rankin, D. Anestis, L. Waugh and S. Brown. Pharmacology, Physiology &
Toxicology, Marshall University, Huntington, WV.
Diclofenac is an anti-inflammatory drug used in the treatment of various types of
arthritis. In humans, diclofenac has been shown to impair renal function in some
individuals. The purpose of this study was to examine the concentration and temporal aspects of diclofenac cytotoxicity in isolated renal cortical cells (IRCC) collected from male Fischer 344 rats. IRCC were incubated in Krebs-Henseleit buffer
(pH = 7.37) at 37o C under a 95% oxygen and 5% carbon dioxide atmosphere
with shaking. Diclofenac (100, 250 or 500 µM final concentration) or vehicle was
added to the IRCC and incubations continued for 30 or 60 minutes. In a separate
experiment p-aminohippurate (PAH, 1 mM) or probenecid (p-[dipropylsulfamyl]
benzoic acid; 1 mM) was added 5 minutes before diclofenac or diclofenac vehicle
and incubations continued for 30 minutes. Cytotoxicity was determined by measuring lactate dehydrogenase (LDH) release as % of total. The 100 µM diclofenac
concentration did not significantly increase LDH release at either time point.
However, both the 250 and 500 µM concentrations of diclofenac significantly increased LDH release in a concentration dependent manner. In addition, both PAH
and probenecid reduced diclofenac (500 µM) cytotoxicity. The results from this
study demonstrated that diclofenac is cytotoxic to the IRCC in a concentration dependent manner. The study with the effects of PAH or probenecid on diclofenac
cytotoxicity suggests (1) that diclofenac must enter proximal tubule cells to induce
cytotoxicity and (2) that diclofenac enters IRCC via an organic anion transporter.
This work was supported in part by NIH grant No. RR16477 from the National
Center for Research Resources awarded to the West Virginia IDeA Network for
Biomedical Research Excellence.
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OSTEOPONTIN UPREGULATION IS COMMENSURATE
WITH ENHANCED TISSUE REPAIR AND PROTECTION
OF DIABETIC KIDNEY AGAINST ACUTE RENAL
FAILURE (ARF) AND DEATH INDUCED BY DCVC

A. V. Dnyanmote1, S. P. Sawant1, E. A. Lock2, J. R. Latendresse3 and H. M.
Mehendale1. 1Toxicology, ULM, Monroe, LA, 2Biomolecular Sciences, LJMU,
Liverpool, United Kingdom and 3Toxicologic Pathology, NCTR, Jefferson, AR.
Our previous work showed that streptozotocin-induced diabetic (DB) mice exhibit
significantly lower progression of renal injury and higher survival induced by augmented nephrogenic tissue repair after challenge with a normally LD90 dose (75
mg/kg, ip) of S-1, 2-dichlorovinyl-L-cysteine (DCVC), a metabolite of
trichloroethylene. This protection is due to a higher number of cells in S-phase in
the DB kidney compared to the nondiabetic kidney (NDB). The objective of the
present work was to investigate mechanisms by which this constitutive cell division
augments tissue repair in the DB kidney. The onset of tissue repair following renal
injury is manifested by proliferation of surviving tubular epithelial cells, which migrate and attach to denuded basement membranes, polarize, and differentiate into
mature epithelial cells. Literature suggests that osteopontin (OPN), a phosphorylated glycoprotein, influences these processes of tissue repair and remodeling, and is
upregulated in the S-phase laden DB kidney. Plasma OPN was measured in the
NDB and DB mice using ELISA. Kidney sections were immunohistochemically
stained for localization of OPN over a timecourse following treatment with a lethal
dose of DCVC. Significantly higher plasma OPN (2 fold at 0 and 36 h) and OPNpositive staining (0-36 h) were observed in the distal and proximal tubular cells of
the cortex and medulla of the DB kidney compared to the NDB kidney. Ablation
of basal S-phase in the DB kidney with colchicine (CLC) prior to DCVC treatment
led to a significant decrease in tubular staining of OPN, higher progression of
DCVC-initiated renal injury, and 100% mortality. These findings indicate that
onset of cell division is associated with upregulation of tubular OPN, suggesting its
role in orchestrating renal tissue repair, leading to lower progression of DCVC-initiated injury and survival of DB mice from ARF. (Supported by DK 61650)
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HUMAN ALDEHYDE DEHYDROGENASE 7A1
(ALDH7A1) PROTECTS AGAINST OSMOTIC STRESS

V. Vasiliou, D. Orlicky, N. Lassen, T. Estey, A. Pappa, M. Gu and R. Agarwal.
Pharmaceutical Sciences, UCHSC, Denver, CO.
ALDH7A1 (also known as antiqutin) is a member of the ALDH superfamily,
which represents a group of NAD(P)+-dependent enzymes critical in the metabolism of endogenous and exogenous aldehydes. It has been hypothesized that
ALDH7 proteins may play a role in osmotic stress based on the observations that
plant ALDH7 genes are upregulated in conditions of osmotic and/or dehydration
stress whereas human ALDH7A1 mRNA is expressed in the inner ear and kidney.
To test this hypothesis, the biochemical properties, subcellular distribution, and potential role of this enzyme in protection against osmotic stress were investigated.
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Human ALDH7A1 was expressed in Sf9 insect cells using a baculovirus vector and
purified to homogeneity using affinity chromatography. Purified human
ALDH7A1 revealed high substrate specificity for long-chain saturated and unsaturated aldehydes including hexanal, nonyl aldehyde, and 4-hydroxy-2-nonenal.
ALDH7A1 was also found to metabolize betaine aldehyde, which results in the formation of the critical osmolyte betaine. In addition, stablely-transfected CHO cells
with human ALDH7A1 cDNA were found to be more resistant to osmotic stress
induced by elevated concentrations of either sucrose or sodium chloride. Western
blot analysis showed that in mice ALDH7A1 is expressed at high levels in kidney,
liver, brain, and tongue and to a lesser extend in heart, stomach, and lung.
Interestingly, ALDH7A1 was found not only in the cytoplasm of the mouse liver
and kidney but also in the nucleus, mitochondria, and membranes. In conclusion,
this study shows for the first time that human ALDH7A1 protects against osmotic
stress and suggests that the mechanisms involved may include metabolism of betaine aldehyde to the osmolyte betaine as well as the detoxification of lipid peroxidation aldehydes (i.e. 4-hydroxy-2-nonenal) that are by-products of osmotic stress.
Supported by NEI EY11490 Grant.

469

POTENTIAL ROLE OF KIDNEY INJURY MOLECULE-1
IN ENDOTHELIAL CELL MIGRATION AND
ANGIOGENESIS
V. S. Vaidya1, C. A. Fernandez2, B. D. Humphreys1, H. Sugimoto3, R. Kalluri3,
M. A. Moses2 and J. V. Bonventre1. 1Medicine-Renal, Brigham and Women’s
Hospital, Harvard Medical School, Boston, MA, 2Vascular biology program,
Children’s Hospital, Boston, MA and 3Center for Matrix Biology, Beth Israel
Deaconess Medical Center, Boston, MA.
Kidney injury molecule-1 (Kim-1), a type I membrane protein, is strongly upregulated in renal injury and in renal cell carcinoma (RCC). The ectodomain (ED) of
Kim-1 is cleaved by a metalloproteinase. An important feature common to repair of
tissue injury and RCC is provision of adequate supply of oxygen and nutrients
through formation of blood vessels. The objective of the present work was to investigate the potential role of Kim-1 (ED) to activate endothelial cells and stimulate
angiogenesis. We constructed an affinity ligand consisting of the mouse Kim-1ED
fused to an alkaline phosphatase (AP) reporter and found that Kim-1ED-AP binds
to both bovine capillary endothelial cells (BCE) and rat glomerular endothelial cells
(GER). Purified recombinant rat Kim-1ED protein did not enhance BCE proliferation but Kim-1ED did stimulate BCE chemotaxis in a transwell migration assay.
As a control, human IgG-Fc (hIg-Fc) did not enhance BCE migration whereas rat
Kim-1ED-Fc stimulated the endothelial cells to migrate at two concentrations (100
ng/ml and 1 µg/ml). In order to corroborate this in vitro observation, we investigated the ability of Kim-1ED-Fc to stimulate angiogenesis in vivo using a matrigel
plug assay. Matrigel was mixed with different test substances and injected subcutaneously on the back of male C57BL/6 mice. After 6 days mice were sacrificed, and
matrigel plugs removed, fixed, paraffin-embedded and stained with H & E and von
Willebrand factor to count the number of blood vessels in 10 high power fields (X
400). Kim-1ED-Fc (10 µg/ml) induced a 2-fold increase in the number of new
blood vessels in the matrigel plug assay as compared to hIgG-Fc. In conclusion
these results indicate that Kim-1 ectodomain has chemoattractant properties,
which may account for its proangiogenic effects in vivo suggesting a role for Kim-1
in tissue repair and tumor growth.
NOVEL ROLES FOR CA2+-INDEPENDENT
PHOSPHOLIPASE A2 IN RENAL CELL GROWTH AND
PROLIFERATION
G. Saavedra, W. Zhang and B. S. Cummings. Pharmacology. and Biomed.
Sciences., University. of Georgia, Athens, GA.
Our recent studies demonstrate that both cytosolic (iPLA2β) and microsomal
(iPLA2γ) Ca2+-independent phospholipase A2 (iPLA2) mediate renal cell death.
However, the physiological roles for these iPLA2 isoforms are not as well determined. We investigated the physiological roles of iPLA2β and iPLA2γ in two different renal cell models using both pharmacological and molecular techniques. R- and
S-enantiomers of bromoenol lactone (BEL, an inhibitor of iPLA2) were separated
using high performance liquid chromatography and the selectivity’s of S-BEL for
cytosolic iPLA2β and R-BEL for microsomal iPLA2γ were verified. The effect of
these enantiomers on cell growth were then assessed in HEK293 and Caki-1
(human renal epithelial) cells using 3-(4, dimethylthiazolyl-2)-2, 5-diphenyltetrazolium bromide (MTT) staining. Treatment of cells with S-BEL (0 to 5.0 µM)
caused concentration-dependent decreases in MTT staining, inducing a 35% decrease in staining after 48 hr. In contrast, R-BEL or racemic-BEL (0 to 5.0 µM)
only decreased MTT staining approximately 15%, compared to control cells.
Neither, R-BEL nor S-BEL induced cell death as determined by annexin V and PI
staining. These data suggest that inhibition of iPLA2β has a greater affect on cell
growth than inhibition of iPLA2γ. To verify this hypothesis, siRNA against both
iPLA2β and γ were developed and verified using real time-PCR. In agreement with
the pharmacological studies, transfection of cells with iPLA2β siRNA reduced
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MTT staining approximately 35%, while transfection of cells with iPLA2γ siRNA
only decreased MTT staining 10-15%, compared to controls. Similar to MTT
staining, iPLA2β siRNA induced a 25% decrease in cell number and protein, compared to control cells. In contrast, iPLA2γ siRNA only slightly decreased cell number, and did not alter cellular protein, compared to control cells. These data demonstrate that inhibition of iPLA2β results in greater decreases in renal cell growth
compared to iPLA2γ, and suggests novel roles for these iPLA2 in the regulation of
renal cell growth and proliferation.
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EFFECT OF THE NEPHROTOXIC COMPOUNDS
ARISTOLOCHIC ACID (AA),
METHYAZOXYMETHANOL ACETATE (MAMAC) AND
OCHRATOXIN A (OTA) ON THE CELL CYCLE IN VITRO
S. Huljic1, L. Helbig2, R. Koehl2, E. OBrien1, B. Bruene2 and D. R. Dietrich1.
1
Environmental Toxicology, University of Konstanz, Konstanz, Germany and
2
Biochemistry I - Pathobiochemistry, University of Frankfurt, Frankfurt, Germany.
The toxins AA, MAMAc and OTA are naturally occurring nephrotoxic substances.
The nitrophenanthrene derivatives AA I and II are the major components of the
plant extract of Aristolochia spp. and have been shown to be carcinogenic. MAMAc
is the chemically stabilised secondary metabolite of cycasin, which is contained in
cycad plants, used by some populations as food. MAM, the aglycon of cycasin is the
assumed metabolite responsible for toxicity and carcinogenicity. The mycotoxin
OTA is produced as a secondary metabolite by certain Penicillium and Aspergillus
fungal species and is a common contaminant of foodstuffs. While AA and MAMAc
are genotoxins, the mechanism(s) of OTA-mediated renal toxicity remain unknown.
In this study, the cytotoxic effects of AA, MAMAc and OTA on renal epithelial cells
of different species origin were investigated using in vitro systems. Acute (up to
72h) as well as long term (5-18 weeks; repeated intermittent) exposures were conducted. The influence of the toxins on cell cycle phase residency and cell cycle-specific gene expression were assessed. Exposure to the toxins resulted in cytotoxicity
and alterations in cell cycle phase distributions. These were associated with deregulation of genes important for cell cycle regulation including p21.
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PROPIVERINE-INDUCED PROTEIN ACCUMULATION
IN F344 RATS: PROTEIN IDENTIFICATION
A. H. Heussner1, E. O’Brien1, B. W. Day2, T. Gramatte4, M. Runkel4, S. K.
Rumpf3 and D. R. Dietrich1. 1Environmental Toxicology, University of Konstanz,
Konstanz , Germany, 2University of Pittsburgh, Pittsburgh, PA, 3IPMC-TMC,
Neuwilen, Switzerland and 4APOGEPHA, Dresden, Germany.
In a two-year rat bioassay, propiverine, an agent used to treat urinary incontinence,
induced renal pathology including accumulation of an as yet unidentified protein
in nuclei and cytosol of renal cortical tubular cells of both male and female rats, as
well as increased incidences of transitional epithelial cell hyperplasia in the renal
papilla of male but not female rats. Based on these observations, the aims of the
current study were to isolate and identify this protein and therefore provide information relevant for human risk assessment. For this, male and female F344 rats
were exposed for 16 weeks to 1000 ppm propiverine in the diet. Untreated rats of
both sexes served as negative controls. Proteins were extracted from nuclei and cytosol of the renal cortex and liver and separated by SDS-PAGE. The unknown accumulating protein was excised and analyzed via MALDI-TOF-MS after in-gel enzymatic digestion and identified as D-amino acid oxidase (DAAO). An additional
databank search (BLAST) for homologous proteins revealed that DAAO is a highly
conserved peroxisomal enzyme inherently expressed in relatively high amounts in
the kidneys of rats, mice, pigs and humans.
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PROPIVERINE-INDUCED PROTEIN ACCUMULATION
IN F344 RATS. DEMONSTRATION OF DOSEDEPENDENCY AND INTRARENAL LOCALIZATION OF
ACCUMULATED D-AMINO ACID OXIDASE VIA
WESTERN BLOT AND IMMUNOHISTOCHEMISTRY
T. Gramatte3, M. Runkel3, A. H. Heussner1, E. O’Brien1, P. Wolf1, S. K.
Rumpf2 and D. R. Dietrich1. 1Environmental Toxicology, University of Konstanz,
Konstanz , Germany, 2IPMC-TMC, Neuwilen, Switzerland, 3APOGEPHA,
Dresden, Germany and 4University of Pittsburgh, Pittsburgh, PA.
As shown, 16-week exposure of male and female F344 rats to propiverine induced
the accumulation of D-amino acid oxidase (DAAO) in the nuclei and cytosol of
renal proximal-tubular cells. The aims of the current study were to confirm the localization of DAAO in proximal tubular cell nuclei and cytosol, as well as to assess
the dose-dependency of DAAO accumulation. Female and male F344 rats were exposed for 16 weeks to 1000 ppm propiverine in the diet. Nuclear and cytosolic protein fractions of kidney samples were analyzed via Western blot analysis and
DAAO-immunohistochemistry was performed in paraffin kidney sections using
specific anti-DAAO antibodies. As male rats commonly present with pathologies

similar to those seen following propiverine exposure, renal sections from non-castrated and castrated male F344 rats (which should not express α2u globulin, inherent to mature non-castrated male rats)exposed to 300 and 1000 ppm propiverine in
the diet for 16 weeks were subjected to DAAO-immunohistochemistry and
Western blot analysis to detect dose-response effects. DAAO was highly expressed
in the renal proximal tubule nuclei and cytosol of all exposed animals but only very
faintly present in the Western blots and renal sections of untreated controls. DAAO
expression levels were dependent on the propiverine dose, and cytosolic expression
of DAAO was generally weaker than nuclear expression.
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PROPIVERINE-INDUCED PROTEIN ACCUMULATION
IN F344 RATS. SITE-SPECIFIC EXCISION AND
SUBSEQUENT IDENTITY CONFIRMATION VIA
TANDEM MASS SPECTROMETRY OF D-AMINO ACID
OXIDASE ACCUMULATED IN RENAL PROXIMAL
TUBULES
B. W. Day4, A. H. Heussner1, E. O’Brien1, T. Gramatte3, M. Runkel3, S. K.
Rumpf2 and D. R. Dietrich1. 1Environmental Toxicology, University of Konstanz,
Konstanz , Germany, 2IPMC-TMC, Neuwilen, Switzerland, 3APOGEPHA,
Dresden, Germany and 4University of Pittsburgh, Pittsburgh, PA.
As demonstrated, MALDI-TOF-MS and DAAO-specific Western and immunohistochemical analyses identified the protein accumulating in nuclei and cytosol of
renal proximal tubular cells of propiverine-exposed F344 rats as D-amino acid oxidase (DAAO). In order to provide unequivocal confirmation of the protein identity
and localization, laser capture microdissection (LCM) was used to excise the nuclei
of renal proximal tubular cells from paraffin embedded, H & E-stained tissue sections from a non-castrated male F344 rat, which displayed the typical protein accumulations and pathology following exposure for 16 weeks to 1000 ppm propiverine
in the diet. In addition, renal cortex was excised from the same sample.
Corresponding control material was gained from a control animal. Following enzymatic digestion of the excised samples, analyses were performed via high-resolution
mass spectrometry (MALDI-TOF/TOF-MS/MS), which resulted in confirmation
of the localization of the over-expressed DAAO to the proximal tubule cell nuclei
and the renal cortex.
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PROPIVERINE-INDUCED PROTEIN ACCUMULATION
IN F344 RATS. CHARACTERIZATION OF RENAL α2UGLOBULIN INDUCTION
D. R. Dietrich1, A. H. Heussner1, E. O’Brien1, T. Gramatte3, M. Runkel3 and
S. K. Rumpf2. 1Environmental Toxicology, University of Konstanz, Konstanz ,
Germany, 2IPMC-TMC, Neuwilen, Switzerland, 3APOGEPHA, Dresden,
Germany and 4University of Pittsburgh, Pittsburgh, PA.
As demonstrated, propiverine induced the accumulation of D-amino acid oxidase
(DAAO) in nuclei and cytosol of proximal tubular cells in non-castrated male, castrated male and female F344 rats. The observed renal pathology (exfoliation,
sloughing and cell shedding in the renal proxima, protein casts at the corticomedullary junction, with the exception of DAAO accumulation) in propiverinetreated F344 rats was significantly more pronounced in non-castrated males.
Lesions were reminiscent of those seen in male rat-associated protein overload
pathology. The question was asked whether α2u-globulin, which is largely responsible for male rat renal protein overload and its associated pathologies, was instrumental for the significantly higher pathology in propiverine-exposed non-castrated
male rats. Therefore, non-castrated and castrated male rats (which do not normally
express α2u globulin) were exposed for 16 weeks to 300 or 1000 ppm propiverine
in the diet. The presence of α2u-globulin was assessed in cytosolic renal protein
fractions via Western blot and in paraffin kidney sections using α2u-immunohistochemistry. Western blot analysis and α2u-globulin immunohistochemistry indicated a dose-dependent increase in cytosolic α2u-globulin in the kidneys of both
non-castrated and castrated male rats, whereby α2u-globulin levels were significantly higher in non-castrated animals. These findings support the suggestion that
propiverine-induced male rat renal pathology, other than DAAO accumulation, is
primarily a consequence of the α2u-globulin protein overload inherent to male
rats, which may be exacerbated by propiverine exposure.
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PROPIVERINE-INDUCED PROTEIN ACCUMULATION
IN F344 RATS. REVERSIBILITY OF PATHOLOGICAL
CHANGES AND PROTEIN ACCUMULATION
M. Runkel3, S. K. Rumpf2, A. H. Heussner1, E. O’Brien1, T. Gramatte3 and D.
R. Dietrich1. 1Environmental Toxicology, University of Konstanz, Konstanz ,
Germany, 2IPMC-TMC, Neuwilen, Switzerland and 3APOGEPHA, Dresden,
Germany.
Propiverine exposure leads to the development of mild renal pathology. This study
investigated whether these pathologies were reversible following discontinuation of
exposure. Castrated and non-castrated male F344 rats were exposed to 300 and
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1000 ppm propiverine in rat chow for 16 weeks with subsequent 4- and 8-week
feeding with untreated rat chow. The kidneys were assessed for pathological
changes and D-amino acid oxidase (DAAO) expression at each timepoint. The
comparison of overall cortical pathology in castrated F344 rats after 16 weeks of
propiverine treatment, with the exception of DAAO accumulation, demonstrated
no significant differences between propiverine-treated and control animals. In contrast, significantly elevated pathology, although mild to moderate, was observed in
non-castrated F344 control and 300 and 1000 ppm propiverine-treated rats.
Pathological lesions in treated non-castrated rats consisted primarily of hyaline
droplet accumulation, cell shedding, cell sloughing and tubular regeneration in
proximal tubules, chronic progressive nephropathy, proteinaceous casts and accumulation of DAAO in the nuclei of proximal tubular epithelial cells. Propiverine
did not induce a dose-dependent overall pathology in either castrated or non-castrated rats. Cytosolic and nucleic DAAO droplets increased dose-dependently in all
rats. DAAO droplet accumulation and pathological lesions were reversible within
eight weeks of cessation of propiverine exposure.
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PROPIVERINE-INDUCED PROTEIN ACCUMULATION
IN F344 RATS. ASSESSMENT OF CELL PROLIFERATION,
CONCLUSIONS AND HUMAN RISK ASSESSMENT

E. O’Brien1, M. Runkel3, S. K. Rumpf2, A. H. Heussner1, T. Gramatte3, B. W.
Day4 and D. R. Dietrich1. 1Environmental Toxicology, University of Konstanz,
Konstanz , Germany, 2IPMC-TMC, Neuwilen, Switzerland, 3APOGEPHA,
Dresden, Germany and 4University of Pittsburgh, Pittsburgh, PA.
This study aimed to identify the rat renal protein accumulating in nuclei and cytosol of proximal tubular cells following propiverine exposure and to assess the sexspecificity and reversibility of the associated reported pathologies. The protein was
identified via MALDI-TOF-MS analysis as D-amino acid oxidase (DAAO). DAAO
identification and localization was confirmed via MALDI-TOF/TOF-MS/MS
analysis of protein droplets excised by laser capture microdissection and by DAAO
immunohistochemical staining. The propiverine dose-dependent renal cortical accumulation of DAAO was reversible upon cessation of exposure. Furthermore, the
observed renal pathological changes in the male rats were associated with the presence of the male rat specific protein α2u-globulin, whereby high dose propiverine
treatment at most exacerbated the pre-existing male rat specific renal disease. Cell
proliferation analysis (PCNA) using renal sections demonstrated no differences between treated or control animals. Consequently, subchronic treatment of rats with
propiverine does not appear to induce renal pathology other than that related to the
inherent protein overload in non-castrated male rats and DAAO accumulation, nor
does it increase the normal cell proliferation rate. Since α2u-globulin overload does
not occur in humans and in view of a lack of renal cortical tumors in the previous
two-year rodent bioassay, and, moreover, considering the reversibility of DAAO accumulation following cessation of exposure, it is concluded that chronic human exposure to propiverine is unlikely to pose any tumorigenic risk.
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INDICES OF ANTIOXIDANT STATUS IN SHEEP AFTER
EXPOSURE TO CHLORINE GAS

M. A. Dubick, D. G. Cameron, A. I. Batchinsky and L. C. Cancio. US Army
Institute of Surgical Research, San Antonio, TX. Sponsor: S. Omaye.
Chlorine gas (Cl2), a potent irritant and toxic industrial chemical with potential for
use as a terrorist weapon, acts primarily on the respiratory tract, yet little is known
of the pathophysiology of this injury. The present study investigated indices of antioxidant status in anesthetized sheep (n=6-12/gp) exposed to Cl2 at doses of 0
(G1), 120 ppm (G2), 240-350 ppm (G3) or 400-500 ppm (G4) through a tracheostomy. Cl2 was mixed with 100% O2 to minimize hypoxia during exposure,
particularly at the higher doses, and lung tissue was collected up to 96 hr later at
necropsy for analysis. Compared to G1 controls, lungs from G3 and G4 sheep had
40-50% lower total antioxidant potential and 1.7- and 2.4-fold higher thiobarbituric acid reactive substances (TBARS), respectively. This was associated with 5fold increases in myeloperoxidase activity in these sheep compared with G1. In addition, antioxidant enzyme activities, expressed as U/mg protein, were reduced in a
dose dependent manner compared to G1. For example, glutathione peroxidase activity was reduced 20% and 41% and catalase activity was reduced 23% and 48%
in G3 and G4 compared with G1. Total antioxidant potential, TBARS levels and
antioxidant enzyme activities in lungs from G2 sheep were similar to G1. In addition, total lung glutathione and nitric oxide levels were not significantly different
among groups. These data are consistent with the severity of injury observed histologically and on CT scans among the groups and support the hypothesis that oxidative stress is associated with Cl2-induced lung injury.
Supported in part by a grant from the Congressional Peer-Reviewed Medical
Research Program
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INDUCTION OF OXIDATIVE LUNG INJURY AND
CELLULAR RESPONSES BY DIESEL EXHAUST
PARTICLES IN WILD TYPE AND INDUCIBLE NITRIC
OXIDE SYNTHASE-DEFICIENT MICE

J. Y. Ma1, M. Barger1, J. K. Ma2 and V. Castranova1. 1HELD, NIOSH,
Morgantown, WV and 2School of Pharmacy, WVU, Morgantown, WV.
Studies have shown that diesel exhaust particle (DEP)-induced lung injury and immune deficiencies stem from enhanced production of reactive oxygen/nitrogen
species by alveolar macrophages (AM). The present study examines the role of nitric oxide (NO), produced through the inducible nitric oxide synthase (iNOS), in
DEP-induced lung responses using C57B/6J wild type (WT) and iNOS knockout
(iNOS KO) mice. Mice (8-10 weeks) were exposed to saline or DEP (35 mg/kg) by
aspiration and sacrificed at 1 and 3 days post-exposure. AM were isolated by bronchoalveolar lavage (BAL). DEP induced an inflammatory profile, including neutrophil infiltration, increased lactate dehydrogenase activity, and elevated albumin
content in BAL fluid in both WT and iNOS KO mice. However, there was a significantly lowered neutrophil infiltration (at 1 day post-exposure) and albumin
content (at 1 and 3 days post exposure) in iNOS KO mice compared to the WT,
suggesting a role of NO in DEP-induced inflammatory injury. DEP exposure
elicited significant mitochondria damage, the major source of intracellular oxidant
generation, in AM from WT as well as iNOS KO mice, suggesting that NO did not
play a major role in DEP-induced mitochondria damage. In response to ex vivo
LPS and IFN-γ challenge, AM from DEP-exposed WT mice showed a time-dependent increase of IL-12 and IL-10 production compared to control. AM from
the iNOS KO mice showed a lowered production of IL-12, yet increased IL-10
production at 3 days post-exposure. This suggests that NO has a sustained effect on
cellular responses to DEP, increasing IL-12 while suppressing IL-10 production by
AM. In summary, this study shows that NO mediates DEP-induced inflammatory
lung injury and alters the balance of pro- and anti-inflammatory cytokines in the
lung. (The findings and conclusions in this abstract have not been formally disseminated by the NIOSH and should not be construed to represent any agency determination or policy.)
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GLUCURONIDATION AS A METABOLIC PATHWAY
TERMINATING REDOX CYCLING OF 9,10PHENANTHRAQUINONE ASSOCIATED WITH
OXIDATIVE STRESS

K. Taguchi and Y. Kumagai. Doctoral Program in Social and Environmental
Medicine, Graduate School of Comprehensive Human Sciences, University of Tsukuba,
Tsukuba, Japan. Sponsor: A. Naganuma.
We have recently found that 9,10-phenanthraquinone (PQ) is a major quinone
contaminated in atmospheric particular matter (<2.5 µm diameter) that causes oxidative protein modification and apoptosis in human pulmonary epithelial A549
cells. It is postulated that PQ undergoes two-electron reduction to form 9,10-dihydroxyphenanthrene (PQH2), followed by glucuronidation. However, the participation of such biotransformation in metabolic activation (redox active) and detoxification (redox negative) of PQ is poorly understood. To address this issue, we
synthesized 9,10-diacetoxyphenanthrene (DAP) since it readily undergoes hydrolysis in cells to produce PQH2, a labile material. Again, a glucuronide conjugate of
PQH2 was isolated from an enzymatic reaction mixture of 9000 g supernatant of
mice liver and PQ in the presence of NADPH and UDPGA; the purified product
was identified as monohydroxy-O-glucuronide of phenanthrene (PQHG).
Interestingly, an unknown metabolite excreted into extracellular space following exposure of A549 cells to PQ was PQHG. In a cell-free system, we found that PQ
and PQH2 derived from DAP generated reactive oxygen species as evaluated by
oxygen consumption, whereas PQHG did not. The extent of not only protein oxidation but also cytotoxicity caused by exposure of A549 cells to DAP was the same
as that of PQ (both LD50=2.8 µM), suggesting that there is a redox-cycling between
PQ and PQH2 for oxidative stress. However, little appreciable oxidative stress and
cell death were seen following exposure to PQHG even at 50 µM. Furthermore, we
found that UDP–glucuronosyltransferase (UGT) 1A6 isoform is an efficient catalyst for PQHG formation. These results suggest that glucuronidation of PQH2
plays a critical role in the termination of redox cycling of PQ in cells.
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HYPOXIA-INDUCED OXIDATIVE STRESS RESPONSES
IN MACROPHAGES AND EPITHELIAL CELLS

A. Connor, N. Pierre, J. D. Laskin, J. P. Gray and D. L. Laskin. Joint Graduate
Program in Toxicology, Rutgers University and UMDNJ-Robert Wood Johnson
Medical School, Piscataway, NJ.
After hypoxic insult to the lung, a cascade of events is initiated that ultimately results in tissue damage. These include inflammation and the release of proinflammatory cytokines and eicosanoids; the production of reactive oxygen species leading to

oxidative stress; and decreased mitochondrial function resulting in apoptosis. In the
present studies we analyzed the response of macrophages and alveolar epithelial
cells, two highly sensitive targets of inhaled toxicants, to hypoxia. For these studies
murine RAW 264.7 macrophages and MLE-15 alveolar epithelial cells were exposed to hypoxia for 3-24 hr. This was accomplished by culturing the cells in
DMEM/10%FBS at 37°C in a modular incubator chamber adjusted to 0% O2
and 5% CO2 and balanced with nitrogen. Exposure of macrophages to hypoxia resulted in a time-dependent induction of mRNA expression for the antioxidant enzymes, superoxide dismutase (SOD) and heme oxygenase (HO-1), as well as cyclooxygenase-2 (COX-2), an important enzyme in inflammatory prostaglandin
biosynthesis. This was evident within 6 hr and persisted for at least 24 hr. Whereas
induction of HO-1 and COX-2 was 12-14-fold at 24 hr, increases in SOD-1 were
only two-fold. In contrast, although HO-1 and COX-2 increased in alveolar epithelial cells in response to hypoxia, this activity was significantly less than in
macrophages (two-fold) and delayed for 24 hr. No effects were observed on SOD-1
in epithelial cells. In macrophages, increases in HO-1 and SOD-1 were correlated
with increased expression of the oxidant sensitive transcription factors NRF-2, AP1 and hypoxia-inducible factor-1α (HIF-1α). This was most notable after 24 hr exposure to hypoxia. These data demonstrate that macrophages and epithelial cells are
highly responsive to hypoxia. This may be important in the pathophysiology of
lung injury associated with oxidative stress. Supported by NIH ES007148,
ES004738, GM034310 ES005022 and APERG.
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THE OXIDATIVE EFFECTS OF CIGARETTE SMOKE
ELECTROPHILIC CONSTITUENTS ON THE MEMBRANE
OF A HUMAN LUNG EPITHELIAL CELL LINE

M. R. Robles1 and J. Avalos2. 1Soka University of America, Aliso Viejo, CA and
2
TopTox Consulting, Sacramento, CA.
Electrophiles are present in cigarette smoke (CS) that can be metabolized by antioxidants such as glutathione (GSH) inside cells. These electrophiles are thought to
be involved in the toxicity of cigarette smoke for example, N’-Nitrosonornicotine
(NNN) and 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK) are present
in cigarette smoke and snuff and have been shown to cause carcinogens in laboratory animals. In our study exposure of cigarette smoke (CS) to human derived lung
alveolar epithelial cells, A549, can lower the intracellular reduced glutathione
(GSH) content in a dose response manner. GSH is the most abundant peptide inside cells and it is thought to be the first line of defense in cells. In our study CS was
separated into two phases, the gas vapor phase (GVP) and the condensate (CSC).
The loss of GSH content is directly proportional to a rise in cell membrane lipid
peroxidation products as measured by the thiobarbituric acid reactive substances
(TBARS) assay. TBARS are the products of oxidative damage to the cell membrane.
An intracellular concentration of 4.5 mM of GSH is lowered by 90% when cells are
exposed to a cigarette smoke condensate of concentration at 10 u¬g /mL, or
greater, in 30 minutes. A maximal concentration of 20 nM of TBARS was also observed within 30 minutes of exposure to CSC at 20 u¬g/mL, or greater. No concomitant rise in oxidized glutathione (GSSG) was observed within the CSC exposure period. In addition CS percolated through 100 mM of GSH before exposure
to A549 cells completely inhibited the lowering of intracellular GSH, and the concomitant rise in TBARS. This suggests that interaction of electrophilic constituents
present in CS can react with the extracellular GSH leading to protection of the cells
against the observed reduction of intracellular GSH, and ultimately protect against
cell membrane damage.
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CHEMICAL DEPENDENT PHOSPHORYLATION OF
HEAT SHOCK PROTEIN 27

J. L. Lord1, Z. Jia1, M. D. Person2, J. Shen3, T. J. Monks1 and S. S. Lau1.
1
Department of Pharmacology & Toxicology, College of Pharmacy, University of
Arizona, Tucson, AZ, 2Division of Pharmacology & Toxicology, College of Pharmacy,
University of Texas, Austin, Austin, TX and 3UTMDACC, Science Park - Research
Division, Smithville, TX.
Heat shock protein 27 (Hsp27) is a member of a large family of constitutively expressed small Hsps. Increased expression of Hsps results in enhanced cellular resistance to stress, including heat shock, oxidative stress, and inflammatory mediators.
Hsp27 appears to interact with cytoskeletal proteins and is phosphorylated in response to reactive oxygen species. Phosphorylation of is associated with its role in
stabilizing the actin cytoskeleton. Treatment of LLC-PK1 cells with HgCl2 or
2,3,5-tris(glutathion-S-yl)hydroquinone (TGHQ) (cause apoptotic and necrotic
cell death respectively) followed by 2D gel/mass spectral (MS) analysis, revealed
multiple Hsp27 protein spots, indicating varying post-translational modifications,
and consistent with MALDI-post source decay fragmentation spectra revealing a
characteristic loss of phosphate (-98 m/z). Western blot analysis (1D) showed that
S15 and S78 of Hsp27 are constitutively phosphorylated in the cytosol and nucleus
of LLC-PK1 renal epithelial cells. Treatment of LLC-PK1 cells with either HgCl2 or

TGHQ caused an increase in cytosolic Hsp27 phosphorylation at all three known
sites (S15, S78, and S82) and the phosphoproteins translocated into the nucleus.
However, the pattern of phosphorylation was dependent upon the nature of the
chemical insult. Following 2D gel electrophoresis, untreated cells exhibited two
Hsp27 spots (identified by MS), 1 and 2, at pIs 6.8 and 6.3. Treatment with
TGHQ caused a decrease in spots 1 and 2 with a shift in pI to spot 3 at pI 6.0. In
contrast, HgCl2 caused a decrease in spots 1 and 2 but with the appearance of spots
4 and 5 at pIs 5.2 and 5.0. 2D western blot analyses confirmed the differential
phosphorylation of Hsp27 following treatment with either HgCl2 or TGHQ. The
chemical specific differential post-translational modification of Hsp27 may provide
insights into the function of Hsp27 in the regulation of cell survival and cell death
(GM56321, ES06694, ES007091).
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HYPERGLYCEMIA DECREASES MITOCHONDRIAL
FUNCTION: THE REGULATORY ROLE OF
MITOCHONDRIAL BIOGENESIS

C. M. Palmeira1, A. P. Rolo1, J. Berthiaume2, J. A. Bjork2 and K. B. Wallace2.
1
Center for Neurosciences and Cell Biology, Department of Zoology, University of
Coimbra, Coimbra, Portugal and 2Department of Biochemistry & Molecular Biology,
University of Minnesota Medical School, Duluth, MN.
Hyperglycemia resulting from uncontrolled glucose regulation is widely recognized
as the causal link between diabetes and diabetic complications. Overproduction of
superoxide by the mitochondrial electron transport chain in high glucose conditions leads to oxidative mitochondrial injury, and has been implicated to play a central role in the onset and progression of diabetes. Since mitochondrial functional
capacity is dynamically regulated, we hypothesized that stressful conditions of hyperglycemia induce adaptations in the transcriptional control of cellular energy metabolism, including mitochondrial biogenesis and function. According to our hypothesis, a decrease in mtDNA copy number induced by hyperglycemic oxidative
stress leads to a loss of aerobic metabolic capability and subsequent cell death.
HepG2 cells were cultured in the presence of 30 mM glucose for 7 days, while a
separate set of cells was cultured in the presence of 5 mM glucose as a control. After
7 days exposure to high glucose, HepG2 cells showed a 3-4-fold increase in ROS
generation, an increase in protein carbonyls and a 25% decrease in mtDNA, which
was followed by 16% decrease in both Tfam and NRF-1 transcripts (two of the factors that regulate mtDNA replication and transcription). Additionally, a decrease in
the number of mitochondrial structures was visualized by fluorescence microscopy.
The significant decrease in mtDNA during hyperglycemia conditions, in conjunction with this decrease in mitochondrial structures, was also manifested in the inhibition of uncoupled respiration (by 40%) in digitonin permeabilized HepG2 cells.
These results indicate that high glucose concentrations regulate mtDNA copy
number, suggesting that the decrease of mtDNA content and inhibition of mitochondrial function may be pathogenic hallmarks in the altered metabolic status associated with diabetes. (Supported in-part by HL58016 and HL 72175)
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CORRELATION OF REACTIVE OXYGEN SPECIES AND
MENADIONE- OR PARA-AMINOPHENOL-INDUCED
CYTOTOXICITY

B. D. Foreman and J. B. Tarloff. Pharmaceutical Sciences, University of the Sciences
in Philadelphia, Philadelphia, PA.
Para-aminophenol (PAP), a metabolite of acetaminophen, causes proximal tubular
toxicity. We have shown that LLC-PK1 cells exposed to PAP respond with concentration-dependent loss of viability that is attenuated when antioxidants are included
in the incubation medium. We speculate that reactive oxygen species (ROS) are
generated by PAP. Pre-incubation and/or co-incubation with catalase or dimethylthiourea (DMTU), both radical scavengers, produced concentration-dependent reductions in ROS and protected LLC-PK1 cells from PAP toxicity. The
present studies were designed to more fully understand the role of ROS in PAP cytotoxicity. Menadione was used as a positive control for superoxide anion formation. LLC-PK1 cells were treated with varying concentrations of PAP or menadione
for 2 hours, followed by a 1-hour incubation with CM-H2DCFDA, an ROS specific fluorometric dye. Both PAP and menadione caused concentration-dependent
increases in CM-H2DCFDA fluorescence. To investigate the role of ROS in cytotoxicity, LLC-PK1 cells were pre-treated with varying concentrations of chemicals
that capture radical intermediates (hydrogen peroxide scavengers catalase (0-1,000
units/ml) and pyruvate (0-10mM); hydroxyl radical scavenger DMTU (0-50mM);
and superoxide scavengers SOD (0-300 units/ml) and tiron (0-10mM). Following
pretreatments, cells were exposed to vehicle or 0.5 mM PAP in the presence of scavengers for up to 4 hours. Fluorescence was determined after 2 hour and viability
after 4 hours. Attenuation of PAP toxicity and a decrease in ROS was seen only
with catalase treatments. All treatment groups, except for SOD, tended to show reductions in CM-H2DCFDA fluorescence, but alterations in cell viability were not
pronounced. Menadione-treated cells showed reduced cytotoxicity in the presence

SOT 2006 ANNUAL MEETING

99

of catalase and SOD and decreases in CM-H2DCFDA fluorescence with catalase,
SOD and tiron. These data suggest ROS play a role in PAP toxicity but, these
species are not the predominant cause of cellular injury.

486

NITROXYL (HNO) INHIBITS CATALASE AND
GLUTATHIONE PEROXIDASE, BOTH PURIFIED AND
IN MACROPHAGE CELLS, SLOWING THE
CATABOLISM OF HYDROGEN PEROXIDE

M. I. Jackson and J. M. Fukuto. Molecular Toxicology, University of California, Los
Angeles, Los Angeles, CA. Sponsor: R. Schiestl.
Hydrogen peroxide (H2O2) is produced in cells in response to multiple signaling
pathways. H2O2 catabolism is carried out chiefly by the enzymes glutathione peroxidase (GPX1) and catalase (CAT). Aberrations in H2O2 catabolism result in cell
signaling events which are linked to the progression of multiple disease states, notably cardiovascular smooth muscle cell proliferation. Nitroxyl (HNO), the one
electron reduction product of nitric oxide, is being investigated as a therapeutic for
cardiac heart failure and is thought to be produced endogenously from nitrosothiols
or from tetrahydrobiopterin depleted nitric oxide synthase. HNO is known to undergo facile reaction with ferric heme and thiols/selenols. We predicted that the result of reaction of nitroxyl with either ferric heme containing CAT, di-thiol dependent glutathione reductase (GSR) or selenol dependent GPX1 would be the
inhibition of enzyme activity. We therefore incubated purified GPX1, CAT, and
GSR with a nitroxyl donor (Angeli’s salt) prior to assaying activity. We also treated
macrophage cells (RAW 264.7) and assayed activity of these enzymes after lysis.
Finally, we determined whether any decrease in the ability to catabolize peroxide
occurred in treated cells. We find that the enzymes GPX1 and CAT are indeed inhibited in response to nitroxyl exposure, in purified preparations or in lysates from
treated cells. But whereas GPX1 was inhibited more in the presence of oxygen,
CAT was inhibited to a greater degree in the absence of oxygen. Also, HNO treatment led to a reduction in the ability of cells to metabolize hydrogen peroxide. GSR
was not inhibited by HNO at concentrations less than millimolar. As these nitroxyl
induced alterations in hydrogen peroxide metabolism may impact its therapeutic
applicability and explain its pathophysiology we are currently investigating the effects of increased H2O2 upon intracellular signaling events.
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INSTABILITY OF LACTATE DEHYDROGENASE
ACTIVITY IN THE PRESENCE OF CHEMICALS

D. M. Kendig and J. B. Tarloff. Pharmaceutical Sciences, University of the Sciences
in Philadelphia, Philadelphia, PA.
Lactate dehydrogenase (LDH) release is frequently used as an end-point for cytotoxicity studies. We have been stymied by our inability to measure LDH release
during studies using para-aminophenol (PAP) in LLC-PK1 cells. When incubated
with 0.5 mM PAP, these cells show marked reductions in viability as assessed using
alamar Blue. In addition, we find that total LDH remaining in cell lysates is decreased without concomitant increases in LDH released into the medium. The
present studies examined this phenomenon using several in vitro approaches. First,
we incubated varying amounts of LDH with 10 mM PAP for 1 h and found that
PAP produced loss of LDH activity that was inversely proportional to the amount
of LDH initially added. Next we incubated 0.5 units of LDH for 1 h with varying
concentrations of PAP, menadione or hydrogen peroxide. All three chemicals produced concentration-dependent decreases in LDH activity as compared with incubations conducted with LDH in phosphate-buffered saline. In previous experiments, inclusion of antioxidants such as reduced glutathione (GSH) and ascorbate
protected cells from PAP toxicity. We asked whether antioxidants could also prevent declines in LDH activity. GSH (1 mM) preserved LDH activity in the presence of PAP, menadione and hydrogen peroxide while ascorbate (1 mM) only prevented LDH loss induced by PAP. These studies suggest that LDH is susceptible to
degradation when reactive chemicals are included in incubation medium.
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GENDER DIFFERENCES IN ACETAMINOPHENINDUCED HEPATOXICITY IN WILD-TYPE AND GCLMNULL MICE

L. McConnachie, I. Mohar and T. J. Kavanagh. Environmental and Occupational
Health Sciences, University of Washington., Seattle, WA.
Recent reports suggest that a substantial fraction of acute liver failure incidence in
the United States is related to acetaminophen (APAP) overdose. Literature reports
suggest that the toxicity of APAP in mice may be gender-dependant. Specifically,
male mice appear to be more sensitive to the effects of APAP overdose and female
mice more resistant. APAP is bioactivated to a reactive intermediate, NAPQI,
which is scavenged by glutathione (GSH), an important cellular antioxidant. The
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rate-limiting step in GSH biosynthesis is catalyzed by glutamate cysteine ligase
(GCL). This enzyme is a heterodimer composed of catalytic (GCLC) and modifying (GCLM) subunits. GCLM functions to modify the activity of GCLC by increasing its affinity for glutamate and attenuating the GSH feedback inhibition.
We investigated the gender effect of APAP toxicity in wild-type and GCLM-null
mice, both of which are on a C57/Bl6 background. Following a 12 hour fast, mice
were treated with either saline, 500 mg/kg APAP or 500 mg/kg APAP immediately
followed by 5 mmol/kg GSH-ethyl ester via i.p. injection and sacrificed after six
hours. In the APAP-only male wild-type mice, ALT activity was significantly elevated relative to saline-treated male mice. Female wild-type mice, on the other
hand, exhibited no elevation in ALT activity following the same treatment. GSHethyl ester treatment in the wild-type males returned ALT activities in these mice to
baseline levels showing essentially complete rescue. Male and female GCLM-null
mice exhibited a similarly high degree of APAP-induced hepatic toxicity indicating
no gender difference at this dose. Furthermore, GSH-ethyl ester treatment afforded
little protection to these null mice. Collectively, these data assert the importance of
both gender and GCLM in APAP-induced hepatic injury. (Supported by NIH
Grants 1P42ES04696, 1R01ES10849, 1T32ES07032, and 1P30ES07033).
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TAT-MEDIATED PROTEIN TRANSDUCTION OF
GLUTAMATE CYSTEINE LIGASE INTO MAMMALIAN
CELLS
C. C. Franklin and C. Brocker. Department of Pharmaceutical Sciences, University
of Colorado Health Sciences Center, Denver, CO. Sponsor: T. Kavanagh.
Mammalian cells possess a number of antioxidant defense mechanisms to counteract the deleterious effects of oxidative stress. The tripeptide glutathione (GSH) is
the most abundant non-protein thiol antioxidant within the cell and plays a central
role in protecting against oxidative injury. Glutamate cysteine ligase (GCL) is the
rate-limiting enzyme in GSH biosynthesis, and is composed of a catalytic (GCLC)
and a modifier (GCLM) subunit. As a means of assessing the cytoprotective effects
of GCL against various forms of oxidative stress and apoptotic cell death, we have
developed a protein transduction approach whereby purified recombinant GCL
protein can be rapidly and directly transferred into cells when coupled to small peptide domains termed “protein transduction domains” (PTDs). The bacterial expression vector employed for synthesis of TAT-fusion proteins in this study contains the
PTD of the HIV TAT protein and a 6His-tag and HA-tag, to assist in the purification and detection of TAT fusion proteins, respectfully. The feasibility of this approach was demonstrated in Hepa-1 cells, whereby exposure of cells to purified
TAT-GFP protein resulted in the rapid (<20 min) detection of GFP in nearly 100%
of cells as assessed by fluorescence microscopy. TAT-His-HA fusion proteins for
GCLC and GCLM have also been synthesized and shown to both form functional
GCL holoenzyme in vitro and to be rapidly expressed in Hepa-1 cells. Additional
studies are underway to more completely characterize these TAT-GCL fusion proteins both in vitro and upon transduction into cultured cells. The establishment of
this protein transduction approach represents a novel means to rapidly and efficiently overexpress GCL protein to examine the effect of increased GCL activity on
cellular sensitivity to oxidative stress and apoptotic cell death.

490

MULTIPLEXED FLUORESCENT METHODS FOR
MEASURING PROTEIN/NONPROTEIN THIOLS IN THE
LUNG: APPLICATION TO THE STUDY OF CYTOTOXIC
AROMATIC HYDROCARBONS
P. Spiess, D. Morin, B. Boland and A. Buckpitt. Department of Molecular
Biosciences, School of VET.. MED.., University of California - Davis, Davis, CA.
Oxidative stress caused by agents undergoing redox cycling or which are metabolized to electrophilic metabolites alter both protein and non protein thiols and these
processes have been implicated as key events in cellular toxicity. Naphthalene (NA)
and 1-nitronaphthalene (NN) are metabolized to glutathione depleting metabolites
in the lung and the formation of these metabolites has been associated with Clara
cell toxicity. To examine the roles of protein and non protein thiol loss in the toxicity of these agents we have developed methods capable of simultaneously detecting
glutathione depletion, the levels of GSSG plus protein glutathionylation (by
HPLC), and the levels of oxidized and reduced protein sulfhydryl by multiplexed
fluorescent 2D gel electrophoresis. Proteins selectively isolated from lung epithelium (Am. J. Physiology, LCMP 286: L399, 2004) are labeled with the sulfhydryl
reactive maleimide dye Cy-3, excess label removed, disulfides are reduced and labeled with Cy-5 maleimide. Proteins can then be separated by 1 or 2D gel electrophoresis to examine loss of protein sulfhydryl associated with covalent adduct
formation and sulfhydryl oxidation. Aliquots removed after each labeling are combined and utilized for HPLC analysis of fluorescent GSH derivatives. One-dimensional SDS PAGE experiments have shown that protein standards with different
numbers of free SH and disulfide bonds can be differentially labeled. In situ incubation of lungs with t-butylhydroperoxide or menadione, known oxidizing agents,
resulted in loss of GSH. 2D gel analysis showed a decrease in the density ratio (reduced to oxidized) for several proteins relative to control. This Cy3/Cy5 method

shows promise as a quantitative tool for monitoring the differential oxidation of
protein sulfhydryls in response to chemicals which undergo metabolic activation.
Supported by NIEHS 04311, 04699, 06700 and 05707.
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DICHLOROACETATE- AND TRICHLOROACETATEINDUCED PHAGOCYTIC ACTIVATION AND
INDUCTION OF OXIDATIVE STRESS IN THE HEPATIC
TISSUES OF MICE
E. A. Hassoun and S. Dey. Pharmacology, University of Toledo, Toledo, OH.
Dichoroacetate (DCA) and trichloroacetate (TCA) are by products formed during
the process of chlorination of the drinking water and were found to be hepatotoxic
and hepatocarcinogenic in rodents. In this study, the roles of phagocytic activation
and induction of oxidative stress in the hepatotoxicity of the compounds have been
investigated in B6C3F1 male mice. Groups of mice were administered 300 mg/kg
of either DCA or TCA, p.o, and were sacrificed after 6 or 12 h. Peritoneal phagocytic cells were isolated and assayed for production of superoxide anion (SA) and
hepatic tissues were also collected and assayed for the production of SA, lipid peroxidation (LP) and DNA damage. While TCA administration resulted in significant production of SA in the peritoneal phagocytic cells after 12 h, DCA produced
significantly higher level of this reactive oxygen species in those cells after both time
points, as compared with the control. TCA administration to mice also resulted in
significant production of SA, LP and DNA damage in hepatic tissues after 12 h
while DCA administration resulted in significant production of those biomarkers
in hepatic tissues at both time points, as compared with the control. Determination
of Pearson’s correlation coefficient between different biomarkers of oxidative stress
revealed strong correlations between SA production in phagocytic cells and SA production in hepatic tissues. Also, strong correlations were found between SA production in hepatic tissues and production of LP and DNA damage in the same tissues. These results may indicate the contribution phagocytic activation to the
induction of oxidative stress in hepatic tissues and also to the possible contribution
of oxidative stress to the hepatotoxicity of DCA and TCA.
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CYCLOSPORINE A-INDUCED OXIDATIVE STRESS
DETECTED BY FLUORESCENCE PROBES AND
DIFFERENTIAL GENE EXPRESSIONS IN RAT PRIMARY
HEPATOCYTES
H. Fujimura, I. Nakamura, E. Dekura, Y. Ishizuka, C. Aruga and W. Toriumi.
Exploratory Toxicology & DMPK Research Laboratories, Tanabe Seiyaku Co., LTD.,
Toda, Saitama, Japan. Sponsor: T. Inoue.
Because oxidative stress is one of the major causes of drug-induced hepatotoxicity,
detection of the potential of compounds for inducing oxidative stress in hepatocytes is useful to predict hepatotoxicity in the process of drug discovery and development. We examined oxidative stress induced by cyclosporine A (CyA), which
causes hepatotoxicity induced by reactive oxygen species (ROS) generated by
CYP3A, using florescence probes in rat primary hepatocytes with high metabolism
activities. A change in reduced glutathione (GSH) in the cells exposed to CyA (50,
100 uM) for 20 h immediately after the cells attached was measured by fluorescence
probe: ThioGloTM1. Expressions of mRNA related to oxidative stress including
transcription factor NF-E2 related factor 2 (Nrf2), NAD(P)H dehydrogenase,
quinone 1 (NQO1), heme oxygenase-1 (HO-1), glutathione reductase (GR),
gamma-glutamyl-cysteinyl ligase regulatory subunit (GCLM), thioredoxin reductase (TXNR) and glutathione S transferase Ya subunit (GSTYa) were also measured
by TaqMan RT-PCR method. ROS and mitochondria membrane integrity
(Mit∆Ψ) in hepatocytes exposed to CyA for 2 h followed by additional culture for
18 h without CyA were measured by fluorescence probes: DCFH-DA and Rh123,
respectively. CyA decreased rGSH levels, which consisted with intracellular total
GSH content, and up-regulated Nrf2, HO-1, TXNR1 and GCLM. CyA also increased ROS levels and decreased Mit∆Ψ rapidly. These changes suggested that the
hepatocytes exposed to CyA were under oxidative stress conditions. In addition, a
decrease in rGSH was observed in rat hepatcytes exposed to the other oxidative
stress inducers: diethyl maleate and clozapine. Theses results indicated that a simple
cell-based assay to detect compound’s potential for inducing oxidative stress can be
established by using fluorescence probes, especially ThioGloTM1, and rat primary
hepatocytes.
This work was supported in part by a grant from the Japan Health Sciences
Foundation.
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MEASURING OXIDATIVE STRESS AND DNA DAMAGE
IN CELLS USING HIGH CONTENT SCREENING
C. Vasudevan and J. R. Haskins. Cellomics, Inc., Pittsburgh, PA. Sponsor: A.
Barchowsky.
The use of cell-based assays to assess mechanisms of cytotoxicity is becoming increasingly prevalent in both drug discovery and basic life sciences research. One of
the several methods by which compounds can cause cytotoxicity is oxidative stress.

Although numerous mechanisms of cytotoxicity can be investigated using High
Content Screening (HCS), oxidative stress is rapidly becoming one of the most important. We have developed a method to simultaneously measure oxidative stress,
subsequent DNA damage and the recruitment of a DNA repair enzyme at the single cell level. In this study using HepG2 cells, a liver carcinoma cell line, and rat primary hepatocytes, we have quantified chemically (tacrine, menadione, rotenone
and diquat) induced oxidative stress by measuring the amount of DNA bound
ethidium, a product of dihydroethidium (DHE) oxidation. The presence of oxidative stress induced damage to DNA was measured by quantification of 7,8-dihydro8-oxo-guanine (8-Oxo-dG) in the same cells with the oxidized DHE (ethidium)
bound to DNA. In addition to the above two targets, we have also quantitated the
levels of the DNA repair enzyme apurinic/apyrimidinic endonuclease (APE/ref 1)
in cells treated with various compounds. Our results show that these compounds
induce oxidative stress in a dose dependent manner. The presence of 8-Oxo-dG in
cells subjected to oxidative stress also follows a dose response for these compounds.
We also show that oxidative damage to DNA leads to an increase in the levels of the
DNA repair enzyme APE/ref-1 in the nuclear region of these cells, presumably to
repair the DNA . These results show that by using either one or a combination of
these endpoints, researchers can effectively monitor the development and progression of oxidative stress in cells. By leveraging the power of HCS, it would also be
possible to correlate the progression of oxidative stress with other cellular changes
including cellular morphology, nuclear size, or membrane permeability to further
understand the mechanisms of oxidative stress induced cytotoxicity.
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CHARACTERIZATION OF THE EFFECTS OF LIPID
ALDEHYDE MODIFICATION OF PEROXIREDOXIN 6

J. Roede1, D. Carbone2, J. Doorn3, Z. Kiebler1 and D. Petersen1.
1
Pharmaceutical Sciences, University of Colorado Health Sciences Center, Denver, Co.,
2
Environmental and Radiological Health Sciences, Colorado State University, Fort
Collins, CO and 3Medicinal and Natural Products, University of Iowa, Iowa City, IA.
Peroxiredoxin 6 (Prx6) is a 1-cys peroxiredoxin that displays peroxidase activity.
Proteomic-based experiments conducted in our laboratory demonstrated that hepatic Prx6 was modified with 4-hydroxynonenal (4-HNE) in rats subjected to
chronic alcohol administration. The goal of this study was to characterize the normal activity of this protein and evaluate if modification by 4-HNE and other reactive aldehydes would alter its activity. We hypothesized that reactive aldehydes generated in the liver by oxidative stress would covalently modify the active site
cysteine, Cys47 of Prx6, which would result in diminished peroxidase activity. This
hypothesis was tested by utilizing a rhodanese protection assay to assess Prx6 activity, and mass spectroscopy to identify aldehyde adducts detected by western blots.
After screening various reactive aldehydes, including 4-HNE, malondialdehyde,
acrolein and 4-oxononenal, we found that only 4-oxononenal (4-ONE) had deleterious effects on Prx6 activity. After treatments of increasing concentrations of 4ONE (0, 38.5, 77, 385 and 770uM), loss of activity was seen only at high concentrations, 770uM, and could be attributed to modification of Cys47 and/or protein
cross-linking. These results demonstrate that Prx6 is resistant to inactivation by a
spectrum of aldehydes produced as a consequence of lipid peroxidation.
Preliminary data also suggests that Prx6 has the ability to restore activity to 4-ONE
modified rhodanese by adduct removal. Currently, experiments are being conducted to identify the mechanism by which Prx6 removes adducts and whether
Prx6 can remove other aldehydes from rhodanese, i.e. 4-hydroxynonenal, along
with an immunohistochemical analysis Prx6 expression in wild type and ethanol
treated liver sections. (Supported by NIH/NIAAA RO1AA09300)
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RELEASE OF ZINC BY REACTIVE OXYGEN SPECIES
AND TRAUMATIC BRAIN INJURY MEASURED USING
HIPPOCAMPAL MICRODIALYSIS AND GRAPHITE
FURNACE ATOMIC ABSORPTION
SPECTROPHOTOMETRY

B. E. Hawkins1, M. A. Parsley1, V. Ramanujam2, D. S. DeWitt1 and D. S.
Prough1. 1Anesthesiology, University of Texas Medical Branch, Galveston, TX and
2
Preventative Medicine & Community Health, University of Texas Medical Branch,
Galveston, TX. Sponsor: M. Moslen.
Reactive oxygen species are involved in the pathophysiology of traumatic brain injury (TBI), presumably through a delayed oxidative stress pathway. Recent evidence
suggests that intracellular zinc may be liberated from proteins by nitric oxide released from the mitochondria. This unbound zinc accumulates in neuronal cells
and is thought to initiate apoptotic cell death cascades. The focus of this study was
to quantify the amount of total zinc in the microdialysate collected from the hippocampus of rats receiving either sham or moderate fluid percussion TBI. We hypothesized that since trauma causes an increase in reactive oxygen species, the rats
receiving moderate TBI would have more zinc in their hippocampal microdialysate
than those that received a sham injury. For this study, male Sprague Dawley rats
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were anesthetized (4% isoflurane), intubated, mechanically ventilated (1.5% isoflurane in O2:air (30:70)), randomly assigned to receive either moderate (2.0 atm) or
sham parasagittal fluid percussion injury followed by microdialysis for 2 hours. The
resulting microdialysate collected from the hippocampus was analyzed for zinc content using graphite furnace atomic absorption spectrophotometry. Our preliminary
data indicate TBI results in an increased amount of total microdialyzed zinc, compared to sham treated animals. The microdialysate from sham injured rats contained between 2-6 ppb, while the samples obtained from the moderate injured rats
contained 8-15 ppb zinc. Zinc levels in the sham animals are within the range reported in the literature for uninjured rat brains. These findings suggest an increase
in zinc release occurs within minutes after trauma. Increased knowledge of zinc release mechanisms following injury is important in understanding TBI pathophysiology and developing effective clinical treatments.
Supported by NS42849 (to DSP) andT32 ES07254 (to BEH).
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PROTECTION BY MEMANTINE OF CARBOFURANINDUCED OXIDATIVE DAMAGE IN BRAIN

R. C. Gupta1, W. Dettbarn2, M. Aschner2, S. Milatovic2 and D. Milatovic2.
1
Toxicology, Murray State University, Hopkinsville, KY and 2Vanderbilt University,
Nashville, TN.
Carbamate insecticides produce their toxicity in brain by acetylcholinesterase
(AChE) inactivation. Male rats acutely intoxicated with the carbamate insecticide
Carbofuran (1.5 mg/kg, sc) developed onset of hypercholinergic signs within 5-10
min, and maximal severity within 30-60 min that lasted for about 2 hr. At the time
of peak severity, AChE was maximally inhibited (82-90%), Radical Oxygen Species
(ROS) markers (F2-IsoPs and F4-NeuroOPs) were elevated 2-6-fold, and the
Radical Nitrogen Species (RNS) marker citrulline was elevated 4-8-fold in discrete
brain regions (cortex, amygdala, and hippocampus). The levels of high-energy
phosphates (HEP) were significantly reduced (ATP, 43-56%; phosphocreatine, 3748%). Values of total adenine nucleotides and total creatine compounds declined
markedly (41-56% and 35-45%, respectively), while energy charge potential remained unchanged. Quantitative morphometric analysis of pyramidal neurons of
hippocampal CA1 sector revealed significant decreases in dendritic lengths (64%)
and spine density (60%). Pretreatment with an NMDA receptor antagonist
Memantine (18 mg/kg, sc), in combination with Atropine sulfate (16 mg/kg, sc),
significantly prevented Carbofuran-induced changes in AChE activity and in levels
of F2-IsoPs and F4-NeuroPs, declines of HEP, as well as alterations in morphology
of hippocampal neurons. These findings suggest that Memantine by preventing
Carbofuran-induced neuronal hyperactivity blocks mechanisms that cause oxidative damage in neurons and support the involvement of ROS and RNS in seizureinduced neuronal injury.
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SILYMARIN PRE-EXPOSURE MODULATES OXIDATIVE
STRESS AND BCL-XL EXPRESSION IN THE LIVER AND
PREVENTS DOXORUBICIN-INDUCED APOPTOTIC
AND NECROTIC CELL DEATHS

N. Patel and S. D. Ray. Mol. Toxicology. Prog., Division of Pharma. Scs., Long
Island University, Brooklyn, NY.
The emergence of silymarin (silbinin) as a natural remedy for liver diseases and its
possible entry into the clinical trial testifies to its anti-hepatotoxic potential. At the
molecular level, silymarin (SMN) has been vouched for by its ability to interfere
with apoptotic signaling pathways while simultaneously acting as a powerful antioxidant. Although DOX is a cardiotoxin, this in vivo study explored whether preexposures to nontoxic doses of SMN can: (i) prevent Doxorubicin (DOX)-induced
hepatotoxicity, (ii) reduce DOX-induced free radical-mediated oxidative stress, (iii)
modulate bcl-XL expression and (iv) minimize DOX-induced apoptotic and
necrotic liver cell deaths. A group of ICR mice (3 months old) were designated as
(1. Control, 2. DOX alone, 3. SMN alone, and 4. SMN+DOX). Groups 1 and 2
received saline injections, whereas groups 3 and 4 were orally gavaged SMN
(16mg/kg body wt./day) for 12 days. On day-12, a LD50 dose of DOX was administered i.p. (60mg/kg) to groups 2 and 4, and all the animals were sacrificed 48
hours later. Analysis of serum and tissue biochemistry revealed DOX-alone caused
frank liver injury (>50-folds ALT) coupled with massive oxidative stress (>20 folds),
DNA fragmentation (>15 folds) and a substantial decrease in bcl-XL expression.
Decrease in bcl-XL translated into an elevated apoptotic, necrotic and apocrotic cell
deaths. Interestingly, SMN exposure prior to DOX dramatically reduced hepatotoxicity and the associated toxic events. SMN also impacted the influence of DOX
on bcl-XL and did not allow its expression to go below control level, which was
mirrored in a clear-cut abolition of all forms of cell deaths in SMN+DOX livers.
Overall, these results demonstrated that SMN may prevent toxic effects of a hydroxyl radical producing hepatotoxin (DOX), neutralize oxidative stress by acting
as a powerful antioxidant, safeguard the integrity of the genome, and antagonize
both apopotic and necrotic cell deaths by influencing the expression of the antiapoptotic gene bcl-XL in the liver in vivo.
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AGE-RELATED ALTERATIONS IN INFLAMMATIONINDUCED NEURONAL OXIDATIVE DAMAGE

D. Milatovic1, S. Milatovic1, R. M. Breyer1, M. Aschner1 and T. J. Montine2.
1
Vanderbilt University, Nashville, TN and 2University of Washington, Seattle, WA.
Aging processes in brain may facilitate the development of Alzheimer’s disease (AD)
in susceptible individuals in part by enhancing vulnerability to cerebral oxidative
damage. Associative data from patients’ tissue and animal models have widely supported the hypothesis that neuronal oxidative damage is a major effector contributing to neurodegeneration. As a measure of oxidative stress, lipid peroxidation and
neurodegeneration, changes in F2-isoprostanes (F2-IsoPs), F4-neuroprostanes (F4NeuroPs), and morphometric parameters of pyramidal neurons were studied in the
brain of young (6 weeks) and aged (21 months) C57Bl/6 mice exposed to intracerebroventricular (icv) administration of lipopolysaccharide (LPS, 5 µg/5 µl). ICV
LPS induced increase in cerebral F2-IsoPs (155%) and F4-NeuroPs (181%) formation 24 h after the exposure. At the same time, pyramidal neurons in the hippocampus of young and old mice had significant reduction in dendritic length
(47%) and spine density (33%) compared to control (100%). Pretreatment with
ibuprofen (14 µg/ml of drinking water for 2 weeks) or α-tocopherol (100 mg/kg,
i.p. for 3 days) completely blocked the icv LPS-induced increase in cerebral F2IsoPs, F4-NeuroPs and decrease in spine density of hippocampal pyramidal neurons in young but not in aged mice. Importantly, young, but not aged EP2 receptor
deficient mice (EP2 -/-, BalbC genetic background) had completely blocked LPSinduced increase in cerebral F2-IsoPs, F4-NeuroPs formation and decrease in dendritic length and spine density of hippocampal pyramydal neurons. These data
strongly suggest that different mechanisms are involved in cerebral neuroprotection
of aged mice compared to young mice. The existence and nature of changes with
aging have important clinical implications for therapeutic strategies for neuroprophylaxis in both normal aging and neurodegenerative disease. (Supported by
ADRC, P50 AG05136 to D.M.).
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IDENTIFICATION OF PHOSPHOLIPIDS TARGETED BY
SPECIFIC CA2+-INDEPENDENT PHOSPHOLIPASE A2
ISOFORMS DURING OXIDANT-INDUCED NEURAL
CELL DEATH

B. Peterson and B. S. Cummings. Pharmacology Biomed Sciences, University of
Georgia, Athens, GA.
Our previous studies demonstrated that inhibition of Ca2+-independent phospholipase A2 (iPLA2), a phospholipid metabolizing enzyme, altered oxidant-induced
(H2O2) cell death in A172 cells, a human glioblastoma cell line. These studies also
demonstrated that A172 cells expressed both cytosolic iPLA2β and microsomal
iPLA2γ. The goal of this study was to identify the roles of each of these isoforms in
oxidant-induced A172 cell death. A172 cells were treated with either solvent control, racemic BEL, S-BEL (an inhibitor of iPLA2β), or R-BEL (an inhibitor of
iPLA2γ), prior to exposure to H2O2 (500 µM) and cell death was assessed using PI
staining and cell morphology. In contrast to racemic BEL, pretreatment of A172
cells with R- or S-BEL prior to H2O2 exposure caused no significant change in the
amount of cell death, compared to H2O2 only treated cells. Cellular phospholipid
profiles were analyzed using electrospray ionization-mass spectrometry to determine which phospholipids are targeted by oxidants during cell death. Treatment of
A172 cells for 12 hr with racemic BEL alone increased 36:1 phosphatidylcholine
(PtdCho) 15% while 500 µM H2O2 alone decreased 30:0 and 32:0 PtdCho 10%
and 15% respectively. Treatment of cells with racemic BEL prior to H2O2 exposure
further decreased 30:0 and 32:0 PtdCho compared to H2O2 only treated cells.
Treatment of cells with S-BEL alone caused no changes in the phospholipid profile;
however R-BEL alone reduced 30:0 and 32:0 PtdCho 30% and 15%, respectively,
and increased 36:1 PtdCho 30%. Pretreatment of cells with R-BEL prior to H2O2
exposure increased the level of 36:1 PtdCho and decreased the levels of 30:0 and
32:0 PtdCho, compared to control cells. Collectively, these data suggest that total
iPLA2 activity, as opposed to the activity of individual isoforms, is more important
in the mediation of oxidant-induced neural cell death. Furthermore, these studies
identified specific phospholipids whose expressions are targeted by specific iPLA2
isoforms during oxidant-induced neural cell death.

500

TISSUE-SPECIFIC DYSFUNCTION INDUCED BY
MENADIONE IN BLOOD VESSELS: MECHANISMS FOR
U-SHAPE DOSE-RESPONSE CURVE

O. Bae, J. Han, K. Lim, S. Chung and J. Chung. College of Pharmacy, Seoul
National University, Seoul, South Korea.
The balance of vasomotor tone in blood vessel is maintained by relaxation regulated
mainly by endothelium and contraction induced by vascular smooth muscles.
Previous studies by our lab have shown that menadione suppresses vasorelaxation

by the inhibition of endothelial nitric oxide synthase. In the present study, we
demonstrate that menadione has two opposing effects on physiological agonist-induced vasoconstriction resulting in the U-shaped response; vasoconstriction induced by phenylephrine or serotonin was potentiated by lower concentration of
menadione (1-10 µM; LM) while it was suppressed by higher concentration of
menadione (> 10 µM; HM) in aortic rings with endothelium. In aortic rings without endothelium, however, the potentiation of vasoconstriction induced by LM
was abolished while HM still suppressed both vasoconstriction and phosphorylation of myosin light chain induced by phenylephrine, suggesting two different
mechanisms are operating dependent upon the concentration of menadione.
Luminol-enhanced chemiluminescence and suppression of vasoconstriction induced by HM were blocked by catalase, but not by superoxide dismutase, in aortic
rings without endothelium. These results suggest that suppression of vasoconstriction induced by HM is caused by generation of hydrogen peroxide in vascular
smooth muscles. In human aortic endothelial cells, LM induced increase of lucigenin-enhanced chemiluminescence and formation of peroxynitrite. These results
suggest that potentiation of vasoconstriction induced by LM is mediated by generation of superoxide anion leading to decrease of nitric oxide availability. Together,
these results suggest that U-shaped response induced by menadione in blood vessel
is mediated through the differential target cell toxicity: potentiation of vasoconstriction results from endothelial dysfunction while suppression of vasoconstriction
is due to direct inhibition of smooth muscle contraction. These results provide a
novel mechanism by which a toxicant induces U-shaped response in tissue composed of different types of cells.
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MOUSE FETAL FIBROBLASTS DERIVED FROM Gclm(-/-)
KNOCKOUT MICE UNDERGO PREMATURE
SENESCENCE IN CELL CULTURE

Y. Chen, H. G. Shertzer, D. W. Nebert and T. P. Dalton. Department of
Environmental Health, University of Cincinnati Medical Center, Cincinnati, OH.
Glutamate cysteine ligase (GCL) is the rate-limiting enzyme in the GSH biosynthesis pathway. The holoenzyme is a heterodimer of the 72.8-kDa catalytic subunit
(GCLC) and the 30.8-kDa modifier subunit (GCLM). GCLM plays an important
role in maintaining GSH homeostasis by optimizing the enzymatic activity of the
holoenzyme. Gclm(-/-) knockout mice have GSH levels only 10% to 40% of that
seen in Gclm(+/+) wild-type mice; mouse fetal fibroblasts (MFFs) derived from
Gclm(-/-) mice are highly sensitive to oxidative stress and oxidant-induced cell
death. The free radical theory of aging suggests that oxidative stress contributes to
the pathophysiology of many aging-related diseases. In this study, we used Gclm(-/) MFF cultures to evaluate cell senescence. Gclm(-/-) MFFs contained 25% of normal cellular GSH levels and showed senescence-like changes at passage 5 (population doubled 10 times) whereas Gclm(+/+) wild-type MFFs did not show
senescence-like changes until passage 10 (population doubled 17 times). The
changes that we observed include: (1) decreased proliferation; (2) senescence-associated β-galactosidase accumulation; (3) prolonged cell cycle, due to prolonged S
and G2/M phases; and (4) histological features of senescent cells. N-acetyl-L-cysteine supplementation increased cellular GSH in Gclm(-/-) MFFs and delayed the
onset of these senescent changes. These results indicate that cellular GSH homeostasis is an important determinant of the senescence process seen in cell culture. —
-Supported in part by NIH grants R01 ES012463 and P30 ES006096.

(+/+) and Nrf2 (-/-) mice. Analysis of variance indicates a significant genotype effect (F1,47= 7.9; p= 0.007) on striatal DAT levels with (-/-) mice having a greater
striatal DAT percent loss than (+/+).
To examine a potential role of in vivo Nrf2 induction on MPTP neurotoxicity, we
examined the effect of the Nrf2 inducer 1,2-dithiol-3-thione (D3T) on MPTP-induced striatal DAT loss in (+/+) mice. D3T was administered orally (0.5mmol/kg)
1, 3 and 5 days prior to MPTP treatment. Striatal DAT levels seven days postMPTP showed that D3T confers a rostrocaudal gradient of protection from MPTP
neurotoxicity, with approximately 30% protection in the rostral striatum and nearly
100% protection in the caudal aspects. This was present in the absence of an effect
of D3T on MPTP metabolism. These findings suggest that the Nrf2 pathway is an
important determinant of the parkinsonian phenotype in the MPTP mouse model.
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IRON OVERLOAD DAMAGES MITOCHONDRIAL DNA
AND INHIBITS RESPIRATION IN VIVO AND IN VITRO

X. Gao, M. Qian, J. Campian and J. Eaton. Brown Cancer center, University of
Louisville, Louisville, KY.
We hypothesis that progressive iron-catalyzed oxidant damage to mitochondrial
DNA (mtDNA) might occur in iron overload and that this might explain the often
lethal cardiac dysfunction. To test this, we employed QPCR to examine the ‘intactness’ of mtDNA in H9c2 rat cardiac myocyte cells exposed to elevated iron (300
uM ferric ammonium citrate). After 3-5 days exposure to high iron, these cells exhibit a profound loss of a near full-length 15.9-Kb mtDNA PCR product whereas
the amounts of a 200bp sequence of mtDNA (used to control for input mtDNA),
a 12-Kb and 300 bp sequence of the beta-globin gene (to control for iron damage
to nuclear DNA) were unaffected by iron loading. Importantly, these changes were
accompanied by a progressive loss of mitochondrial respiratory activity. It appears
that cellular damage by iron is mediated by ROS of mitochondrial origin. Exposure
of wild-type H9c2 cells to even higher iron concentrations (400 uM) for 72 hours
causes cytostasis and, thereafter, cell death whereas rho 0 H9c2 cells (which lack
mtDNA and have little or no respiratory activity) survive and grow normally under
the same conditions. In further experiments, a murine model of iron overload was
employed to determine whether similar iron-mediated changes might occur in vivo.
B6D2F1 mice were subjected to iron overload by intraperitoneal injections of iron
dextran 5 days per week for 3 weeks (total iron dose = 150 mg/mouse). By QPCR,
cardiac mitochondria from iron loaded mice showed loss of full-length 16-Kb
mtDNA product and substantial increases in “loose” intracellular iron. These results support the idea that progressive cardiac mitochondrial dysfunction occurs in
iron overload, consequent to iron-mediated damage to mtDNA. The toxicity of intracellular iron likely derives from metabolically generated ROS, likely to be especially abundant in mitochondria-rich cells such as cardiac myocytes. These experimental systems may be used to assess the effectiveness of various iron chelation
strategies for the treatment of iron overload - and prevention of associated cardiomyopathy - in humans.
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Gclm(-/-) GENE-TARGETED MICE ARE RESISTANT TO
OZONE-INDUCED ACUTE LUNG INJURY

E. Johansson, Y. Chen, S. C. Wesselkamper, G. D. Leikauf and T. P. Dalton.
Department of Environmental Health, University of Cincinnati Medical Center,
Cincinnati, OH.
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IN VIVO ATTENUATION OF THE PARKINSONIAN
PHENOTYPE BY INDUCTION OF THE KEAP1-NRF2
PATHWAY

N. C. Burton, T. W. Kensler and T. R. Guilarte. Environmental Health Sciences,
Johns Hopkins Bloomberg School of Public Health, Baltimore, MD.
Parkinson’s Disease (PD) is a progressive neurodegenerative disorder characterized
by the loss of nigrostriatal dopaminergic neurons. It is hypothesized that damage
from endogenous reactive oxygen species is involved in the disease process.
Administration of 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) produces a parkinsonian phenotype in mice. We hypothesized that in vivo activation of
Nrf2, a transcription factor that regulates the expression of Phase 2 and antioxidative enzymes, is protective in the MPTP-model of PD. We compared the effect of
MPTP administration on dopamine transporter (DAT) levels in the striatum of
wildtype (+/+) and Nrf2 knockout (-/-) mice seven days after exposure. Striatal
DAT level was used as a marker of dopaminergic neuronal terminal integrity. A 20
mg/kg MPTP dose had no significant effect on DAT levels in (+/+) mice, while
DAT levels decreased by 20% in (-/-) mice. This suggests that Nrf2 (-/-) mice are
more susceptible to MPTP toxicity. We then characterized a dose-response curve
following administration of increasing MPTP dose (20, 30, 40 and 60 mg/kg) in

Glutamate cysteine ligase is the rate-limiting enzyme for the synthesis of the antioxidant glutathione (GSH). Glutamate cysteine ligase modifier subunit (GCLM)
binds to the catalytic subunit (GCLC) to increase GSH biosynthesis. Gclm(-/-)
mice have decreased levels of GSH, but otherwise show no overt phenotype. The
role of GSH in acute lung injury was evaluated by comparing Gclm(-/-) and isogenic C57BL/6J Gclm(+/+) mice exposed to 10 ppm ozone. GSH levels in lung homogenate of Gclm(-/-) mice were 32 ± 1.3 % of that in Gclm(+/+) mice.
Surprisingly, Gclm(-/-) mice were resistant to ozone exposure compared to
Gclm(+/+) mice, with mean survival time of 29 ± 0.7 h versus 25.5 ± 0.9 hours, respectively. One reason that may explain the apparent difference in susceptibility
could be a compensatory increase in other antioxidant(s) in lung tissue or lining
fluids. Ascorbate, which can protect against ozone-induced lung injury, was elevated to 125 ± 2.8 % in lung homogenate, and 141 ± 7.6 % in bronchial alveolar
lavage fluid (BALF) in Gclm(-/-) mice relative to control Gclm(+/+) mice. The increase could not be explained by increased basal ascorbate synthesis in lung or liver,
which did not differ significantly between Gclm(+/+) and Gclm(-/-) mice.
Moreover, basal mRNA levels of the ascorbate transporters SVCT1 and SVCT2
were not significantly elevated in lung in Gclm (-/-) mice relative to Gclm(+/+)
mice. Indeed, few changes in gene expression (determined by microarray) were observed in RNA isolated from the lungs of Gclm(+/+) compared to that isolated from
the lungs of Gclm(-/-) mice. Although Gclm(-/-) mice are resistant to ozone-induced
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acute lung injury and this may be a consequence of increased ascorbate, the mechanism remains to be fully determined. —-Supported in part by NIH grants R01
ES012463 and P30 ES006096.
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A MODEL SYSTEM TO ASSESS THE ROLE OF
MODULATED GLUTAMATE-CYSTEINE LIGASE IN
TOXICANT INDUCED OXIDATIVE STRESS

D. Botta, L. A. McConnachie, C. Fernandez, P. A. Vliet, C. C. White and T. J.
Kavanagh. Environmental and Occupational Health Sciences, University of
Washington, Seattle, WA.
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TRANSFECTION WITH HUMAN GSTA4-4 ENHANCES
RESISTANCE TO OXIDATIVE STRESS AND
ACTIVATION OF GROWTH FACTORS IN VASCULAR
SMOOTH MUSCLE CELLS VIA BAD PATHWAY

S. Dwivedi1, Y. Yang1, Y. C. Awasthi2 and P. J. Boor1. 1Pathology, University of
Texas Medical Branch, Galveston, TX and 2Human Biological Chemistry and
Genetics, University of Texas Medical Branch, Galveston, TX.
Background: The role of α-class mammalian Glutathione S-Transferases (GSTs) in
the protection of many cell types, including endothelial cells, against oxidative
stress has been demonstrated, however their role in vascular smooth muscle cells is
not well studied. Lipid peroxidation due to oxidative stress has been implicated as a
cause of atherosclerosis.
Objective: The main objective of our present study is to define the role of
GSTs(GSTA4-4), a major detoxification and anti-oxidant enzyme, in oxidative
stress induced cytotoxic
signals leading to cell death(apoptosis) or growth in human vascular smooth muscle cells.
Methods: A stable transfection of vascular smooth muscle cells derived from human
fetal aorta, with hGSTA4, a DNA construct of a human α-class GST, GSTA4-4,
which has substrate specificity for 4-hydroxy nonenal (4-HNE), was established.
MTT cytotoxicity assay, Western Blot, caspase assay and tunnel assay were used to
compare oxidative damage on exposure to various toxicants including H2O2,
Allylamine, Acrolein and 4-HNE.
Results: Transfected cells expressed significantly increased resistance to the cytotoxicity of allylamine, acrolein, 4-HNE and H2O2 (p<0.05). Transfected cells also
demonstrated higher growth rate compared to wild-type or vector transfected cells.
Overexpression of hGSTA4-4 protected human vascular smooth muscle cells from
apoptosis. Transfected cells also showed activation of growth factors ERK and
p90RSK and down-regulation of Bad.
Conclusions: Our study shows that hGSTA4-4 plays an important role in protection against oxidative stress mediated cytotoxicity and programmed cell death. Our
findings further demonstrate that the role of GSTA4-4 may not only be limited to
protection of cells against oxidative stress but may also have a vital role in control of
cell growth during atherogenesis.
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HEPATIC OXIDATIVE STRESS RESPONSE TO CCL4

T. Sicilia1, R. Alvarez Sanchez2, R. Haas2, A. Goetschi2, F. Boess2, A. Mally1,
A. Paehler2, W. Dekant1 and W. Voelkel1. 1toxicology, university of Wüerzburg,
Wüerzburg, Germany and 2Pharmaceuticals, F. Hoffmann-La Roche LTD., Basel,
Switzerland.
Oxidative stress plays a key role in the pathogenesis of diseases such as cancer, cardiovascular or neurodegenerative diseases. Increasing research focus has been put on
biomarkers to assess oxidative stress status of tissues. Here, rats were administered a
single dose of CCl4 (0, 0.25, 1 ml/kg body weight) in 3 groups (n=3). After 24
hours hepatic levels of 8-iso prostaglandin F2a (8-iso PGF2a), the glutathione
(GSH) conjugate and mercapturic acid of 4-hydroxy-2(E)-nonenal (HNE-MA)
and its reduced metabolite (DHN-MA) were determined parallel to GSH and
GSSG levels. All tissue biomarkers were analyzed by LC-MS/MS. Analysis was also
conducted in rat hepatocytes exposed to CCl4.
In hepatocytes, HNE-GSH levels increased from < 1 pmol/1E6 cells to 2.8 ± 0.1
and 18.5 ± 0.8 at 1 h after treatment at 1 and 4 mM. This effect was also observed
5 h after treatment, however lacking dose-response. GSSG levels increased from 1.3
± 0.8 % of total GSH (controls) to 2.4 ± 0.2 (1 mM) and 3.5 ± 0.2 (4 mM) at 1 h
after treatment and further increased at 5 h. GSH levels in hepatocytes were not affected by CCl4 treatment. Rat liver HNE-MA and DHN-MA levels did not increase but decreased from about 2.60 pmol/g tisues (DHN-MA) and 1.08 pmol/g
(HNE-MA) in the controls (C) to about 0.61 and 0.15 in the low dose group (L)
and to 0.48 and 0.18 in the high dose group (H). This decrease might be explained
by a decrease in hepatic GSH levels from 5.9 ± 0.2 to 4.2 ± 1.7 µmol/g in conbination with an increase in hepatic GSSG although not statistically significant 24 h
after treatment. 8-iso PGF2a increased dose-dependently from 8.4 ± 0.6 ng/g (C)
to 13.2 ± 4.2 (L) and 16.6 ± 3.8 (H) however only significant for H. In hepatic tissue in vivo, 8-iso PGF2a proved to be a suitable marker for oxidative stress-mediated lipid peroxidation; HNE-conjugates represent sensitive markers for lipid peroxidation in primary hepatocytes. Further biomarker validation for in vivo studies
warrant a time and dose-response study including hepatic antioxidant status.
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Glutathione, (GSH; γ−glutamylcysteinylglycine), a tripeptide antioxidant protects
cells against oxidative damage from reactive oxygen species and plays a crucial role
in the detoxification of xenobiotics. Glutamate-cysteine ligase (GCL) carries out
the rate-limiting and first step in GSH synthesis. GCL consists of two subunits; a
catalytic subunit (GCLC) and a modifying subunit (GCLM). GCLC is responsible
for all the catalytic functions of the holoenzyme; while GCLM, the modifier subunit, influences the catalytic efficiency of GCLC by lowering the Km for glutamate
and ATP, and increasing the Ki for GSH feedback inhibition. We have generated
C57Bl/6 mice that conditionally over express GCL as well as GCLM null mice.
These mice enabled us to independently study the role of increased GSH as well as
the lack of GSH on oxidative damage from various toxicants. Recently we have
crossed these two lines to generate mice that possess both the GCLM null construct
as well as the constructs to conditionally over express GCLM. This has allowed us
to adjust the level of GCLM in these mice from none to approximately 3 fold
higher than wild type levels of expression. When GCLM expression is induced,
GCL activity was increased (up to 2.5 fold) and GSH levels were increased 1.4 fold
and 2 fold in heterozygous and homozygous GCLM null mice carrying the inducible GCLM transgene, respectively. These data confirm the important role of
GCLM in modulating GCL activity and GSH levels, and this model provides a
convenient experimental system in which to test the role of GCL and GSH in toxicant induced oxidative stress.
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PROSTAGLANDINS STIMULATE GSH EFFLUX IN
HUMAN EPITHELIAL CELLS

B. J. Day1, 2, 3, C. T. Kariya1 and E. Min3. 1Molecular Toxicology, UCHSC, Denver,
Co., 2Medicine & Immunology, UCHSC, Denver, CO and 3Medicine &
Immunology, NJMRC, Denver, CO.
Prostaglandins (PGs) and leukotrienes (LTs) are bioactive lipids and metabolic
product of arachidonic acid (AA). PGs are know for an array of responses in cells
involved in maintaining normal homeostasis as well as in disease states. PGs are important mediators of inflammation. Glutathione (GSH) is also involved in the formations of PGs. A number of lung diseases such as asthma, and COPD have elevated levels of PG-E2, and GSH in epithelial lining fluid (ELF) whereas, in
idiopathic pulmonary fibrosis (IPF) is associated with reduced levels of ELF PG-E2
and GSH. Currently, very little is known as how PGs can modulate GSH efflux in
ELF. We wanted to test the hypothesis that PGs signals the epithelium of lung to efflux GSH into the ELF inorder to modulate inflammation. We have used three
human epithelial cell lines, namely A549, Cystic fibrosis transmembrane conductance regulator (CFTR) sufficient C38, and CFTR deficient IB3 cells. Rationale
behind using CFTR sufficient and deficient cell lines was based on fact that CFTR
gene regulates 50% of GSH efflux in ELF. Cells were grown on an air-liquid interface and exposed to either mixture of PGs or individual PGs for 48 hours. Apical
media was collected and analyzed for GSH by HPLC. PG mixture A – J2 caused an
increase in apical GSH concentrations in dose-depended manner in all three-cell
lines. Next, we wanted to investigate the role of individual PGs in GSH efflux. We
observed that PGs A2 and E2 increased the GSH efflux in apical compartment in
all cell lines used. This effect may be receptor mediated, since PGs are known to
stimulate prostanoid receptors as well as peroxisome proliferators-activated nuclear
receptors (PPAR). Alternatively, it is also possible that PGs may conjugate with
thiol groups and activate electrophile responsive element (EpRE), in turn increasing
the expression of glutamate cysteine ligase (GCL), the rate-limiting enzyme in
GSH synthesis. Further studies are warranted to understand the mechanism of PGs
induced GSH efflux. (Supported in part from NIH grant HL075523A)
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ADDUCTION KINETICS OF 4-HYDROXY-2-NONENAL
ON HUMAN SERUM ALBUMIN

M. E. Szapacs, J. N. Riggins, L. J. Zimmerman and D. C. Liebler. Biochemistry,
Mass Spectrometry Research Center, Vanderbilt University, Nashville, TN.
The α,β-unsaturated aldehyde 4-hydroxy-2-nonenal (HNE) is a product of lipid
oxidation due to oxidative stress and forms Michael adducts on histidine, lysine and
cysteine residues of proteins. Proteins adducted with HNE have been detected in
patients with atherosclerosis, Alzheimer’s disease, Parkinson’s disease, diabetes and
cancer. Human serum albumin (HSA) is an abundant serum protein that binds

fatty acids, drugs and other proteins in blood. HNE adducts of HSA may be markers of oxidative stress in vivo. To evaluate site-specific HNE adduction reactions, we
analyzed reaction kinetics for HNE adduction at several sites to identify residues
that are most likely to serve as sensitive biomarkers of oxidative stress and disease.
HSA was adducted with HNE in vitro and analyzed using LC-MS-MS and MSMS spectra of adducts were identified using the P-Mod algorithm. Once sites of adduction were identified, the reaction kinetics were analyzed by LC-MS-MS using
stable isotope tagging with phenyl isocyanate. We identified 11 sites of HNE modification and we were able to measure the reaction kinetics for 6 of these sites. The
relative rate constants ranged from 1 to 6.7×10-5 with the order of reactivity as:
H242>H510>H67>H247>H367>K233. H242, located on the interior of a fatty
acid/drug binding cavity in subdomain IIa of HSA was maximally adducted most
rapidly and thus appears to be a ‘hot-spot’ for HNE modification. Analysis of HSA
structure and pKa calculations using PROPKA suggest that the optimal orientation
of the HNE molecule in the binding cavity and the low pKa of H242 lead to its
high reactivity. This study identifies H242 as a possible early biomarker for oxidative stress and disease and demonstrates that protein adduction kinetics are largely
dependent on the local biochemical environment of the residue. (Supported by
NIH Grant DK071304.)
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ABSENCE OF GST-Π INCREASES SENSITIVITY OF
MALE MICE TO THE ENVIRONMENTAL ALDEHYDE
ACROLEIN

D. J. Conklin1, A. Bhatnagar1 and R. Prough2. 1Cardiology, University of
Louisville, Louisville, KY and 2Biochemistry & Molecular Biology, University of
Louisville, Louisville, KY.
Glutathione-S-transferases (GSTs) are a ubiquitous group of isozymes (e.g., α, µ, π,
θ, ζ,, ω) that catalyze glutathione (GSH) conjugation of a variety of electrophiles in
Phase II detoxication. To test for a protective role of GST-π in aldehyde toxicity,
GST-π wild type (WT) and knockout (KO) mice on a C57Bl/6 genetic background were gavaged with acrolein (1-40 mg/kg body weight) and percentage survival determined. The oral LD50 of acrolein determined in male and female GSTπ WT and KO mice ranged from 8-17 mg/kg (approximately 1⁄ 4 the reported oral
LD50). Young male GST-π KO mice were significantly more sensitive (P<0.05) to
acrolein-induced lethality at 10 mg/kg than both age-matched male GST-π WT
mice and female WT and KO mice. No mortality was observed in any group of
mice at acrolein dose of <5 mg/kg. Moreover, no differences in percentage survival
were observed between GST-π male WT and female WT or KO mice. To determine the mechanism of enhanced sensitivity of male KO mice to acrolein, agematched GST-π WT and KO male mice were gavaged with water or acrolein in
water at non-lethal doses (1 and 5 mg/kg) and systemic markers of sublethal toxicity (e.g., plasma albumin, ALT, GSH, LDH, plasma lipids, blood glucose, hematocrit, organ/body weight ratio, etc) were determined at 4h and 24h after exposure.
Although acrolein (5 mg/kg) induced significant alterations in plasma albumin,
protein, and cholesterol levels, these changes were similar in magnitude in male
GST-π WT (mean±SE in % change from control: cholesterol, 197.6±9.9, n=5) and
KO cholesterol, 194.1±4.0, n=4) mice. These data suggest that GSTP1 protects
male mice against acrolein toxicity. Hence human males with polymorphic GSTP1
gene may be more sensitive to environmental acrolein exposures. Supported in part
by USPHS grant 1P01 ES11860.
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AUTOMATED ANALYSIS OF OXIDATIVE INJURY IN AN
ANIMAL MODEL OF PARKINSON’S DISEASE

M. E. Cuda1, J. Callio2, C. Chu2, L. Reuter1, O. Lapets1 and J. R. Haskins1.
1
Cellomics, Inc., Pittsburgh, PA and 2Department of Pathology, University of
Pittsburgh School of Medicine, Pittsburgh, PA. Sponsor: A. Barchowsky.
Parkinson’s disease is a neurodegenerative disease characterized by a progressive loss
of the dopaminergic neurons in the substantia nigra pars compacta, and their associated terminals in the striatum. Loss of these neurons is accompanied by decreases
in the dopaminergic-associated enzyme, tyrosine hydroxylase (TH). Astrocyte hypertrophy (known as gliosis), often accompanies this neuronal loss and has been associated with increases in glial fibrillary acidic protein (GFAP). In this study we
show how High Content Analysis (ArrayScan® HCS Reader with Slideport™
slide insert) can be utilized to automatically analyze tissue sections obtained from
mice treated with 1-methyl-4-phenyl-1,2,3,6-tetrahydro-pyridine (MPTP), an oxidative injury model that mimics Parkinson’s. Quantitative differences in TH and
GFAP levels were detected between control and treated animals. This study shows
how HCA can be leveraged to analyze samples that previously could only be examined using traditional microscopy, including cells grown on cover slips, TMAs, and
tissues sections, among others.
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METAL OXIDE NANOPARTICLES PRODUCE
OXIDATIVE STRESS IN CNS MICROGLIA AND
NEURONS

T. Long1, N. Saleh2, T. Phenrat2, C. Swartz1, J. Parker3, G. V. Lowry2 and B.
Veronesi4. 1Department of Environmental Sciences and Engineering, UNC, Chapel
Hill, NC, 2Civil and Environmental Engineering, CMU, Pittsburgh, PA,
3
Bioinformatics, Constella Health Sciences, Research Triangle Park, NC and
4
NHEERL, NTD, USEPA, Research Triangle Park, NC.
Metal nanoparticles (NP) such as zero valent iron (Fe0), magnetite (Fe3O4) and titanium dioxide (TiO2) are used in the remediation of ground-water and air decontamination. Because they could enter biological organ systems such as the brain,
their ability to produce oxidative stress (OS) in CNS microglia and OS-sensitive
neurons was tested. Fe0 and TiO2 were tested as commercially available “bare” NP
and after being surface-modified with sodium dodecylbenzene sulfonate (SDBS) to
maintain NP size and dispersion during cellular exposures. Physical characteristics
(i.e., zeta potential, particle size distribution, dispersion stability) were measured in
distilled water and DMEM cell culture media. Immortalized C57 mouse microglia
and mesencephalic dopaminergic neurons were exposed to bare and surface-coated
Fe0 (1-15 ppm) or TiO2 (10-150 ppm) NP. Endpoints, associated with initial expression of OS (e.g., intracellular levels of ATP, mitochondrial depolarization, oxidative burst) were measured with various fluoroprobes. Microglia, exposed for 18
hr to Fe0, Fe3O4, or TiO2 were examined by transmission electron microscopy.
RNA, extracted from the microglia exposed to Fe0 and Fe3O4, was analyzed using
Affymetrics M430 2.0 chips. Our results indicate that both Fe0 and TiO2 (bare,
SDBS) affected ATP levels, mitochondrial depolarization and stimulated the oxidative burst in both neurons and microglia. Ultrastructural images and genomic
(i.e., heat maps and cluster analysis) results on the microglial response to Fe0 and
Fe3O4 will be presented. (This abstract has been reviewed by the USEPA,
NHEERL and does not necessarily reflect its policy).
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MLH1-DEPENDENT RESPONSES TO 2-AMINO-1METHYL-6-PHENYLIMIDAZO [4,5-B] PYRIDINE (PHIP),
A FOOD-BORNE CARCINOGEN

S. L. Smith-Roe and A. B. Buermeyer. Environmental and Molecular Toxicology,
Oregon State University, Corvallis, OR.
The DNA mismatch repair (MMR) pathway maintains genomic stability and reduces cancer risk (colorectal and other internal cancers) by correcting polymerase
errors and activating cell cycle checkpoints and apoptosis in response to DNA damage. Few studies have examined the influence of commonly encountered environmental mutagens/carcinogens on the etiology of MMR-deficient cancers. 2Amino-1-methyl-6-phenylimidazo [4,5-b] pyridine (PhIP) is a cooked-meat
mutagen implicated in human colorectal carcinogenesis. To determine whether
PhIP represents a cancer risk to individuals with MMR-deficiency, we exposed
Mlh1-/- mice carrying the cII transgene to eight i.p. injections of 50 mg/kg PhIP.
Mlh1-/- mice were hypermutable by PhIP in colon and small intestine, demonstrating specific increases in mutations not typically associated with PhIP. In contrast,
G/C to T/A transversions, the “signature PhIP mutation” were similarly induced in
Mlh1-/- and wild-type mice. In cancer studies, Mlh1-/- mice showed heightened susceptibility to induction of colonic aberrant crypt foci (a biomarker for colon carcinogenesis), whereas adenomas of the small intestine were not induced. MMR-deficient colorectal cancer cells are resistant to PhIP-induced cytotoxicity, suggesting
that activation of cell cycle checkpoints and apoptosis by MMR also may contribute to suppression of PhIP-induced tumorigenesis. Therefore, we are investigating the effect of Mlh1-deficiency on PhIP-induced changes in cell proliferation and
apoptosis in vivo at 8, 16, 24, and 48 hours after exposure. Preliminary results suggest that an Mlh1-dependent apoptotic response in the proliferating compartment
of the murine colonic crypt occurs as early as 8 hours after exposure. Taken together, MMR appears to suppress PhIP-induced carcinogenicity (ACF) in mouse
colon by suppression of mutation and clonal expansion, suggesting that further
evaluation of the risk that consumption of heterocyclic amines may impart to
MMR-deficient individuals is warranted.
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MUTAGENIC AND CARCINOGENIC POTENTIAL OF
MENADIONE

C. Cojocel1, L. Novotny2 and A. Vachalkova3. 1Pharmacology and Toxicology,
Kuwait University, Safat, Kuwait, 2Pharmaceutical Chemistry, Kuwait University,
Safat, Kuwait and 3Cancer Research Institute, Slovak Academy of Science, Bratislava,
Slovakia.
Carcinogenic potential of menadione was determined by a DC polarography
method in strictly anhydrous N,N-dimethylformamide (DMF) in the presence of
α-lipoic acid.
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Superoxide anion formation was measured after incubation of rat lung, liver and
kidney microsomes with menadione. The genotoxic potential of menadione was investigate using the unscheduled DNA synthesis (UDS) and alkaline elution assays.
The parameter of potential menadione carcinogenicity tg α was 0.0025 indicating
no carcinogenic activity of menadione. Superoxide anion was generated in a concentration-dependent manner when menadione was incubated with microsomes.
In the mammalian cells (A 549) used for alkaline elution and UDS assays, menadione was cytotoxic at concentrations above 20 nmol/ml. The use of S9 mix fractions decreased the cytotoxicity of menadione. In the concentration range of above
20 nmol/ml, menadione was genotoxic in the UDS test in absence of metabolic activation. In the presence of metabolic activation the menadione-induced DNA
damage and repair was greatly reduced. Treatment of A 549 lung cells with NQO
caused significant formation of DNA single-strand breaks in the absence and the
presence of metabolic activation. Treatment of A 549 lung cells with menadione
caused formation of DNA single-strand breaks in the absence of S9 mix. In the
presence of metabolic activation menadione caused no significant formation of
DNA strand breaks isolated from nuclei. Menadione-induced DNA repair in A 549
cells was concentration-dependent. Measurement of unscheduled DNA (UDS)
synthesis (repair) following treatment with 4-nitroquinoline-N-oxide (NQO) and
menadione yielded strong UDS responses. Taken together the results of these studies suggest the mutagenic potential of NQO and menadione. Supported by Kuwait
University Research Grant No. PC 02/99
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STUDIES OF CYTOTOXICITY, GENOTOXICITY AND
APOPTOSIS CAUSED BY C6-C9-ALDEHYDES IN A549
CELLS

V. H. Mersch-Sundermann, E. Hepfner and T. Stahl. Department of Indoor and
Environmental Toxicology, University of Giessen, Giessen, Germany. Sponsor: J.
Pauluhn.
It is known that aldehydes may cause mucosal irritations and neurological effects in
high concentrations. However, data on the toxicity of volatile aldehydes - especially
of aliphatic saturated C6-C9 aldehydes (ASA) which are released from various
building materials and therefore appear in indoor air - are rare and not sufficient to
evaluate human risk. Therefore, in the present study we investigated the cytotoxicity, genotoxicity and apoptosis induction of hexenal, heptenal, octenal and nonenal
using the human lung carcinoma cell line A549. In our experiments A549 cells
were treated with 25 to 800 µM ASA for 3h. Then cytotoxicity (LDH assay), induction of micronuclei (MN), and DNA migration in the alkaline single gel cell
electrophoresis assay (SCGE) was investigated. Additionally, lipid peroxidation
(LPO) was determined by TBA assay. To identify apoptotic effects, the phosphatidylserine (PS) externalization using the Annexin-V/FITC assay and subG1
peaks were measured by flow cytometry (FACS). To evaluate the bioavailability of
the test compounds, the concentrations of ASA were monitored by gas chromatography/mass spectrometry (GC-MS) in the cell cultures. All compounds tested induced a significant dose dependent DNA migration (SCGE) after exposure to 25800 µM ASA. However, no induction of micronuclei, lipid peroxidation and
apoptosis could be observed. LDH increases appeared when A549 cell were exposed to concentration 25 µM ASA. Because of their volatility ASA were available in the cell cultures only for about one hour (GC-MS). Although ASA caused
DNA migration (SCGE) this result did not provide evidence for genotoxicity because DNA migration without MN induction emphasizes that other mechanisms
than DNA damage may be responsible for the effects in the SCGE. Additionally,
since apoptosis as a pivotal inducer of DNA fragmentation was not detectable, the
only explanation of SCGE effects of ASA may be their cytotoxicity. In general, the
study also indicated problems when examining volatile compounds in standard cell
cultures.
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IN VIVO GENOTOXIC EFFECT OF HEXAVALENT
CHROMIUM IN RAT LEUKOCYTES USING COMET
ASSAY

A. K. Patlolla1 and P. B. Tchounwou2. 1Biology/Environmental Science, Jackson
State University, Jackson State University, MS and 2Biology/Environmental Science,
Jackson State University, Jackson, MS.
Chromium exists mostly in two valence states in nature: hexavalent [Cr (VI)] and
trivalent [Cr (III)]. Hexavalent chromium is commonly used in industrial chrome
plating, welding, painting, metal finishes, steel manufacturing, alloy, cast iron and
wood treatment, and is proven toxin, mutagen and carcinogen. The mechanistic
cytotoxicity of chromium (VI) is not completely understood. In the present investigation, single-/double stranded DNA breaks by potassium dichromate
[K2Cr2O7] in Sprague-Dawley rats, a sensitive model for genotoxic effects, have
been studied in vivo using alkaline single-cell gel electrophoresis [SCGE] comet
assay. Four groups of 5 male rats each weighing an average of 60 + 2 g were used in
this study. Potassium dichromate was intraperitoneally administered to the rats at
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the doses of 2.5, 5, 7.5 and 10 mg/kg bodyweight (BW), and one dose per 24 hours
given for 5 days and samples of whole blood were collected at 24, 48, 72 and 96 h
post-treatment for alkaline SCGE assay to study DNA damage. A control group
was also made of 5 animals injected with distilled water without chemical. The rationale for using leukocytes was to reflect biomarker analysis in humans. All the
doses of potassium dichromate induced significant increase in mean comet tail
length [6.23 – 33.42 µM] indicating DNA damage when compared with controls
[2.79 µM]. Maximum increase in mean comet tail length was observed at 10
mg/kg (BW) at 48h post-treatment [33.42 µM]. The mean comet tail length
showed a clear dose-dependent increase from 2.5 to 10 mg/kg BW. A gradual decrease in the tail lengths from 72h post-treatment [3.74 µM] was observed by the
96h and values had returned almost to control levels at all doses, indicating repair
of the damaged DNA and/or loss of heavily damaged cells. The study indicates that
the alkaline comet assay is a reliable, sensitive and rapid method to detect DNA
damage caused by heavy metals such as chromium.
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EFFECTS OF SKIN METABOLISM ON THE
GENOTOXIC POTENTIAL OF AROMATIC AMINES

A. Zeller1, L. Richoz1, C. Goebel2 and S. Pfuhler2. 1Toxicology, Cosmital SA,
Marly, Switzerland and 2Product Safety, Wella AG, Darmstadt, Germany. Sponsor:
R. Fautz.
Depending on the route of exposure, the metabolic profile for aromatic amines can
be very divers. While it is well known that some aromatic amines can be activated
in the liver by N-hydroxylation followed by O-acetylation, N-acetylation is recognized as a detoxification step. In the skin N-acetylation by N-Acetyltransferanse 1
(NAT1) seems to be the main pathway for aromatic amines, while in the liver other
metabolic pathways are prevalent. Using a standard approach including the standard metabolizing system (rat liver S9) may therefore lead to results which are irrelevant for human risk assessment of dermally applied aromatic amines. In order to
prove this hypothesis we have selected two aromatic amines which are widely used
in oxidative hair dyes, para-phenylene-diamine (PPD) and para-toluene-diamine
(PTD), and subjected them to a comparative analysis of the genotoxic potential together with their mono- and di-acetylated metabolites. Both PPD and PTD were
highly mutagenic in the Salmonella Typhimurium strain TA98 in the presence of
S9 as they induced a more than 30-fold increase of the mutation frequency at low
concentrations, whereas their mono- and di-acetylated metabolites were not mutagenic. In the Comet assay in V79 cells PPD and PTD induced DNA strand breaks
in the presence and absence of S9. As before, the genotoxic potential was diminished when the acetylated metabolites were tested. Further confirmation that Nacetylation by NAT in the skin is a very effective detoxification step was achieved by
exposing cell lines which are considered more relevant for the dermal exposure
route, the human keratinocyte cell line HaCaT and V79 cells which both express
the human NAT1 gene, with PPD and PTD in the Comet assay. Taken together,
the results suggest that the use of a standard in vitro genotoxicity test battery will
usually overestimate the genotoxic hazard of dermally applied aromatic amines.
Using an approach which considers the specific aspects of topical exposure as described above can contribute to improving the risk assessment for dermally applied
aromatic amines.
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CHRONIC EXPOSURE TO LEAD CHROMATE CAUSES
CENTROSOME AMPLIFICATION AND ANEUPLOIDY
IN HUMAN LUNG CELLS

A. L. Holmes1, 2, S. S. Wise1, 2, S. J. Sandwick1, 2, W. L. Lingle3 and J. P. Wise1, 2,
4 1
. Wise 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, 3The Tumor Biology Program,
Division of Experimental Pathology, Mayo Clinic and Foundation, Rochester, MN
and 4Department of Applied Medical Sciences, University of Southern Maine,
Portland, ME.
Hexavalent chromium (Cr(VI)) compounds are well established human lung carcinogens. Solubility plays a key role in the carcinogenicity of Cr(VI), with the most
potent carcinogens being the particulate Cr(VI) compounds, however, their carcinogenic mechanism remains poorly understood. We investigated the hypothesis
that chronic exposure to particulate Cr(VI) is involved in their carcinogenic mechanism. We found that chronic exposure to lead chromate induced a concentrationand time-dependent increase in aneuploid cells progressing from no increase in aneuploid cells at 24 h to a 120 h exposure to 0.5 and 1 µg/cm2 lead chromate inducing 55% and 60% aneuploid metaphases. We also found that many of these aneuploid cells were able to continue to grow and form colonies. We investigated the
possible role that centrosome amplification was playing in this aneugenic effect and
found that lead chromate induced a concentration- and time-dependent increase in
centrosome amplification in both interphase and mitotic cells. Specifically, a 120 h
exposure to 0.5 and 1 µg/cm2 lead chromate induced 18% and 21% of interphase

cells with greater than 2 centrosomes and 32 and 69% of mitotic cells with greater
than 2 centrosomes, respectively. Chronic exposure to lead chromate also caused
aberrant mitoses with the emergence of disorganized anaphase and mitotic catastrophe. These data suggest that one possible mechanism for lead chromate-induced
carcinogenesis is through centrosome amplification leading to the induction of aneuploidy. This work was supported by NIEHS grant ES10838 (J.P.W.).
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ARSENITE CO-EXPOSURE DISRUPTS P53-MEDIATED
RESPONSES TO BPDE INDUCED DNA DAMAGE IN
HUMAN LUNG CELLS
G. Jiang and J. States. Pharmacology & Toxicology, University of Louisville,
Louisville, KY.
Benzo[a]pyrene (BP) is a major carcinogen in cigarette smoke. The BP metabolite
benzo[a]pyrene-7,8-dihydrodiol-9,10-epoxide (BPDE) is the ultimate carcinogenic
form of BP. BPDE induced mutagenesis is believed to play an important role in
lung cancer. Arsenic is number 1 on the ATSDR list of hazardous chemicals and
causes lung, skin and bladder cancer. Epidemiological data suggest that lung cancer
incidence in smokers may be exacerbated by consumption of arsenic contaminated
water. In this study, we investigated how arsenic exposure affects p53 mediated responses to BPDE-induced DNA damage in human lung cells. Western blot analysis showed that induction of p53, p53S15P, p21CIP1/WAF1, cyclin D and
CDC2Y15P by arsenite-BPDE co-exposure was both time- and dose-dependent.
Arsenite-BPDE co-exposure increased expression of p53, p53S15P,
p21CIP1/WAF1 and cyclin D in contrast to BPDE exposure alone in A549/LXSN
cells (p53 expressing). In A549/E6 cells (p53 deficient), co-exposure increased expression of CDC2 and CDC2Y15P in contrast to BPDE exposure alone. In
A549/LXSN cells, co-exposure decreased the expression level of CDC2 and phosphorylated pRB in contrast to BPDE exposure alone. Cellular sensitivity results
showed distinguishable differences between A549/LXSN and A549/E6 cells after
co-exposure. A549/LXSN cells with p53 expression are resistant to the exposure,
whereas p53 deficient A549/E6 cells exhibit low survival. BPDE-DNA adduct removal is p53 dependent for efficient global genomic DNA repair. Immuno-slotblot assay of BPDE-DNA adducts indicated that arsenite-BPDE co-exposure decreases the BPDE-DNA adduct repair rate in p53 expressing cells but had no effect
on BPDE-DNA adduct levels in p53 deficient cells. The results indicate that arsenite may exacerbate lung carcinogenesis by interfering with the p53 mediated responses to BPDE-induced DNA damage. (Supported by KSEF-614-RDE-0006
and USPHS ES011314)
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CHARACTERIZATION OF DNA-CYTOKERATIN
ADUCTS INDUCED BY ARSENIC
P. Ramirez, M. Hernandez, N. Gonzalez, R. Vera and G. Vargas. Facultad de
Estudios Superiores Cuatitlan, UNAM, Cuatitlan, Mexico. Sponsor: M. Gonsebatt.
DNA-protein crosslinks (DPC) has been proposed as indicator of early cellular
damage. Several carcinogens such as chromate, arsenic, formaldehyde, β-propiolactone, and some important chemotherapeutic drugs as cisplatin and melphalan induced the formation of crosslinks between DNA and proteins. It has been proposed
that arsenite-induced DPC could impair DNA replication, leaving unreplicated
stretches that might result in chromosome and chromatid-type aberrations and
generating aneuploid cells trough the disruption of cytoskeletal proteins such as cytokeratins. In this work we investigated by a capillary electrophoresis-based method
DNA-cytokeratin-arsenic interactions in order to know protein-DNA affinities.
After cytokeratin immunoprecipitation from BALB/c mouse liver homogenates,
cytokeratins were incubated at 37°C in physiological conditions (10 mM Tris-HCl,
pH 7.2, 3 mM MgCl2, 50 mM NaCl, 0.1 mM EDTA, 0.1% NP-40, 2 mM DTT,
5% glycerol and 0.4 mg/ml BSA) for 15 min with single stranded oligonucleotides
5’ ATC TTG GTG ATG CCT TGG ACA 3’. Good resolution of free DNA and
DNA-CK18 complexes were obtained under the described conditions. The results
showed that induced DPC are non-covalently linked cytokeratin-oligonucleotide
complexes. There are important differences between the migration time of the
oligonucleotides and the complexes. The appearance and subsequent increase of the
protein-DNA complexes correlated with the decrease in the amount of free DNA.
These results show that the proteins can spontaneously interact with DNA and
would help characterized the role of the metals in the induction of DPC.
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INFLUENCE OF SOLVENTS ON AMES II RESULTS OF
DIFFERENT CARBOXYLIC ACID HALIDES
A. Amberg, K. Braun, H. Kauffmann, H. Spirkl, I. Stammberger and A. Czich.
Drug Safety Evaluation, Sanofi-Aventis, Hattersheim, Germany. Sponsor: M.
Bonnefoi.
Carboxylic acid halides are known as potential mutagenic toxicophores, which are
detected by the software for prediction of toxicity DEREK (Deductive Estimation
of Risk from Existing Knowledge). This is based on several examples of Ames posi-

tive alkyl or aryl substituted carboxylic acid chlorides available from the NTP
Salmonella database. To investigate the influence of solvents on results of mutagenicity assays, we tested some of these Ames positive carboxylic acid chlorides and
additionally other carboxylic acid halides in the Ames II assay, a liquid microtiter
modification of the standard Ames plate incorporation test, using deionized water
and DMSO as solvents. The tested compounds were acetyl chloride, acetyl bromide, acetyl iodide, octanoyl chloride, benzoyl chloride, benzoyl bromide, phenylacetyl chloride and 3-phenylpropionyl chloride. When using water as solvent, all
carboxylic acid halides were negative in Ames II, except acetyl bromide, which was
positive in strains TAMix (TA7001-7006) without metabolic activation at 1600
µg/ml. But in contrast to these results, using DMSO as solvent lead to positive
Ames II results for all compounds with and without metabolic activation beginning
at 16 µg/ml, with higher mutagenic activity in strains TAMix than in TA98. These
results may be explained by different reactions of the compounds in the solvents.
Carboxylic acid halides in water should completely react to the corresponding and
non-mutagenic carboxylic acids and hydrohalide acids. But when using DMSO as
solvent, besides the corresponding carboxylic acids, dimethylsulfide halides are also
formed as reaction products of DMSO. These dimethylsulfide halides are alkylating agents, which are more stable in aqueous conditions and more likely to react
with DNA, resulting in a positive Ames II. As a consequence of these results, we
recommend using other solvents than DMSO to test the mutagenic potential of
carboxylic acid halides, to avoid false positive results from DMSO reaction products, not relevant for aqueous, physiological conditions.
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MUTAGENICITY OF BENZYL CHLORIDE IN THE AMES
TEST DEPENDS ON EXPOSURE CONDITIONS

M. Fall1, 2, H. Haddouk3, J. Morin1, R. Forster3 and H. M. Lantum4. 1INSERM
U644, Faculte de Medecine, Rouen, France, 2Laboratory of Toxicology and hydrology,
Faculte de Medecine, University of Dakar, Dakar, Senegal, 3CIT, Evreux, France and
4
African Society for Toxicological Sciences (ASTS), Rochester, NY.
Benzyl chloride (BCl) is a clear yellowish volatile liquid widely used as an intermediate for the production of benzyl alcohol and benzyl compounds used perfumery,
dyes, and pharmaceuticals. In previous studies BCl has shown weak and inconsistent mutagenicity in the Ames/Salmonella assay. The aim of the present study was
to investigate the potential mutagenic activity of BCl using modifications of the
standard Ames test in order to adapt the method to the volatile nature of the test
item. Test were performed using (i) the standard plate incorporation method, (ii)
incubation of the treated plates in closed containers, (iii) a vaporisation-diffusion
method to expose Ames test plates to volatilised BCl and (iv) the pre-incubation
method. BCl showed mutagenic activity towards Salmonella typhimurium tester
strain TA100 in the absence and presence of S9 metabolism. The use of the pre-incubation method did not improve detection of mutagenic activity of BCl. The use
of closed containers significantly increased the response. The most marked response
to BCl was obtained by testing BCl in volatilised form in the vaporisation-diffusion
method. Using this approach there appeared to be less toxicity of the BCl treatments to the tester bacteria. Our findings suggest that BCl may show greater mutagenic activity in the gaseous phase. This work underlines the importance of using
appropriate methods for the evaluation of volatile compounds. The modifications
described are easy to put into practice and should prove useful for the investigation
of other volatile materials or atmospheric contaminants. This work was supported
in part by MAAPHRI (Multidisciplinary Approach to Airborne Pollutant Health
Related Issues) European project QLK4-CT-2002-02357.
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ABNORMAL PROCESSING OF CHROMIUM-DNA
ADDUCTS BY MISMATCH REPAIR PROTEINS
ACTIVATES GENOTOXICITY OF CHROMIUM(VI)

A. Zhitkovich, E. Peterson-Roth and M. Reynolds. Brown University,
Providence, RI.
Hexavalent chromium (CrVI) is toxic and carcinogenic metal with widespread
human exposure. Intracellular reduction of Cr(VI) leads to the formation of numerous Cr-DNA adducts that are genotoxic during replication in human cells but
not in vitro. We have found that several human and mouse cell lines lacking different mismatch repair (MMR) proteins had much higher clonogenic survival compared to MMR-proficient cells. Normal cells underwent massive apoptosis following Cr(VI) treatment, whereas Cr-treated MMR-deficient cells induced minimal
apoptosis. MMR-activated apoptosis in Cr-treated cells did not involve p53 transcriptional factor because stable knockdown of p53 with short hairpin (sh)RNA
had no significant effect on clonogenic survival or apoptosis following Cr(VI) exposure. Additionally, we found only minimal changes in p53 protein levels, serine15 phosphorylation and no p53 reporter activation. Several hours prior to the appearance of the earliest markers of apoptosis, Cr(VI)-treated MMR-proficient cells
accumulated high levels of DNA double-strand breaks that were detected by the
presence of gamma-H2AX foci and by pulse-field gel electrophoresis. The majority
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of the gamma-H2AX foci (≥80%) localized to G2 phase of the cell cycle in the absence of any G2 arrest. Pull-down experiments with Cr-modified DNA templates
identified MSH2-MSH6 heterodimer as the key MMR complex responsible for the
recognition of Cr-DNA adducts. Overall, our data indicate that MMR proteins act
as sensors of Cr-DNA damage and activate cell death though the induction of double-strand breaks as secondary toxic lesions.
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COMPARISON OF DNA ADDUCT FORMATION IN
LIVER FROM INFANT B6C3F1 MALE MICE TREATED
WITH BENZO(A)PYRENE AND A RECONSTITUTED
PAH MIXTURE

T. D. Phillips, M. R. Smith, R. A. Lingenfelter, C. Naspinski, L. Cizmas, A.
M. Gillespie, Z. S. Naufal, G. Zhou, T. J. McDonald and K. C. Donnelly. Texas
A&M University, College Station, TX.
Environmental contaminants are present throughout the United States. Among the
most common environmental complex mixtures are the polycyclic aromatic hydrocarbons (PAHs), of which benzo(a)pyrene (BAP) is considered the model carcinogen. The interactions of BAP with other PAHs in these mixtures are poorly understood. Information regarding potential chemical interactions is important to better
assess the potential carcinogenic risk associated with exposures. The purpose of the
current study was to compare DNA adduct formation from administration of pure
BAP with that of a reconstituted mixture (RM). The RM was a mixture of the seven
USEPA carcinogenic PAHs and PCP, mixed to the same concentration of these
compounds found in a fraction isolated from an environmental mixture. B6C3F1
infant male mice were dosed by single i.p. injection. Samples were dissolved in
50:50 DMSO:Corn oil. BAP and RM doses administered to the animals included
0.43, 0.17, and 0.07mg/g body weight in a volume of 7.14µL vehicle/g body
weight. Control (DMSO:corn oil) was administered as a volume of 7.14µL vehicle/g body weight. Animals were sacrificed after 1 day, 7 days, 21 days, and 280
days. Tissues were analyzed using 32P-postlabeling to determine DNA adduct formation. After 24 hours, mean adduct levels were approximately 4-times greater in
animals treated with BAP alone in comparison with animals treated with RM. In
BAP treated groups, adducts were more persistent and only reduced by 10% after 7
days; while, in groups administered the RM adduct levels were reduced by approximately 50% after 7 days. In addition, DNA adduct levels decrease dramatically
with time. After 21 days DNA adducts were not appreciably different in exposed
and control groups. In animals receiving the RM, DNA adduct levels were both reduced, and less persistent. These results suggest that the carcinogenic potential of
the RM was less than would be anticipated based on the concentration of BAP.
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POLYMORPHISMS IN BRCA2 AND WRN, GENOMIC
INSTABILITY AND BENZENE HEMATOTOXICITY

N. Galvan1, M. Shen2, Q. Lan2, L. Zhang1, S. Chanock2, G. Li4, R.
Vermeulen2, W. Guo1, A. J. Grosovsky4, S. Yin3, M. Yeager2, R. Welch2, M. T.
Smith1 and N. Rothman2. 1School of Public Health, University of California,
Berkeley, CA, 2Division of Cancer Epidemiology and Genetics, NCI, NIH, DHHS,
Bethesda, MD, 3Chinese CDC, Beijing, China and 4Department of Cell Biology and
Neuroscience, University of California, Riverside, CA.
Benzene causes toxicity to the blood-forming system and leukemia. We recently reported that benzene caused a significant decrease of white blood cells, especially
granulocytes and B-lymphocytes, among workers with low-level occupational exposure to benzene in China (Science 306:1774, 2004). We explored whether genetic
polymorphisms in DNA repair genes conferred susceptibility to benzene hematotoxicity in this same population. Linear regression was used in a cross-sectional
study of 250 workers exposed to benzene and 140 frequency-matched unexposed
workers to analyze the relationship between polymorphisms in DNA repair genes
and granulocyte and B lymphocyte counts. Positive associations were found between polymorphisms in BRCA2 (Ex2 +14 G>A, rs1799943; Ex11 +1487 A>G,
rs1801406 and Ex14 -194 A>G, rs1799955 ) and WRN (Ex4 -16 G>A, rs4987236;
Ex6 +9 T>C, rs2725349; Ex20 -88 T>G, rs1800392 and Ex26 -12 T>G,
rs2725362 ) and decreased granulocyte and/or B-lymphocyte counts among benzene-exposed workers. In contrast, these SNPs were not significantly associated
with blood cell counts among controls. BRCA2 and WRN play key roles in double
strand break repair and the maintenance of genomic instability, thus the genotyping data indicates that genomic instability may be involved in benzene toxicity.
Exposure of TK6 lymphoblastoid cells to the benzene metabolite hydroquinone at
5 and 10 µM induced genomic instability, as measured by increased karyotype heterogeneity and the formation of complex aberrations, further supporting a role for
genomic instability in benzene hematotoxicity. RNAi is being used to selectively inhibit mRNA expression and provide a transient knockdown of BRCA2 and WRN
so that their roles in benzene metabolite toxicity can be further examined.
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MUTAGENESIS INDUCED BY TWELVE QUINOLONE
ANTIBACTERIAL AGENTS IN ESCHERICHIA COLI
WP2UVRA/PKM101

Y. Hayasaki, S. Itoh, M. Kato and K. Furuhama. Drug Safety Research Laboratory,
Daiichi Pharmaceutical Co., LTD., Tokyo, Japan.
Quinolone antibacterial agents (quinolones) have been reported to be negative for
bacterial reverse mutation test with S. typhimurium TA98, TA100, TA1535, and
TA1537, and E.coli WP2uvrA, but positive for S. typhimurium TA102. Recently,
the E. coli strain WP2uvrA/pKM101 has been shown to be more susceptible to numerous mutagens than TA102. The aim of the present study is to investigate the
sensitivity of WP2uvrA/pKM101 to quinolone mutagenicity. We tested twelve
quinolone antibacterial agents (ciprofloxacin, clinafloxacin, enoxacin, gatifloxacin,
grepafloxacin, levofloxacin, lomefloxacin, moxifloxacin, norfloxacin, ofloxacin,
sitafloxacin, and trovafloxacin) against WP2uvrA/pKM101 at concentrations of
3.91 to 1000 ng/plate, using the preincubation method with or without S9 mix. All
quinolones displayed mutagenic potential, with the maximum numbers of revertant colonies being observed at 7.81 ng/plate for clinafloxacin and sitafloxacin;
15.63 ng/plate for ciprofloxacin, gatifloxacin, grepafloxacin, levofloxacin, moxifloxacxin, and trovafloxacin; and 31.25-500 ng/plate for enoxacin, lomefloxacin,
norfloxacin and ofloxacin. The colony numbers for all quinolones tested were comparable between the groups with and without S9 mix, and bactericidal effects were
observed at one or two concentrations higher than their mutagenic concentrations.
From these results, it was concluded that the WP2uvrA/pKM101 strain is highly
susceptible to quinolone mutagenicity.
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EFFECTS OF SIDE STREAM TOBACCO SMOKE ON
DNA DELETIONS

R. Reliene, M. L. Yamamoto, E. Labashinsky-Heinrich and R. H. Schiestl.
UCLA, Los Angeles, CA.
Side stream tobacco smoke, the main component of second hand smoke, is classified as a human carcinogen and affects over 30 million involuntary smokers. The
genotoxic effects of side stream smoke most likely lead to the development of cancer, similar to the mechanisms of mainstream smoke. To augment our understanding of how exposure to side stream smoke leads to cancer, we used an in vivo assay
that measures DNA deletions resulting from homologous recombination. Mice
with a 70 kb repeat in their pink-eyed unstable (pun) locus have a light grey fur
color and pink eyes due to the absence of black pigment assembly, which occurs
when a wild type p gene is present. Homologous recombination during embryonic
development, resulting in a deletion of one of the repeats causes a reversion back to
the wild type p gene. Reversions appear as dark spots that can be seen and quantified in the fur (fur-spots) or as pigmented cells on the retinal pigment epithelium
(eye-spots). We exposed pregnant mice to 570 microgram/m3 of side stream smoke
for 8 hours per day from day 8 through day 17 of gestation. This dose was measured in bars and at bus stops before the smoking ban in public places. This exposure
level caused the number of reversion events, or DNA deletions, to increase significantly compared to unexposed mice. The average number of eye-spots per RPE in
the exposed mice was 7.5 compared to 5.5 in the unexposed mice (p<0.001). In
addition, 43% of the exposed mice had fur-spots and only 14% of the unexposed
mice had fur-spots (p<0.000001). The increased frequency of DNA deletions alludes to the mechanism of side stream smoke carcinogenesis
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GENOTOXICITY OF CIGARETTE SMOKE COLLECTED
UNDER VARIOUS CONDITIONS

H. E. Minton, C. Gowdy, S. Millett, F. Sheabar and G. Holloway. Arista
Laboratories, Inc., Richmond, VA.
The composition and yield of cigarette smoke generated under laboratory conditions is dependent on many factors including the way in which the cigarette is
smoked, the type of smoking machine used and the methods employed for condensation and concentration. Our previous findings indicated that the cytotoxicity of
cigarette smoke generated under Canada Intense (CINT) smoking conditions was
~10X higher than the cytotoxicity of condensate prepared under International
Organization for Standardization (ISO) conditions. The goal of the current study is
to determine if the two smoking regimes (ISO and CINT) will result in similar in
vitro mutagenicity and clastogenicity trends. Mutagenicity and clastogenicity were
tested by the Ames assay and in vitro micronucleus assay, respectively. Mutagenicity
of condensate of ISO smoked 2R4F cigarettes was higher than the mutagenicity of
condensate of cigarettes smoked under CINT conditions. The mutagenicity of ISO
and CINT smoked samples expressed as revertants/µg TPM was 2.034 and 1.44 in
TA98, 0.683 and 0.589 in TA100, 0.210 and 0.089 in TA102, 0.012 and 0.007 in
TA1535, and 0.358 and 0.274 in TA1537, respectively. Results indicated that the
clastogenicity of condensates of ISO smoked 2R4F cigarettes were higher than that
of condensates of cigarettes smoked under CINT conditions. Under short term

treatment (-S9, 3hrs) conditions results were 2-3.5 times higher, while under the
short term treatment (+S9) conditions were 0.5-3.5 times higher. Chemical analysis showed differences in the profiles of the smoke condensates generated under the
2 different conditions, with ISO smoked condensate having higher levels of VOCs,
BaP, NH4, NO, PAAs, phenols, semi-VOCs, and TSNA. This indicates that the
genetic effects are related to the chemical composition of the smoke condensate
generated under the 2 various conditions. Therefore, when evaluating the mutagenicity and clastogenicity of smoke condensates under in vitro conditions it is
highly recommended that the conditions under which smoke is generated be carefully selected and be accompanied by composition analysis.
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NITRIC OXIDE AND REACTIVE OXYGEN SPECIES
MUTAGENESIS OF SUPF GENE IN AD293 CELLS COCULTIVATED WITH ACTIVATED MACROPHAGES

M. Kim and G. N. Wogan. Biological Engineering Division, Massachusetts Institute
of Technology, Cambridge, MA.
Dysregulated production of nitric oxide (NO.) and reactive oxygen species (ROS)
derived from inflammatory cells contributes to mutagenesis and carcinogenesis.
Previous studies by our group showed that genotoxic responses in co-cultured target
cells and in mouse macrophage-like RAW264.7 cells stimulated to produce NO..
We assessed mutagenesis in supF genes within AD293 cells co-cultivated with
macrophages stimulated with interferon-γ (IFN-γ) and lipopolysaccharide (LPS).
Co-cultivation with macrophages stimulated with IFN-γ/LPS for 12-72 h resulted
in substantial production of NO., superoxide anion (O2-) and hydrogen peroxide
(H2O2), time-dependent decrease in total cell numbers, and a 3.7-fold increase in
mutation frequency (MF) at 72 h, compared with unstimulated controls. This increase in MF was effectively suppressed by N-methyl-L-arginine monoacetate
(NMA), an NO. synthase inhibitor, and by antioxidants such as superoxide dismutase (SOD) and catalase (CAT); co-treatment with NMA and SOD/CAT decreased
MF by 87% at 72 h. Mutations were mainly multiple changes (47%) and single
base stitutions (51%) following IFN-γ/LPS treatment. After co-treatment of NMA
with IFN-γ/LPS and NMA with SOD/CAT plus IFN-γ/LPS, similar results were
observed, the majority of mutations being single base substitutions; however, a synergistic decrease in multiple mutations was also observed (24 and 11%, respectively). Whereas mutations induced by all exposure conditions consisted predominantly of G:C to T:A base (53-74%), G:C to C:G mutations were much less
frequent following co-treatments with NMA only or NMA with SOD/CAT plus
IFN-γ/LPS (8.8 and 9.6%, respectively) compared to those induced by the treatment of IFN-γ/LPS (20.5%). NO. and ROS generated from macrophages was
strongly mutagenic, while inhibitors of their production were anti-mutagenic and
may therefore play a preventive role in increased cancer risks associated with prolonged inflammation.
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THE EFFECT OF NITRIC OXIDE ON THE
MUTAGENICITY AND CYTOTOXICITY OF CIGARETTE
SMOKE CONDENSATE

R. D. Leverette, M. B. Bennett, J. T. Hamm and S. F. Yee. Lorillard Tobacco
Company, Greensboro, NC.
Nitric Oxide (NO) has a physiological role in normal signaling processes, but it is
also thought to play a role, alone or through interactions with other chemical
species, in the etiology of several diseases. NO is found in substantial quantity in
mainstream cigarette smoke (≈250µg per cigarette). This study examines NO and
its potential effects on cigarette smoke condensate (CSC) toxicity as measured in
the Ames, Ames II and Neutral Red Uptake assays using diethylamine-NONOate
(DENO) as the NO donor. Previous Ames studies have shown the induction of primarily CÇT transitions for DENO and other NO-donors while CSC preferentially induced GÇT transversions. Preliminary results from our studies with
Salmonella strain TA100 (S9-) gave low levels of activity for DENO and CSC;
however, when exposed simultaneously (DENO+CSC), the specific activity (SA) of
CSC increased approximately 10-fold, demonstrating an apparent synergism.
Further studies with the Ames II assay using strains TA7004 and TA7005 (specific
for CÇT and GÇT mutations, respectively) we found that DENO had higher activity in strain TA7004 while CSC had higher activity in TA7005. Significant increases in the SA of CSC occurred when each strain was co-incubated with DENO
(0-2mM) and CSC (0-800µg/ml) when compared to individual exposures. A more
dramatic increase in the SA of CSC was seen in TA7004 suggesting a possible NO
dose effect. The rate of NO release was examined and was found to increase in the
presence of CSC, suggesting the CSC-induced CÇT mutations in TA7004 were
augmented by the increased levels of NO. This increased release of NO alone may
not explain the increased GÇT activity in TA7005. Results from preliminary cytotoxicity studies suggest that DENO has a protective effect as demonstrated by decreased CSC cytotoxicity in CHO cells. These results suggest chemical interactions
between CSC constituents and NO may occur and this merits further investigation.
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ROLE OF OXIDATIVE AND NON-OXIDATIVE DNA
LESIONS IN TOXICITY OF CHROMIUM(VI)
M. F. Reynolds and A. Zhitkovich. Department of Pathology and Laboratory
Medicine, Brown University, Providence, RI.
Genotoxicity of chromium(VI) has been proposed to result from the formation of
Cr(III)-DNA adducts and oxidative DNA lesions. However, the relative role of oxidative and non-oxidative mechanisms in chromate-induced toxicity has not yet
been determined. In this work, we used genetic approaches to examine the contribution of Cr-DNA adducts and single strand breaks (SSB) to chromate-induced
toxicity. Nucleotide excision repair (NER) is a highly conserved DNA repair pathway that is important for the removal of many DNA structure-distorting lesions.
We found NER to be the principal repair mechanism responsible for the removal of
Cr-DNA adducts. Normal cells rapidly removed Cr-DNA adducts whereas NERdeficient cells of several complementation groups exhibited a markedly reduced
ability to repair these adducts. Analysis of cytotoxic responses in isogenic pairs of
XPA-/XPA+ fibroblasts or lung H460 cells stably expressing XPA-targeting siRNA
showed that NER proficiency suppresses apoptosis and increases clonogenic survival after Cr(VI) damage. Overall, we found Cr-DNA adducts to be toxicologically important in the broad range of Cr(VI) doses. In contrast, SSB repair-deficient XRCC1-/- and proficient XRCC1+ EM9 cells had identical survival at doses
causing up to 60% clonogenic lethality and accumulation of 1 mM Cr(VI).
However, XRCC1-/- cells displayed higher lethality in the more toxic range and the
depletion of glutathione made them hypersensitive even to moderate doses.
Elevation of cellular catalase levels eliminated survival differences between XRCC1/- and XRCC+ cells. These data indicate that the formation of toxic oxidative lesions occurs only at high doses of Cr(VI) associated with the production of hydrogen peroxide. Collectively, analysis of chromate toxicity in DNA repair-deficient
cellular models demonstrated that the relative importance of difference classes of
DNA lesions varies as a function of dose, with non-oxidative Cr-DNA adducts predominately contributing to the toxic effects at low doses.
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OXIDATIVE DNA DAMAGE AND REPAIR IN PMNC OF
SCLERODERMA AND SYSTEMIC LUPUS
ERYTHEMATOSUS
M. Gulumian1, 2, X. Masoka1 and M. Tikly3. 1Toxicology, NIOH, Johannesburg,
South Africa, 2Haematology and Molecular Medicine, Wits, Johannesburg, South
Africa and 3Medicine, Wits, Johannesburg, South Africa. Sponsor: M. Karol.
INTRODUCTION: Systemic sclerosis or scleroderma (SSc) is an autoimmune
connective tissue disease affecting blood vessels and collagen production. Lupus,
also known as Systemic Lupus Erythematosus or (SLE), is another type of an autoimmune disease that can lead to inflammation of and damage to joints, skin and
internal organs, blood vessels, and brain. The causes of SSc and SLE are largely unknown. However, significant evidence is emerging that there is oxidative stress
(caused by the overproduction of free radicals) in patients with SSc and to a lesser
extent in SLE. The single cell gel electrophoresis test or Comet assay is a sensitive
method that can be used to assess free radical-mediated DNA strand breaks and repair of this type of damage in most eukaryotic cells. In this study, the Comet assay
was used to demonstrate free radical induced DNA strand breaks or damage in SSc
and SLE patients, compared to healthy controls. In addition, the ability of
mononuclear cells from these patients was also assessed to effectively repair DNA
damage induced by free radicals produced by in vitro exposure to H2O2, a DNA
damaging agent, compared to healthy controls.
MATERIAL AND METHODS: Peripheral mononuclear cells (PMNCs) were isolated from the blood of SSc, SLE and healthy controls, using acceptable methods
and the alkaline and modified versions of the Comet assay.
RESULTS AND DISCUSSION: Preliminary results show that the level of background DNA damage measured by Comet assay as percentage DNA in the tail is
higher in the patient group compared to the healthy control group. DNA repair,
after treatment of PMNCs with H2O2, was observed in all groups incubated with
Bovine Serum Albumin or serum. The rate of repair was; however, lower in the patient groups compared to control subjects. In conclusion, these results suggest that
the Comet assay may be applicable to indicating oxidative DNA damage in autoimmune diseases such as SSc and SLE, and that further work in this direction
could be fruitful.
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DETECTION OF OXIDATIVE DAMAGE IN NEURONAL
CELLS CULTURES IN MICROTITER FORMAT
C. G. Kilty1, M. Shaw1, S. M. Thomas2 and T. M. Benn3. 1Biomarkers, Biotrin
International, Dublin, Ireland, 2Research and Enterprise Development, University of
Bristol, Bristol, United Kingdom and 3Institute of Clinical Neurosciences, University
of Bristol, Bristol, United Kingdom. Sponsor: R. Dixit.
Oxidative stress can lead to oxidative DNA damage, mutations and cell death,
therefore testing for oxidative DNA damage is important in routine testing of the
toxicity of xenobiotics and potential pharmaceuticals. A simple test system for oxidative DNA damage that will make large scale screening possible using adherent
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cultured cells in microtitre plates is described here. A number of different adherent
cell cultures have been investigated after exposure to compounds whose putative or
known mechanism of action includes oxidative DNA damage. To illustrate the test
system, a study showing oxidative damage in differentiated neuroblastoma cells exposed to low levels of acrylamide and hydrogen peroxide is described here.
Acrylamide is a well-known neurotoxin that is detoxified by conjugation to glutathione, hydrogen peroxide is an oxidant.
Cultures of the neuroblastoma cell line IMR were dispensed into 96 well microtiter
plates 2 x 104 cells/well and allowed to differentiate for 72 hours. The test compounds were added over a range from 1pM to 1mM and the cultures incubated for
1 hour. To estimate cellular toxicity, the MTT assay and the release of lactate dehydrogenase were used as indicators of cell death. In the case of acrylamide, cellular
glutathione depletion was also assayed. Oxidative DNA damage was estimated
using an enzyme linked DNA-binding assay. Increasing levels of test substance lead
to increased cell death as indicated by increasing LDH release and/or decreased
MTT metabolism. Cellular glutathione decreased with exposure to acrylamide and
oxidative DNA damage increased with exposure to hydrogen peroxide and acrylamide, except at the highest doses. Pre-treatment of the cells with glutathione enhancing compounds and antioxidants decreased oxidative DNA damage and cell
death caused by acrylamide.
This study demonstrates that a simple in-vitro system can be used to detect oxidative DNA damage and its amelioration.
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9,10-PHENANTHRENEQUINONE (9,10-PQ) INDUCES
DNA DELETIONS VIA OXIDATIVE AND NONOXIDATIVE MECHANISMS IN THE YEAST S.
CEREVISIAE

C. Rodriguez1, Z. Sobol2, A. Cho1, J. Fukuto1 and R. Schiestl2. 1Pharmacology,
David Geffen School of Medicine at UCLA, Los Angeles, CA and 2Pathology, David
Geffen School of Medicine at UCLA, Los Angeles, CA.
Diesel exhaust particles (DEP) contribute up to 70% of the cancer risk associated
with air pollutants in Southern California (Mates II Study:
http://www.aqmd.gov/matesiidf/matestoc.htm). A large variety of compounds
comprise DEP including polyclic aromatic hydrocarbons. The polycyclic aromatic
quinone 9,10-phenanthrenequinone (9,10-PQ) represents a toxicologically-important component of DEP and is the subject of this study. The toxicity of 9,10-PQ
has been exclusively attributed to its ability to generate reactive oxygen species
(redox cycling). However, exposure of yeast cells to 9,10-PQ under anaerobic conditions only moderately decreased the toxicity of this quinone, suggesting an oxygen-independent mechanism of toxicity. This observation led us to explore the possibility that this quinone may interact with DNA and mediate oxygen-independent
toxicity. To test this hypothesis, we utilized two systems established in the yeast S.
cerevisiae to examine the genotoxic effects of 9,10-PQ. The yeast DEL assay measures intrachromosomal homologous recombination events leading to DNA deletions and the yeast CAN assay measures forward mutations leading to canavanine
resistance. Yeast cells were exposed to 9,10-PQ under aerobic and anaerobic conditions and genotoxicity was assessed using the DEL and CAN assays. The results indicate that 9,10-PQ induces DNA deletions with a threshold effect under aerobic
conditions, while a much weaker induction is observed anaerobically. Induction of
forward point mutations was observed in a concentration-dependent manner, but
only negligibly in the absence of oxygen. Thus, exposure to 9,10-PQ under aerobic
conditions leads to recombinagenic but not mutagenic DNA lesions. A possible
culprit for the anaerobic genotoxicity of 9,10-PQ may be the semiquinone radical
anion which may directly modify DNA.
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THE MOUSE LYMPHOMA ASSAY DETECTS
RECOMBINATION, DELETION AND ANEUPLOIDY

J. Wang1, 2, J. R. Sawyer3, M. Honma4 and M. M. Moore1. 1DGRT, NCTR,
Jefferson, AR, 2Department of Pharmacology and Toxicology, University of Arkansas
for Medical Sciences, Little Rock, AR, 3Department of Pathology, University of
Arkansas for Medical Sciences, Little Rock, AR and 4Division of Genetics and
Mutagenesis, National Institute of Health Sciences, Tokyo, Japan.
The mouse lymphoma assay (MLA) is widely used to evaluate the mutagenicity of
chemicals using the thymidine kinase (Tk) locus of the L5178Y/Tk +/—3.7.2C
mouse lymphoma cell line. The MLA was selected as a recommended assay because
it detects a wide range of genetic alterations, including both point mutations and
chromosomal mutations. The present study was initiated to further elucidate the
specific types of mutational events detected by the MLA. For this analysis we used
a combined strategy of molecular genetic and cytogenetic methods. Twenty nine
mutants from 3’-azido-3’-deoxythymidine, taxol, mitomycin C or bleomycin
treated cultures were characterized using loss of heterozygosity (LOH) analysis
along the whole chromosome 11, Tk copy number detection using a real-time PCR
method, G-banding analysis, and fluorescence in situ hybridization (FISH) analy-
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sis. LOH involving at least 25% of chromosome 11 with a normal karyotype and a
Tk copy number of 2 indicates a recombination event, whereas LOH combined
with a visible deletion of chromosome 11 and a Tk copy number of 1 indicates a
deletion. Aneuploidy was determined by G-banding combined with FISH analysis.
From this analysis, it is clear that mouse lymphoma Tk mutants can result from recombination, deletion and aneuploidy events.
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HNO INDUCES DNA DELETIONS IN THE YEAST S.
CEREVISIAE

N. Cook1, Z. Sobol2, J. Fukuto1 and R. H. Schiestl2. 1Pathology, David Geffen
School of Medicine at UCLA, Los Angles, CA and 2Pharmacology, David Geffen
School of Medicine at UCLA, Los Angeles, CA.
There are many possible mechanisms by which HNO can attack DNA. Since
HNO is electrophilic, it may react with exocyclic amine groups on DNA bases and
through a series of subsequent reactions form a deaminated product. Alternatively,
HNO may induce radical chemistry through O2-dependent (or possibly O2-independent) chemistry. In cell free systems, experiments have shown that HNO does
react with DNA, resulting in base oxidation and strand cleavage. In this study, we
used a whole-cell system in the yeast S. cerevisiae to study the mechanism of HNO
induced DNA damage with Angeli’s salt as HNO donor. The yeast DEL assay provided a measure of intra-chromosomal recombination leading to DNA deletions.
We also examined inter-chromosomal recombination leading to genomic rearrangements and used the canavanine (CAN) assay to study induction of forward
point mutations. HNO was a potent inducer of DNA deletions and recombination
but it was negative for induction of point mutations. Genotoxicity was observed
under aerobic and anaerobic conditions suggesting that HNO can cause DNA
damage by oxygen independent pathways. NAC protected against HNO induced
DNA deletions, which suggests the involvement of HNO directly in inducing
genotoxicity. The results of this study indicate that HNO induces recombinagenic
DNA lesions, possibly DNA strand breaks, and does not cause point mutations.
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IONIZING RADIATION AND RESTRICTION ENZYMES
INDUCE MICROHOMOLOGY-MEDIATED
ILLEGITIMATE RECOMBINATION IN TRANS IN
YEAST

C. Y. Chan, M. Kiechle, P. Manivasakam and R. H. Schiestl. Pathology, UCLA,
Los Angeles, CA.
Ionizing radiation causes DNA double-strand breaks, genome rearrangements and
cancer. Illegitimate recombination repairs a DNA double-strand break in the absence of extended sequence homology. A portion of illegitimate recombination
events occur between several basepairs of homology, also called microhomologymediated recombination generating about 40% of large deletions and translocations causing human diseases. Ionizing radiation-induced genome rearrangements
frequently show such microhomologies at their junctions, implying that the double-strand breaks were repaired preferentially by such recombination events, but
events at sites not damaged have so far not been documented. Here, we report that
both ionizing radiation and restriction enzymes induce microhomology-mediated
integration in trans at sites that are most likely not damaged. Irradiated yeast cells
displayed 82% microhomology-mediated nonhomologous integration, compared
to only 23% in spontaneous integration events. Restriction enzymes not only enhanced integration events at genomic restriction sites, but also at random non-restriction sites via microhomology-mediated recombination. Furthermore, radiation-induced microhomology-mediated recombination was partially dependent on
the RAD52, RAD1 and RAD10 genes. Our results suggest that Rad52 facilitates
annealing of short homologous sequences and Rad1/Rad10 endonuclease mediates
removal of displaced 3’ single-stranded DNA ends after basepairing of microhomology sequences similar to their activity in single strand annealing between two
direct repeats in homologous recombination. These results imply that doublestrand breaks caused by ionizing radiation or restriction enzymes induce a genome
wide microhomology-mediated illegitimate recombination pathway that facilitates
integration in trans at non-targeted sites and might be involved in the generation of
large deletions and rearrangements.
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RESEARCH ON CHROMOSOMAL ABERRATIONS IN
HUMAN SPERM AND LYMPHOCYTES EXPOSED TO
LARGE-DOSE IRRADIATION

Y. Lu, B. Fu, Y. Chen and L. Han. Toxicology, Henan Institute of Occupational
Medicine, Zhengzhou, Henan, China. Sponsor: Y. Wu.
To study the effects of large-dose 60Co radiation on chromosomal aberrations in
human sperm and lymphocytes.All the chromosomal complements were obtained
using the interspecific in vitro fertilization system between human spermatozoa and

zona-free hamster oocytes, and the culture of micro-whole blood.The analyses of
chromosomal aberrations in human sperm and lymphocyte cell were performed in
2 cases of acute radiation sickness exposed to large-dose irradiation 6(7) years ago in
60Co radiation accidents, and after in vitro 60Co radiation. In 2 accidental radiation patients, the incidence of structural chromosome abnormality in spermatozoa
and lymphocyte was much higher than that in controls, and the frequency of structurally abnormal complements in spermatozoa was much higher than that in lymphocyte; The incidence of breakage-type aberration was 2 times higher than that of
rejoining-type aberration in spermatozoa, and conversely the incidence of rejoining-type aberration was 2 times higher than that of breakage-type aberration in
lymphocyte; The proportion of Y-sperm and X-sperm was 1.60:1, which was significantly higher than that in control(1.03:1).In the condition of in vitro radiation, the
rates of structural chromosome aberrations in human sperm and lymphocyte were
similar, and they increased linearly with increasing dosage;The incidence of breakage-type aberration in sperm was about 4 times higher than that in lymphocyte, in
which the one of rejoining-type was about 8 times higher than that in sperm.In the
condition of whole-body radiation, late genetic effect of radiation on human spermatozoa indicated that the target cells were spermatogonia; The difference between
the proportion of Y-sperm and X-sperm in whole-body radiation group suggests
that X-linkage dominant lethal mutations may be induced. The long-term genetical
effect of ionization radiation on germ cell cannot be extrapolated from the analysis
of lymphocyte cells. In the condition of in vitro radiation, human sperm retains a
high fertilizing ability even after serious chromosomal damage.
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REPAIR OF 4-(METHYLNITROSAMINO)-1-(3-PYRIDYL)1-BUTANONE(NNK)–INDUCED
PYRIDYLOXOBUTYLATION BY NUCLEOTIDE
EXICISION REPAIR(NER)

P. J. Brown, L. L. Bedard and T. E. Massey. Pharmacology and Toxicology, Queen,
Kingston, ON, Canada.
THE ANTIRETROVIRAL ZIDOVUDINE ALTERS THE
CELL CYCLE AND INDUCES METABOLIC RESISTANCE
IN HUMAN LYMPHOBLASTOID CELLS EXPOSED
LONG-TERM IN VITRO

O. Olivero, J. M. Ming, I. L. Vazquez, E. J. Robinson and M. C. Poirier.
National Cancer Institute, Bethesda, MD.
The nucleoside analog Zidovudine (ZDV) used in HIV-1 therapy, becomes mono, di- and tri-phosphorylated and incorporated into DNA in place of thymidine.
MOLT-3 cells were exposed (800 µM ZDV) for 14 passages (p), followed by removal of drug for 19 additional passages (33 p total), and examined for: growth
rate, ZDV-DNA incorporation, cell cycle arrest, micronuclei, and TK1 expression.
During p 2-4 of ZDV exposure, cells had a longer doubling time (~4 days), compared to the 1-2 day doubling time seen in unexposed cells and cells exposed to
ZDV ≥5 passages. Flow cytometry revealed accumulation of S-phase cells at 24 hr
of ZDV exposure that persisted for 14 p. From p1-4, micronuclei(M) increased
from 20 to 61 M/1000 cells while ZDV/DNA incorporation increased from 59 to
72 molecules of ZDV/106 nucleotides. Micronuclei decreased after removal of
ZDV, to essentially the same in exposed and unexposed cells. ZDV-DNA incorporation was 54.6 molecules ZDV/106 nucleotides at p14. From p 2-4 there was a
progressively decreasing concentration of active TK1 protein, with undetectable
levels at p5. TK1 levels at p17 to 19, in the absence of ZDV were undetectable,
confirming an irreversible depletion of the enzyme.
Overall, early ZDV-DNA incorporation was accompanied by growth retardation,
an accumulation of cells in S-phase, an increase in micronuclei and a loss of active
TK1. After p5 the cells adjusted by increasing the growth rate and achieving a more
normal cell cycle in the presence of ZDV, while maintaining the capacity to incorporate ZDV into DNA. After removal of ZDV, the growth rate and S-phase arrest
did not change, micronuclei returned to control levels and expression of TK1 did
not recover. The fact that incorporation of ZDV into DNA was observed at p14
suggests that the cells evolved a metabolic resistance that allowed ZDV-DNA incorporation using a pathway not requiring TK1. Given the importance of metabolic resistance, similar mechanisms may have clinical implications and should be
examined in the whole animal.
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nority of NMSC patients, these are found in sun-protected areas (SPA). We recently showed that persons with NMSC exposed to low doses of total UV (UVT)
radiation had an increase in the number of tumors developed in SPA. The hypothesis tested was that persons with an exposure history to low UVT doses with
NMSC in SEA have a significantly lower DNA repair capacity (DRC) when compared to those that have tumors in SEA. An epidemiological questionnaire was administered to each participant soliciting detailed information on occupational and
recreational UV exposure. Environmental UVT doses were obtained over a six-year
period using a GUV-511 radiometer. DRC was measured using a cell-host reactivation assay with a luciferase reporter gene. The DRC of participants exposed to low
UVT with NMSC in SPA (n=36) was 3.9% ± 0.3 SEM. This represented a 44% reduction that was significant (p<0.001) when compared with the DRC (7.0% ± 0.6
SEM) of those participants with tumors in SEA (n=20). These findings support the
hypothesis that the DRC is an important factor in the pathogenesis of NMSC in
SPA. NMSC should be regarded both as a systemic and a local disease whose
pathogenesis is regulated by multiple, complex factors.

A LOW DNA REPAIR CAPACITY IS ASSOCIATED WITH
NON-MELANOMA SKIN CANCER TUMORS IN SUNPROTECTED AREAS OF THE BODY

J. L. Matta1, J. Ramos1, A. Ruiz1, J. Villa2 and R. Armstrong3. 1Pharmacology,
Physiology & Toxicology, Ponce School of Medicine, Ponce, USA, Puerto Rico, 2Parras
Building, Damas Hospital, Ponce, USA, Puerto Rico and 3Marine Sciences,
University of Puerto Rico, Mayaguez Campus, Mayaguez, USA, Puerto Rico.
The carcinogenic potential of environmental UVA and UVB are dose-dependent.
UV radiation is an important factor in the pathogenesis of non-melanoma skin
cancer (NMSC). UV radiation, DNA damage, DNA repair, immunological responses and other factors interact in the tumorigenesis process of NMSC. Most
NMSC tumors develop on sun-exposed areas of the body (SEA), although in a mi-

NNK is a potent tobacco-specific carcinogen that is believed to play an important
role in lung cancer induction in humans. Bioactivation of NNK results in the formation of reactive species that are capable of methylating and pyridyloxobutylating
DNA. While adduct formation, adduct repair and gene mutation patterns for
DNA methylation are well characterized, the same consequences of DNA pyridyloxobutylation are not as well established. This lack of information is largely because the structures of pyridyloxobutyl adducts were not identified until recently.
Moreover, all pathways involved in the repair of pyridyloxobutyl adducts have not
been identified. We hypothesized that, since pyridyloxobutyl adducts are bulky,
they probably distort the DNA helix sufficiently to be efficiently recognized by
NER. The objective of this study was to compare DNA repair synthesis activities of
NNK-induced pyridyloxobutyl adducts by nuclear protein extracts prepared from
normal and NER-deficient Xeroderma Pigmentosum(XP) A and XPC cell lines.
DNA repair synthesis activity of extracts was assessed using an in vitro assay that reproduces the NER reaction, specifically global genome repair (GGR), and uses
pyridyloxobutylated plasmid DNA as a substrate. Extracts from cells deficient in
the repair proteins XPA and XPC were 65% and 56% less efficient respectively, at
repairing pyridyloxobutyl adducts compared to extract from normal cells. When
XPA and XPC extracts were combined, an increase in repair activity was observed.
In addition, pyridyloxobutyl adduct repair was dependent on the presence of ATP.
Defective repair activities of XP extracts were confirmed using UV-damaged DNA.
A four-fold greater repair activity was observed for pyridyloxobutylated DNA compared with UV-damaged DNA, suggesting relatively efficient repair of pyridyloxobutylated DNA by GGR. Results strongly support a role for NER in the repair
of NNK-induced pyridyloxobutylation damage. (Supported by CIHR Grant
No.MOP-10382).
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VARIATION IN BIOLOGICAL EFFECTS OF EXPOSURE
TO DIFFERENT NANOPARTICLES

M. R. Gwinn, S. S. Leonard and V. Vallyathan. Pathology and Physiology Research
Branch, Health Effects Laboratory Division, National Institute for Occupational
Safety & Health, Morgantown, WV.
Human exposure to nanoparticles, whether deliberate (gene therapy) or incidental
(occupational) has not yet been well-studied. Studies have shown that increased exposure to fine particulate ambient air pollution has a direct association to increased
morbidity and mortality in the general population. There are two main characteristics of nanoparticles that make them attractive to a variety of industries: their small
size yet increased surface area, and their ability to increase material strength yet remain lightweight. These characteristics combined with chemical make-up may lead
to inflammation, cell injury and disease development. This study was designed to
test the biological response to four different nanoparticles of comparable size diameters to determine the effect of particle chemical make-up on exposure to normal
human bronchial epithelial cells (HBEAS). Analysis was performed to determine
differences in reactive oxygen species (ROS) production, apoptosis, and cell cycle
analysis. Changes in ROS production were seen between all four nanoparticles analyzed, with the most production related to exposure to CuO, a transitional metal
(CuO > CeO2 > SiO2 > TiO2). Gene expression analysis showed similar patterns
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of expression for the four nanoparticles analyzed with genes related to antigen processing, DNA damage repair, nucleotide binding and transport. However, TiO2
showed a different pattern of expression as compared to control and the other
nanoparticles in cell cycle control genes. This difference in cell cycle control genes
was not reflected in cell cycle analysis at time points analyzed and longer time
points are under investigation. These results suggest that the chemical make-up of
the nanoparticles is important in relation to ROS generation and changes in DNA
damage and cancer gene expression.
The findings and conclusions of this abstract are those of the author(s) and do not
necessarily represent the views of the National Institute for Occupational Safety
and Health.
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ATM AND MRE11 ARE INVOLVED IN THE REPAIR OF
PARTICULATE CHROMIUM (VI) –INDUCED DNA
DOUBLE STRAND BREAKS

H. Xie1, 2, S. Dako3, S. S. Wise1, 2, S. P. Katsifis3 and J. P. Wise1, 2. 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 Biology, University of
Bridgeport, Bridgeport, CT.
Chromium(VI) (Cr(VI)) is a potent respiratory toxicant and carcinogen with widespread human exposure. The most toxic and carcinogenic forms of Cr(VI) are particulates such as lead chromate (LC), which deposit and persist in the respiratory
tract after inhalation. Lead chromate particles are genotoxic to cultured fibroblasts
and epithelia. The particle-derived Cr(VI) ion enters the cell where it undergoes a
uniquely complex scheme of reductive metabolism, producing a cascade of reactive
intermediates which produce numerous types of DNA damage. Our previous study
linked lead chromate to DNA double strand breaks (DSBs) formation, one of the
most dangerous types of DNA damage. Thus the aim of this study was to understand the mechanisms of repair of lead chromate-induced DNA DSBs. Using the
comet assay, we found that LC induced concentration dependent increases in DSBs
in normal human lung cells with 0.1, 0.5, 1, and 5 µg/cm2 LC inducing 14, 24, 32
and 37 percent relative increase in tail DNA relative to control, respectively. We
found that repair of these lesions occurred within 24 h. In response to DNA damage, cells arrest the cell cycle to facilitate repair or initiate apoptosis. We found that
LC caused S-phase arrest and increased levels of phosphorylated SMC1 expression.
LC also induced ATM and MRE11 expression in these cells. To begin understanding the mechanism of repair for these lesions, we treated ATM deficient and
MRE11 deficient cells with LC. We found that LC induces DSBs in ATM deficient
cells and MRE11 deficient cells and the repair of these lesions is greatly decreased.
Using an immunofluorescence assay we found that MRE11 and H2A.X foci co-localize after LC exposure. These data indicate that MRE11 and ATM are involved in
LC-induced DSBs sensing and repair. This work was supported by NIEHS grant
ES10838 (J.P.W.)
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PARTICULATE CHROMIUM INDUCED DNA-DNA
CROSSLINKS LEAD TO CHROMOSOME DAMAGE
1, 2

1, 2

1, 2, 3 1

. Wise Laboratory of
L. C. Savery , S. S. Wise and J. P. Wise
Environmental and Genetic Toxicology, University of Southern Maine, Portland, ME,
2
Maine Center for Toxicology and Environmental Health, University of Southern
Maine, Portland, ME and 3Department of Applied Medical Sciences, University of
Southern Maine, Portland, ME.
Hexavalent chromium (Cr(VI)) is a known human carcinogen. Cr(VI)-induced tumors exhibit chromosome instability (CIN), however the mechanisms of these effects are unknown. Cr(VI) causes DNA-DNA crosslinks and chromosomal aberrations, but it is unknown if these lesions are related. Thus, we investigated the
hypothesis that Cr-induced DNA-DNA crosslinks lead to chromosome damage. To
test this, we used cell lines deficient in genes from the fanc pathway believed to be
important in crosslink repair. Chinese hamster ovary (CHO) KO40 (FANCG-)
and human fibroblast PD20.F (FANCD2-) cells were employed to determine if
they were hypersensitive to lead chromate. We found that the relative survival of
KO40 cells (FANCG-) treated with lead chromate did not differ from the parental
AA8 cells or the FANCG gene restored cells (KO40BP6). Specifically, 5 µg/cm2
lead chromate induced 72, 83 and 81% relative survival for KO40, AA8 and
KO40BP6, respectively. Lead chromate did induce higher levels of chromosome
damage in KO40 cells compared to AA8 and KO40BP6 cells with 5 µg/cm2 lead
chromate inducing 33.5, 19.5 and 16.0 aberrations in 100 metaphases. To ensure
the cytotoxicity and genotoxicity data reflected the toxicity of lead chromate and
not a difference in metal ion uptake between cell lines, chromium uptake was measured and did not change these results. The relative survival of FANCD2- cells
treated with lead chromate also did not differ from FANCD2 gene restored cells
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with 5 µg/cm2 lead chromate inducing 16 and 9% relative survival, respectively.
These data collectively suggest that lead chromate-induced DNA-DNA crosslinks
are related to lead chromate-induced chromosome damage, but not to cytotoxicity.
This work was supported by NIEHS grant #ES10838 (J.P.W.).
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DOSE-RESPONSE COMPARISON OF
MICRONUCLEATED RETICULOCYTE FREQUENCIES
IN RODENT PERIPHERAL BLOOD WITH FOUR
GENOTOXIC AGENTS BY FLOW CYTOMETRY AND
SLIDE-BASED ENUMERATION

L. Recio1, W. Caspary2, D. Tourous4, E. Livanos1, G. Kissling3 and K. Witt2.
1
Genetic Toxicology, ILS, Research Triangle Park, NC, 2Environmental Toxicology
Program, NIEHS, Research Triangle Park, NC, 3Biostatistics Branch, NIEHS,
Research Triangle Park, NC and 4Litron Laboratories, Rochester, NY.
We are using dose-response studies with four known genotoxic agents to compare
the frequencies of micronucleated reticulocytes (MN-RET) in B6C3F1 mouse and
Fischer 344 rat peripheral blood using flow cytometry and slide-based enumeration. Acrylamide (ACM), ethyl methanesulfonate (EMS), cyclophosphamide (CP),
and vincristine sulfate (VS) are being used to evaluate the degree of correspondence
between measurements of MN-RET generated by flow cytometry (FCM) and
those obtained using standard light microscopy. ACM, EMS, and CP were each administered by oral gavage once daily on 4 consecutive days and blood samples were
obtained approximately 4 hr after the final treatment. VS was administered by intraperitoneal injection on 3 consecutive days and blood samples were obtained approximately 26-28 hr after the final treatment. MN-RET frequencies were determined for each sample based on the analysis of 2,000 (microscopy) and 20,000
(FCM) reticulocytes. FCM and slide-based measurements of mouse MN-RET
were not significantly different for ACM, EMS, and CP (paired t-tests) and an
overall Pearson correlation coefficients of 0.90 (n=75) indicating a high degree of
correspondence between the two methods. Both FCM and slide-based methods of
scoring produced very similar group means, though the means determined from
slide-based methods had much larger standard errors. An additional analysis was
performed on each sample to provide a quantitative description of MN DNA content by FCM, a potential indicator of aneuploidy. Only VS-induced MN exhibited
an increase in MN DNA content consitent with VS effects on the mitotic spindle
apparatus creating MN consisting of whole chromosomes. The FCM system of
data collection offers several advantages over microscopy-based scoring, including
analysis of a greater number of cells, much faster data acquisition, MN size determination, and increased objectivity.
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EFFECTS OF FEEDER CELLS ON THE COLONY
GROWTH AND MORPHOLOGICAL
TRANSFORMATION IN THE SHE CELL
TRANSFORMATION ASSAY

Y. Xu, N. Gibson, F. Luo, G. Borneo and T. E. Lawlor. Genetic & Molecular
Toxicology, Covance Laboratories, Vienna, VA.
The Syrian Hamster Embryo (SHE) cell transformation assay has been used as a
supporting genetic toxicology assay to assist in predicting carcinogenic potential.
The assay system uses SHE cells as both feeder cells (X-irradiated, viable, non-proliferating) and as target cells. The feeder cells are believed to support the growth and
transformation of the target cells, however, there are little data to support the role
and effect of feeder cells in this assay system. This study used the SHE cell transformation assay and both morphologically transformed (MT) and normal SHE cells
to test the influence of feeder cells, including complete absence of feeder cells, on
the growth and morphological transformation frequency (MTF) of the target cells.
Increase of X-ray irradiation time decreased the number of surviving cells as well as
the proliferation capacity of the feeder cells in a dose dependent manner. At the
tested irradiation time points, the decrease of binucleated cells in the feeder cells
had no impact on plating efficiency (PE), colony number or colony size of the target cells. No feeder cells significantly decreased PE and colony numbers, and mildly
decreased colony size. The decreased proliferation status of feeder cells correlated
with decreased MTF in both the DMSO background levels and the responses to
benzo(a)pyrene (BaP) treatment. No feeder cells in the cultures resulted in increased MTF in the DMSO control, but did not significantly enhance the response
to BaP treatment compared to DMSO control, thus reducing the sensitivity of the
assay. Conditioned medium collected from feeder dishes showed similar effects to
those observed with feeder cells. These results suggest that feeder cells support the
assay system in both colony growth and formation of MT colonies more by released
factors than via physical contact. The suppression of feeder cells by over irradiation
could decrease the sensitivity of SHE cell transformation assay.
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IDENTIFICATION OF GENE EXPRESSION SIGNATURE
AND A NOVEL MARKER, DOG1, FOR GENOTOXICITY
BY GENE EXPRESSION PROFILING

J. Hu, D. Aud, K. Chakravarty, S. Fu, J. Wang, J. Allard, G. Liao, J. Usuka,
K. Dolim, Z. Zhang and G. Peltz. Genentics & Genomics, Roche Palo Alto, Palo
Alto, CA.
An in vitro myogenic differentiation system was shown to sensitively identify genotoxic compounds. Gene expression profiling of the effect of 10 different genotoxins
using microarray in this experimental system identified 58 DNA damage response
genes, which provide a composite gene expression signature indicative of genotoxicity. A novel DNA damage response gene that had the largest increase in mRNA expression after genotoxic exposure was identified and named Dog1 (for discriminator of genotoxicity 1). Dog1 mRNA expression in mouse tissues increased after
genotoxin exposure. RNAi-mediated knockdown of Dog1 mRNA enabled myogenic cell differentiation to proceed even in the presence of DNA damage.
Analogous to the regulation of cell cycle progression, Dog1 functions as a ‘checkpoint’ mediator that blocks cellular differentiation after DNA damage.
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EFFECTS OF HUMAN MUTANT WERNER PROTEIN
EXPRESSION ON DNA DELETIONS IN MICE

M. L. Yamamoto1, R. Reliene1, J. Oshima2 and R. Schiestl1. 1Pathology,
University of California, Los Angeles, Los Angeles, CA and 2Pathology, University of
Washington, Seattle, WA.
Werner syndrome is a genetic disorder characterized by premature aging and agingrelated diseases including an increased risk of cancer, notably sarcomas. Werner syndrome is often used as a model to study the normal aging process. The Werner protein (WRN) is a member of the RecQ helicase family, and is the only member to
also have exonuclease activity. WRN interacts with a multitude of proteins involved
in DNA repair, replication, and recombination, and its main role seems to be in
maintaining genetic stability. To study the role of WRN in DNA deletions, we used
transgenic mice overexpressing a mutated human WRN gene (hMW) in mice that
have a 70kb tandem repeat in their P locus. When one of the repeats is deleted due
to homologous recombination, the p gene is restored and results in a pigmented cell
that is used in our assay to measure DNA deletions. We found that transgenic mice
expressing hMW had an increased frequency of DNA deletions compared to both
transgenic mice expressing the human wildtype Werner gene (hWRN) (p<0.05),
and control mice with no transgene (p<0.05). The number of DNA deletions in
control mice treated with the oxidant and glutathione metabolism inhibitor
Buthionine-sulfoximine (BSO) in drinking water during gestation increased significantly compared to untreated control mice whereas the number of deletions in
hMW littermates did not. This discrepancy may be caused by inherent levels of oxidative stress in hMW mice to which additional oxidant insult may be ineffective.
In order to characterize oxidative stress in hMW mice, we measured glutathione
levels. BSO significantly decreased GSH levels in both hMW mice and control
mice however the levels of GSH in hMW mice versus control mice is not significantly different. We are currently looking at effects of 4-NQO, which forms DNA
adducts, in hMW mice. Using a mouse model of Werner syndrome in conjunction
with different DNA damaging agents to study genetic instability gives us insight
into mechanisms of DNA repair, and carcinogenesis.
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LACK OF MUTAGENIC AND CLASTOGENIC ACTIVITY
OF COMBRETASTATIN A-4 (CA4)–A MICROTUBULE
DESTABILIZING AGENT

D. N. Sadhu1, L. Desai1, S. Young2, N. W. Hurst2 and J. C. Randall2. 1Toxikon
Corporation, Bedford, MA and 2OXiGENE, Waltham, MA.
CA4 is a naturally occurring derivative of the South African willow tree (combretum
caffrum), that binds the β-subunit of tubulin and inhibits microtubule assembly.
Microtubules are involved in the maintenance of the cytoskeleton and in the separation of sister chromatids during mitosis. Classic microtubule destabilizing agents,
such as colchicine, have been shown to cause metaphase arrest and programmed cell
death in rapidly dividing cells. Colchicine is a known aneugen and has been shown
to induce structural chromosome aberrations in vitro and micronucleated erythrocytes in vivo. The phosphate prodrug of CA4 (CA4P) is currently in clinical trials in
patients with malignant neoplasms or aberrant retinal neovasculature. The objective of these studies was to determine whether CA4 or its primary metabolite, CA4glucuronide (CA4G), are mutagenic or clastogenic using the Ames test, the chromosome aberration assay, and the rodent bone marrow micronucleus test. In the
Ames test, CA4P, CA4, and CA4G did not induce reverse mutations in histidine
and tryptophan genes of S. typhimurium and E. coli in the presence or absence of
metabolic activation. CA4 and CA4G did not cause an increased number of structural chromosome aberrations in human peripheral blood lymphocytes in the presence or absence of metabolic activitation in contrast to the postive control agents

mitomycin C and cyclophosphamide. In addition, CA4 did not cause micronuclei
in mouse bone marrow, in comparison to the positive control agents mitomycin C
and paclitaxel, a microtubule stabilizing agent. These results suggest that CA4 can
be differentiated from other tubulin binding agents by its lack of mutagenicity and
clastogenicity. While the tubulin destabilizing agents colchicine and vinblastine are
known clastogens, CA4 is not mutagenic or clastogenic. Therefore, these findings
are consistent with CA4’s proposed mechanism of action in which CA4 disrupts
the cytoskeleton of neo-vascular cells rather than binding DNA or interfering with
the cell cycle.
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STUDIES ON THE CHEMOPREVENTIVE EFFECT OF
ERUCA SATIVA (RUCOLA) AND ITS ISOTHIOCYANATES
IN HUMAN CELL CULTURES

E. Lamy, J. F. Schroeder, Y. Voelkel and V. H. Mersch-Sundermann. Department
of Indoor and Environmental Toxicology, University of Giessen, Giessen, Germany.
Sponsor: J. Pauluhn (?).
Rocket plant (Eruca sativa), commonly used as vegetable and spice, is a member of
the Brassicaceae which are regarded as an important chemopreventive plant family.
Ten different isothiocyanates, which are suspected as responsible for the DNA-protective and anticarcinogenic effect of Brassicaceae, have been isolated from Eruca
sativa with Erucin as one of the main representatives. In the present study we assessed the chemopreventive potency and underlying mechanisms of Eruca sativa
and Erucin using the comet assay, ssDNA apoptosis assay and measurement of
GST regulation in metabolically competent HepG2 hepatoma cells.
Antigenotoxicity studies were carried out as a 24h-preincubation of cells with the
promutagen benzo(a)pyrene (BaP) at 50 µM. Chemical analysis of the main secondary products of the plant material was acquired by GC/MS methodology. After
24 h-treatment of HepG2 cells with the Eruca sativa juice up to 50 µl/ml or Erucin
up to 20 µM no genotoxic effect could be observed. In antigenotoxicity experiments, Eruca sativa juice and Erucin (2,5 – 10 µM) reduced the BaP-induced genotoxicity in a dose-dependent manner. A concentration of 25 µl plant juice per ml
culture medium reduced the BaP-induced DNA-migration almost 80%, correlating with a GST induction of about 21%. GST increased about 24% after incubation with 2.5 or 5 µM Erucin, 5µM apoptosis was significantly induced in
HepG2 cells compared to control. This is in accordance to an observed reduction in
GST levels at these concentrations. In conclusion, efficient antigenotoxic activity
towards Bap-induced DNA-migration caused by Eruca sativa juice and Erucin was
observed in HepG2 cells. In lower concentrations the upregulation of the detoxifying phase-2 enzyme GST seem to partly account for the observed chemopreventive
effect. In higher dosages however, the induction of erucin-mediated controlled
apoptotic cell death is likely the mechanism to achieve the antigenotoxic function.
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DNA DAMAGE INDUCED BY BREVETOXIN 2 IN
HUMAN LYMPHOCYTES FROM FIVE VOLUNTEERS

R. N. Murrell4, 1, A. J. Bourdelais2, D. G. Baden2, 3 and J. E. Gibson1, 4.
1
Pharmacology and Toxicology, The Brody School of Medicine, East Carolina
University, Greenville, NC, 2Center for Marine Science, University of North Carolina
at Wilmington, Wilmington, NC, 3Chemistry, University of North Carolina at
Wilmington, Wilmington, NC and 4Environmental and Molecular Toxicology, North
Carolina State University, Raleigh, NC.
Brevetoxins (PbTx) are cyclic polyether compounds produced by several types of
marine dinoflagellates (including Karenia brevis and Chatonella antiqua) during
red tide events in the Gulf of Mexico, off the coasts of Florida and North Carolina.
The neurotoxic compounds produced by these organisms are a serious public
human health concern and heavily impact the commercial fishing industry by causing massive fish kills. The purpose of this study was to determine the variability of
brevetoxin 2 (PbTx-2) induced damage in human lymphocytes from five volunteers. The single cell gel electrophoresis assay, also known as the Comet Assay was
used to determine and compare DNA damage following treatment with PbTx-2 at
10 -6 M concentration. The data is given as the distributive moment, which is the
percentage of DNA in the comet tail multiplied by the length between the center of
the head and tail (units of measure are arbitrary). All subject samples had visible
DNA damage following PbTx exposure and a t-test comparison revealed a significant statistical difference for 2 of 5 subject samples when compared with the negative control. The negative control distributive moment was 8.2 (SE= 2.2) and was
comprised of pooled subject samples. The small size of the SE indicates that the
subjects were similar in the baseline of DNA damage. The positive control (hydrogen peroxide, 2.75%) was 14.8 (1.5). The five subject samples of PbTx 10 -6 M
were 14.7 (2.3), 17.2 (6.5), 19.0 (2.9), 20.9 (6.4) and 22.1 (2.4) indicating variability of the subjects to the toxicity of PbTx. Supported by the North Carolina
Agromedicine Center and USDA/CSREES. PbTx was provided under NIEHS
grant PO1 ES 10594. Experiments conducted in accordance with IRB regulations
(UMCIRB#03-0290).
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EARLY TOXICOLOGICAL CHARACTERIZATION AND
CLASSIFICATION OF CANDIDATE COMPOUNDS IN A
HIGH THROUGHPUT FORMAT USING NEURAL
NETWORKS, GENE EXPRESSION ANALYSIS, AND AN
IN VITRO CELL PLATFORM: GENOTOXIC?, NONGENOTOXIC?, OR NON-CARCINOGENIC?

G. Vansant1, P. Pezzoli1, A. Birch1, J. Bibay1, G. Fogel2 and J. Monforte1.
1
eXpress Profiling, Althea Technologies, Inc., San Diego, CA and 2Evolutionary
Computation, Natural Selection Inc., San Diego, CA.
Lead compounds must undergo screening to determine if their potential toxicity
may outweigh any therapeutic benefits. Two classifications of toxicity that are of
major interest are genotoxicity and non-genotoxicity. Genotoxicity is a cross species
event and usually lowers the rank ordering of a lead compound. Non-genotoxicity
of a compound with therapeutic potential could be preclinical species specific event
and so triggers a two year rodent study. In an effort to increase the speed and efficiency of this toxicological profiling we have developed a multiplex gene expression
screen that classifies compounds into three categories, (genotoxic, non-genotoxic,
or non-carcinogenic), based on their impact on a select set of genes in a liver derived cell line. Genes related to xenobiotic metabolism, proliferation, apoptosis,
and DNA damage were part of panel of genes whose expression was measured. 60
compounds of known classification were used to train a neural network to identify
gene expression patterns related to the three categories discussed above. Candidate
test compounds were then used to treat cells, their impact on gene expression was
analyzed by the neural networks, and the compounds binned into one of the three
discussed categories based on their gene expression profile. Since this assay is carried
out in a single well of a multiwell plate, it is very amendable to higher throughput
than microarrays, or real time assays that require multiple reactions to monitor the
expression of multiple genes.
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TOXICOGENOMICS OF ENDEMIC NEPHROPATHY IN
CROATIA

A. P. Grollman1, J. J. Chen1, B. Jelakovic3, N. Leko2, Z. Medverec2, C. R.
Iden1 and S. Shibutani1. 1State University of New York at Stony Brook, Stony Brook,
NY, 2General Hospital Dr.Josip Bencevic, Slavonski Brod, Croatia and 3School of
Medicine, University of Zagreb, Zagreb, Croatia.
Endemic nephropathy (EN), a devastating disease occurring in rural areas of
Croatia, Bulgaria, Romania, Serbia and Bosnia, is characterized by its insidious
onset, invariable progression to chronic renal failure and a strong association with
upper urothelial tract cancer. We hypothesize that chronic dietary exposure to aristolochic acid (AA), an established nephrotoxin and human carcinogen, in the form
of home-baked bread, is clearly related to the development of EN and urothelial
cancer. This hypothesis is based on clinical and pathological findings in patients
with established aristolochic acid nephropathy and is strongly supported by a pilot
epidemiologic study (Hranjec et al, Croat. Med J. 46, 116, 2005). Additionally, we
have demonstrated the presence of 7-(deoxyadenosin-N6-yl)- and 7-(deoxyguanosin- N2-yl)aristolactam DNA adducts in renal and urothelial tissues from
individuals with EN; adduct structure was established by mass spectroscopy. To explore the possibility that one or more genes involved in biotransformation of AA
and/or repair of AA-DNA adducts might account for the varying degree of susceptibility to EN observed among persons exposed to AA, we used high-throughput
genotyping to analyze the pattern of single nucleotide polymorphisms in relevant
genes of individuals enrolled in the pilot epidemiologic study. This information
then was used to establish presumptive haplotypes/genotypes associated with susceptibility to EN and to identify genes associated with the development of EN. We
conclude from these investigations that dietary intake of aristolochic acid is responsible, in genetically susceptible individuals, for EN and its associated urothelial cancer. (Supported, in part, by the Ministry of Science of Croatia and the NIEHS)
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INFLUENCE OF IMPURITIES ON GENOTOXICITY
FINDINGS OF A DRUG CANDIDATE – A CASE STUDY

S. G. Sawant1, R. T. Dunn1, H. Murli2, G. L. Erexson2, V. O. Wagner3, K.
Nam1, T. Day1, C. A. Afshari1, M. Cosenza1 and T. D. Marque1. 1Toxicology,
Amgen Inc., Thousand Oaks, CA, 2Covance Inc., Vienna, VA and 3BioReliance
Corp., Rockville, MD.
A small molecule candidate for oncology was assessed for genotoxic potential.
Initially, the molecule was screened through two in silico programs and Ames assay.
The molecule was predicted to be “moderately active” by Multicase and “negative”
by Topkat in Ames assay modules. The candidate was negative in the screening
Ames assay when tested up to 2.5 mg/plate in presence and absence of rat S9.
During development of the molecule, a production batch produced equivocal results in the GLP Ames when tested up to 5 mg/plate with S9. The compound was
also shown to be equivocal in the chromosomal aberrations assay in the presence of
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S9 and negative in the rat micronucleus assay when tested up to the limit dose of 2
g/kg. Analytical chemistry found two organic impurities, designated as MS283 and
MS392, present at 0.08% and 0.42% in the tested batch of material. These impurities were not present in the research batch of material used in the initial screening
Ames assay. Based on this information, the impurities were tested in the in silico
programs as well as the GLP Ames and chromosomal aberrations assays.
Furthermore, an ultra-pure batch of the compound (99.9% purity) was also tested
in the same genotoxicity assays. The in silico analysis predicted that both impurities
would test “positive” in the Ames assay. MS283 was positive in the Ames assay,
whereas the ultra-pure API and MS392 were negative; all three compounds were
negative in the chromosomal aberrations assay. The initial equivocal Ames finding
for the compound was attributed to the MS283 impurity. This shows utility of the
in silico programs to predict genotoxic potential of impurities before they are made
and tested. These results also illustrate the importance of understanding the impurities present, even at less than 0.1%, in a compound lot that may help to explain
possible genotoxic activity of a drug candidate.
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INFLUENCE OF NON-CHEMICALLY INDUCED
HYPOTHERMIA ON SUBHYPOTHERMIC DOSES OF
PHENOL IN THE FORMATION OF MICRONUCLEI
(MN) IN THE MOUSE BONE MARROW

B. Gollapudi, P. J. Spencer, J. M. Grundy and J. M. Waechter. Toxicology &
Environmental Research and Consulting, The Dow Chemical Company, Midland, MI.
We have previously reported that non-chemically induced hypothermia can cause a
small but significant increase in micronuclei (MN) in the mouse bone marrow. The
present study investigated the hypothesis that interaction between a chemical treatment and hypothermia would exacerbate the effect of hypothermia on MN induction. At least 12 male CD-1 mice/group received a single intraperitoneal dose of
saline (vehicle control) or 100 mg/kg phenol, a dose level previously shown not to
induce either MN or hypothermia. Immediately after dosing, 6 or 8 mice/group
were housed either in standard environmental (SE) conditions or restrained in plastic cone-type devices and housed in an incubator maintained at a temperature of
12°C for 7h to induce hypothermia. Body temperature (BT) of all mice was monitored at baseline and multiple times throughout the 7h exposure period using subcutaneous digital transponders. Bone marrow samples were evaluated for MN formation approximately 19h after the 7h exposure period. Control and phenol
treated restrained mice housed at 12°C for 7h experienced a significant and prolonged hypothermia (~ 10°C decrease in BT). No changes in BT occurred in control or phenol treated mice in SE conditions. Animals held at 12°C without or with
phenol treatment tended toward higher MN (3.3 and 2.4 MN/1000 polychromatic
erythrocytes (PCE) for 12°C alone and 12°C + phenol, respectively vs. controls 1.8
MN/1000 PCE or phenol SE condition 1.7 MN/1000 PCE). Although the combination of hypothermia and phenol treatment did not interact in increasing the
frequency of MN beyond that observed for hypothermia alone, these results confirm the ability of non-chemically induced hypothermia to cause marginal increases
in MN. These results emphasized the need to exercise caution in interpreting the
biological significance of small increases in MN at doses that induce hypothermia.
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THE EFFECT OF CIGARETTE PAPER POROSITY ON
CIGARETTE SMOKE CONDENSATE-INDUCED
MICRONUCLEI IN VITRO

S. V. Vulimiri, R. D. Leverette, G. Jun and S. F. Yee. A.W. Spears Research Center,
Lorillard Tobacco Company, Greensboro, NC.
The porosity of cigarette paper plays an important role in the combustion of tobacco by altering the air flow into the fire cone, which in turn affects the fire cone
combustion temperature and thus may influence the generation of cigarette smoke
constituents. In the present study, the induction of micronuclei (MN) was compared in mainstream cigarette smoke condensates (CSCs) from experimental cigarettes of otherwise identical composition and construction, but manufactured with
either a low-porosity (LP; 12 Coresta Units) or a high-porosity (HP; 80 Coresta
Units) paper. The basis weights for the LP and HP cigarette papers were matched as
closely as possible (28 and 24.7 grams/m2, respectively). The puff counts and yields
of ‘tar’, nicotine and carbon monoxide of HP cigarettes were significantly lower
than those of LP cigarettes, while pressure drop values were similar. CSC was collected by smoking the cigarettes under Federal Trade Commission (FTC) smoking
conditions (35 ml puff volume, 2 sec puff ) onto a Cambridge filter pad followed by
extraction with dimethylsulfoxide (DMSO). The Kentucky Reference cigarette
2R4F was also included as a reference control. Chinese hamster ovary (CHO) cells
were exposed for 4 hrs to CSC at doses ranging from 3.125 µg/ml to 200 µg/ml in
the cytokinesis-blocked in vitro MN assay with and without S9 metabolic activation. Preliminary results showed no toxicity (% decline in binucleated cells below
50% of DMSO control) for any of the condensates up to 100 and 200 µg/ml, with
and without S9 activation, respectively and no significant differences in toxicities

were observed between LP and HP condensates. Besides, no clear dose-response in
MN frequency (MNF) expressed as a % of DMSO control, was observed with or
without S9 activation. Overall, the CSC from HP cigarettes showed a trend (not
statistically significant) of lower MNF compared to the LP cigarette condensates,
which may be attributable to qualitative and/or quantitative differences in smoke
chemistry, merits further investigation.
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VALIDATION OF A NON-RADIOACTIVE FLOW
CYTOMETRY-BASED UNSCHEDULED DNA SYNTHESIS
(FL-UDS) ASSAY
C. A. Kirk, M. K. Reeder and G. L. DeGeorge. MB Research Labs,
Spinnerstown, PA.
The possible genotoxic potential of new chemicals and drugs drives the growing
need for an inexpensive, reliable genotoxicity screening assay. The Unscheduled
DNA Synthesis (UDS) assay has been proven to identify and characterize genotoxic
chemicals by detecting repair of damaged DNA, via measurement of the incorporation of 3H-Thymidine following the induction of various types of genetic lesions.
Since this DNA repair is distinct from de novo DNA synthesis observed in normally dividing cells, it is commonly referred to as “Unscheduled” DNA Synthesis.
MB Research has developed and optimized, a high-throughput and non-radioactive
UDS assay using flow cytometry, termed FL-UDS, This assay measures incorporation of fluorescently–labeled or conjugated thymidine analogs, rather than radioactive nucleotides. The FL-UDS assay is run on an automated microplate-driven platform, which is to be more cost-efficient, shortens study time (1 wk vs. 16 wks), can
interrogate a much larger number cells (10,000 vs. 50 – 100), increasing both accuracy and throughput. Another key improvement of FL-UDS over the radioactive
UDS is that FL-UDS methodology can resolve three types of genotoxic agents: activation-dependent, activation-independent and those that are detoxified by biotransformation.
We have evaluated 15 known genotoxins and non-genotoxins and successfully
classified 14 of the 15 test chemicals (Accuracy = 93%). Due to its many improvements over the standard UDS assay in genotoxicity assessments (especially lower
cost and faster turn-around), the FL-UDS assay is proving to be of considerable
commercial value to the Pharmaceutical, Biotech, Chemical, Cosmetic and
Consumer Products industries.
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EVALUATION OF A NOVEL MICRONUCLEUS ASSAY
USING A HUMAN 3-D SKIN MODEL, EPIDERMTM
1
R. D. Curren , M. Aardema2, P. J. Hayden3, G. Mun1, T. Hu2, N. Wilt1 and
D. Gibson2. 1Institute for IN VITRO Sciences, Inc., Gaithersburg, MD, 2Procter &
Gamble Co., Cincinnati, OH and 3MatTek Corporation, Ashland, MA.
Many chemicals and products, most notably cosmetics, have skin as a major target
organ; however, very few assays are available to directly address potential genotoxicity to this tissue. Although rodent models are being developed to measure micronucleus induction in the skin, European legislation such as the 7th amendment
to the Cosmetics Directive precludes the use of in vivo assays for genotoxicity assessments of cosmetic ingredients after 2009. To provide a useful alternative, we are
developing an in vitro human skin micronucleus assay using the 3-D EpiDermTM
skin model (MatTek Corp, Ashland, MA). Theoretically such a model could approximate the complexities typical of in vivo exposures, e.g. absorption, tissue
specificity, metabolism, etc., and at the same time reflect human-specific responses
in these parameters. Our standard assay utilizes two 10 ul doses of test material applied to the surface of the EpiDermTM tissue 24 hours apart, with harvest 24 hours
after the last dose. Using this procedure we show dose related increases in both cytotoxicity and micronuclei induction for several model genotoxins including mitomycin C (maximum micronucleus response [MMR] ~8% at 0.6 ug total dose), vinblastine sulfate (MMR ~4% at 0.01 ug total dose), methylmethane sulfonate
(MMR ~0.6% at 20 ug total dose), and N-methyl-N’-nitro-N-nitrosoguanidine
(MMR ~0.7% at 40 ug total dose). The background frequency of micronuclei is
low at <0.1% (N=20), with a positive control of 3 ug/ml or 6 ug/ml MMC resulting in 1.2% micronucleated cells/binucleated cell (N=7) and 2.3% micronucleated
cells/binucleated cell (N=8), respectively. We have initiated studies to investigate
whether the model will respond to genotoxins requiring metabolic activation and
find that EpiDermTM cultures from different donors express numerous genes associated with xenobiotic metabolism that are also found in normal human skin. This
novel assay system appears to hold excellent promise as a human “in vivo-like”
genotoxicity model.
VITOTOXTM ASSAY DETECTS CHEMICALS WITH A
WIDE RANGE OF GENOTOXIC MECHANISMS
C. A. Hendricks1, J. Aubrecht2 and K. Lam1. 1Pfizer Global Research and
Development, Cambridge, MA and 2Pfizer Worldwide Safety Sciences, Groton, CT.
Improved synthesis strategies and the introduction of automated biomolecular
screening methods have led to an increase in the number of compounds entering
early drug discovery. Thus, the development and application of high throughput
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genotoxicity screening approaches capable of detecting compounds with a broad
range of genotoxic mechanisms are expected to facilitate lead generation. The VITOTOXTM assay is based on a strain of Salmonella that contains the bacterial luciferase operon (luxCDABE) under the transcriptional control of a modified recN
promoter. Incubation of these cells with a genotoxic compound causes induction of
the bacterial SOS-response and results in derepression of the recN promoter and expression of the lux operon. Thus, genotoxicity can be measured as a function of
light production. In this study, we have evaluated the VITOTOXTM assay as a sensor for genotoxicity using a set of 50 model agents with diverse mechanisms of action. To date, more than half of these literature compounds have been tested and
preliminary results suggest that the VITOTOXTM assay can be used to detect both
mutagenic and clastogenic compounds.
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AN INTEGRATED TOXICOKINETIC MODEL FOR
ESTIMATING CHILDHOOD BODY BURDENS OF
DIOXINS BASED ON VARIOUS STUDIES

H. Leung2, B. D. Kerger1, P. Scott3 and D. J. Paustenbach4. 1HSRI, Inc.,
Tallahassee, FL, 2Consultant, Danbury, CT, 3ChemRisk, Pittsburgh, PA and
4
ChemRisk, San Francisco, CA.
A one-compartment toxicokinetic model was developed to examine the range of
childhood (ages 0-7) body burdens of dioxin-like polychlorinated dibenzo-p-dioxins and dibenzofurans (PCDD/Fs). The model is predicated on the distribution of
PCDD/Fs solely in the total body adipose volume. We have significantly refined
the model by replacing certain model parameter assumptions with empirical data.
These included: (1) incorporating some recently observed human age-dependent
half life data for PCDD/Fs, (2) updating the childhood body mass index to more
accurately reflect contemporary trends; and (3) utilizing the latest intake data on
2,3,7,8-tetra-, penta-, and hexa-CDD/Fs by children. Childhood exposure scenarios examined included breast or formula feeding for 6 months, followed by other
dioxin uptake from foods and ingestion/dermal contact with residential soils. The
temporal trends of blood lipid TEQ for the children were compared to the background blood levels and selected benchmarks from human and animal toxicity observations. The model predicted that breast milk intake during the first six months
of life corresponded to peak blood lipid TEQ followed by a generally flat or decreasing body burden trend from ages 2 through 6 when contact with contaminated soil is generally thought to be greatest. Breastfed and formula-fed children
showed similar body burdens after age 3, and average soil ingestion and dermal
contact increased time-weighted average TEQ in blood lipid by < 2 ppt for soil
dioxin TEQ concentrations up to 1,000 ppt. This model, especially after further
validation, should be helpful when attempting to estimate the contribution of
PCDD/F contaminated soil on body burdens and potential health risks in children.
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DEVELOPMENTAL AGE EFFECTS ON TISSUE
DISPOSITION OF BDE 47 IN MICE

J. J. Diliberto1, D. F. Staskal2 and L. S. Birnbaum1. 1NHEERL ORD, USEPA,
Research Triangle Park, NC and 2Curriculum in Toxicology, University of North
Carolina, Chapel Hill, NC.
Because of reported adverse developmental effects in rodent studies following exposure to polybrominated diphenyl ethers (PBDEs), these chemicals are potentially
hazardous to infants and young children. This study investigated distribution and
excretion of BDE 47, most dominant PBDE congener found in USA biotic samples, at different times during development in mice. C57BL/6 mice were orally exposed to 1 mg/kg [14C]BDE 47 on postnatal day (PND) 22, 28 or 40. Tissue and
urine samples were collected 24 hr after dosing; carcass analyses were used as an indirect measure of excretion. In all age groups, BDE 47 distributed to lipophilic tissues; most tissue concentrations of BDE 47 were highest in PND 22 mice, and by
PND 40 closely mimicked adult tissue concentrations, except in blood and liver.
Developmental changes were seen in ratios of blood:brain (0.24, PND 22 to 0.04,
adult) and liver:fat (0.06, PND 22 to 0.63, adult). Previous toxicokinetic studies in
adult mice have shown a rapid urinary excretion of BDE 47 in mice. Results of this
study suggest that young, developing mice have an impaired ability to excrete BDE
47 based on lower concentrations of BDE 47 in urine as compared to adults and a
larger % dose remaining in the body 24 hr following exposure in younger mice.
The carcass residual % dose decreased from 59%, PND 22 to 34%, PND 40.
Because active renal transport has been suggested to be involved with rapid excretion of BDE 47, excretion patterns in mice of increasing age (PND 22 to 40) were
compared to ontological expression of renal transport proteins in this species in an
attempt to further identify the mechanism(s) responsible for rapid urinary excretion. These developmental differences led to higher concentrations of BDE 47 at
target tissues during critical windows of development, which may ultimately explain the sensitivity of developing systems to adverse effects of BDE 47. This abstract does not reflect EPA policy. Work partially funded by EPA DESE CT
826513.
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CHANGES IN MOUSE RENAL TRANSPORTER
EXPRESSION IN RESPONSE TO ACETAMINOPHEN

M. E. Blake-Kinnin1, L. M. Aleksunes1, L. Augustine2, N. J. Cherrington2 and
J. E. Manautou1. 1Department . of Pharmacology. Sciences., University of
Connecticut, Storrs, CT and 2Department . of Pharmacology and Toxicology,
University of Arizona, Tucson, AZ.
Membrane transporters are important in the elimination of environmental toxicants and metabolic waste products through the liver and kidneys. Previous studies
demonstrate a concomitant reduction of uptake transporter and induction of efflux
transporter mRNA and protein expression during chemical liver injury. The goal of
this study was to identify alterations in transporter mRNA expression in mouse
kidney following a hepatotoxic dose of acetaminophen (APAP). For this purpose,
groups of C57BL/6J mice received IP injection of either APAP (400mg/kg) or vehicle. Kidney samples were collected at 24 and 48 hours for isolation of total RNA
and membrane fractions. Branched DNA Signal Amplification was used to measure mRNA levels for these transporters. In addition, western blotting was used to
verify changes in protein expression. Transcription of the uptake transporter gene
Oatp1 was decreased to 45% of control at 48 hours after APAP. No changes were
seen in expression of Oatp2, 5, or 9. For efflux transporter genes, Mrp2 mRNA was
increased at 24 hours (1.9 fold) and at 48 hours (2.2 fold); while reduced levels of
Mrp1 were observed (70% of control at 48 hours). Both Oat and Oct transporters
were decreased. At 48 hours, Oat2 and Oct3 were 24% of control while Oct2 was
58% of control. Western analysis with currently available antibodies against Mrp15 and Oct2 confirmed the changes observed in mRNA expression. Furthermore,
western analysis of heme-oxygenase 1 (HO-1), a stress protein, displayed increased
protein levels at 24 hours, suggesting elevated oxidative stress in the kidney cells following APAP exposure. Thus, differential expression of renal transporter genes in
response to acetaminophen plays an important role in toxicant elimination and
may also serve as a protective response.
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ENDOCRINE REGULATION OF GENDER DIVERGENT
EXPRESSION OF MOUSE ORGANIC ANION
TRANSPORTING POLYPEPTIDES (OATPS)

X. Cheng, J. Maher, H. Lu and C. D. Klaassen. Pharmacology & Toxicology,
KUMC, Kansas City, KS.
Several examples of gender-specific pharmacokinetics exist in the literature, and
one reason for these variations may be gender differences in transporter expression.
Organic anion transporting polypeptides (Oatps) are transporters involved in hepatic and renal uptake of many organic compounds. In mouse liver Oatp1a1 is
male-predominant, whereas Oatp1a4 is female-predominant. However in kidney,
Oatp1a1, 3a1, and 4c1 are all female-predominant. The purpose of the present
study is to determine whether sex hormones and/or growth-hormone (GH) secretion patterns are responsible for the gender-specific Oatp expression in mice.
Gonadectomized mice, GHRH-receptor deficient little (lit/lit) mice, and hypophysectomized mice were utilized, with replacement of sex hormone or GH in male or
female secretion patterns. Androgens increased Oatp1a1 mRNA expression in liver
and kidney, whereas male-pattern GH administration increased Oatp1a1 in liver
but not in kidney. Hepatic Oatp1a4 mRNA expression was decreased by both androgens and male-pattern GH administration. In kidney, Oatp3a1 mRNA was
only induced by androgen treatment. Oatp4c1 mRNA expression in mouse kidney
was not altered consistently by either sex steroids or GH treatment, however androgens may be involved. In conclusion, gender-specific Oatp expression in liver is
generally due to male-pattern GH secretion pattern and androgens. In kidney, gender-specific Oatp expression is exclusively due to stimulation by androgens.
Therefore androgens and male-pattern GH secretion play the major role in genderdivergent Oatp expression in mouse liver and kidney. (Supported by NIH grant
ES-09649 and ES-07079)
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TOXICOKINETICS OF P-OCTYLPHENOL IN MALE
AND FEMALE SPRAGUE-DAWLEY RATS

G. Hamelin, K. Krishnan and R. Tardif. Occupational and Environmental Health,
University of Montréal, Montréal, QC, Canada.
Humans are exposed to a number of environmental chemicals that can act as endocrine disruptors. P-Octylphenol (OP) has been reported to have weak estrogenic
properties (in vivo and in vitro) by binding to the estrogen receptor. This study was
undertaken to characterize the toxicokinetics of OP in male and female rats.
Groups of 5 male and 5 female Sprague-Dawley rats were given a single dose of OP
either oral (p.o.) (250, 125 or 50 mg/Kg) or by intravenous (IV) injection (8, 4 or
2 mg/Kg). Blood samples were collected up to 4 hours (IV) and 24 hours (p.o.)
post-exposure. Groups of animals receiving the same treatment were sacrificed after
1 and 3 hours (IV) or 4 and 24 hours (p.o.) post-exposure and tissues (muscle,
brain, fat, liver, kidney, testes, epididymis, uterus and ovaries) were analysed for OP
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content. Tissues were kept frozen (-80°C) until analysis. Blood and tissue OP concentrations were determined by gas chromatography with detection by mass spectrometry. The blood OP concentrations measured 10 minutes after IV administration (mean ± standard deviation) were 947 ± 110, 323 ± 27 and 160 ± 37 ng/ml
(male) and 841 ± 261, 296 ± 109 and 119 ± 16 ng/ml (female) following exposure
to 8, 4 and 2 mg/Kg, respectively. The blood OP concentrations measured 1 hour
after p.o. administration were 386 ± 96, 238 ± 109 and 112 ± 66 ng/ml (male) and
272 ± 154, 290 ± 171 and 86 ± 29 ng/ml (female) following exposure to 250, 120
and 50 mg/Kg, respectively. OP was detected in all tissues. The highest OP concentrations were found in fat while the lowest concentrations were measured in the
muscles. Gender differences in tissue OP concentrations were present which could
indicate gender differences in the toxicity of OP in rats. The fact that OP was found
in testes and in the epididymis suggests that exposure of these tissues to OP may
play a role in the toxicity of the male reproductive system. (Supported by the
NSERC).
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DISPOSITION AND ELIMINATION OF TUNGSTEN
AFTER ORAL AND INTRAVENOUS EXPOSURES

R. Marr1, R. Arimoto2 and J. McDonald1. 1Toxicology, Lovelace Respiratory
Research Institute, Albuquerque, NM and 2Chemistry, CEMRC, Carlsbad, NM.
Tungsten (W) has been nominated for study to the National Toxicology Program
(NTP) because of reported associations between concentrations of W in drinking
water and childhood leukemia. As part of the NTP study on W, the chemical disposition of W (administered as sodium tungstate dihydrate in water) in plasma,
liver, kidney, uterus, femur, and intestine of rodents (Sprague-Dawley Rats and
C57Bl/6N mice) have been characterized after exposures by gavage (1, 10, 100
mg/kg) or intravenous (1 mg/kg, IV). After gavage, animals were euthanized at 1, 2,
4, or 24 h. At each timepoint plasma, small intestine, liver, kidney, femur and
uterus were collected for analysis. Each tissue (or plasma) was acid digestion followed by analysis by a validated inductively coupled plasma mass spectrometry
method. W was observed in plasma and all tissues after both gavage and IV administration. In both species, W concentration was not proportional to the administered dose, but the differences in absorption did not appear to result in marked differences in kinetics of W elimination. In the rats, concentrations in plasma and
most tissues peaked at 4 h after 100 mg/kg gavage, but in lower doses, mice and IV
dosing the peak concentrations were at the 1-2 h timepoints. Although small
amounts of W in some tissues was observed at the 24 h timepoint at 100 mg/kg,
the 1-10 mg/kg doses (both gavage and IV) showed near complete elimination by
24 h. These small residual amounts of W were observed in the small intestine, kidney, and femur after gavage and in the small intestine and femur only after IV dosing. Work supported by NIEHS Contract Number N01-ES-25483
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COMPARATIVE DISPOSITION OF N,N-DIMETHYL-PTOLUIDINE (DMPT) IN MALE AND FEMALE FISCHER
344 RATS AND B6C3F1 MICE

K. J. Dix, K. Ghanbari and B. M. Hedtke-Weber. Lovelace Respiratory Research
Institute, Albuquerque, NM.
DMPT is used as a polymerization accelerator in the manufacture of bone cements
and dental materials, in industrial glues, and as an intermediate in dye and pesticide
synthesis. Thus, there is potential for human exposure to DMPT, an aromatic
amine with a structural alert for potential DNA reactivity. The National Toxicology
Program (NTP) is evaluating the toxicity and carcinogenicity of DMPT in male
and female Fischer 344 rats and B6C3F1 mice. To aid in the design and interpretation of those studies, we have investigated the excretion and tissue distribution of
oral and intravenous (IV) doses of radiolabeled DMPT in these strains of rodents.
A single low (2.5 mg/kg), mid (25 mg/kg) or high (250 mg/kg) dose of carbon-14
labeled DMPT was administered. Excreta collected for up to 72 h after dosing and
tissues collected at sacrifice were analyzed for total radioactivity. Early studies were
terminated at 72 h. After a low IV dose to male rats ~100% of the dose was excreted
and <2% was recovered in tissues at 72 h. The high oral dose was acutely toxic to
male mice. The same oral dose was not overtly toxic to male rats, and by 72 h 86%
of the dose was excreted and 2% remained in tissues. Subsequent studies were terminated at 24 h to better understand the tissue distribution of radioactivity at earlier time points, which are more relevant to the interpretation of repeated dose toxicity studies. After the high oral dose to male rats ~18% of the dose was recovered
in tissues and ~72% was excreted by 24 h. In contrast, at the low and mid doses
most of the radioactivity (~83-100%) was excreted by 24 h and <5% remained in
tissues. In summary, DMPT derived radioactivity was rapidly excreted by rats and
mice after a single oral or IV dose and no striking sex differences in DMPT disposition were observed within a species. However, dose dependent differences in toxicity and disposition were observed. These data will be used to aid in the interpretation of safety/toxicity studies of DMPT conducted by the NTP. (Supported by
NIEHS Contract N01-ES-25483)
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DETERMINATION OF ACESULFAME-K
CONCENTRATIONS AND PRELIMINARY
PHARMACOKINETICS IN C57BL MOUSE PLASMA AND
URINE

J. Lodge1, B. Fletcher1, D. Brine1, J. Pittmen1, C. Harris1, S. Cooper1, S.
Anderson1, B. Collins2 and C. Garner1. 1RTI International, Research Triangle Park,
NC and 2National Institute of Environmental Health Sciences, Research Triangle
Park, NC.
The purpose of this work was to develop, validate, and apply liquid chromatographic methods for the determination of acesulfame-K (AcK) in C57BL mouse
plasma and urine. These methods were subsequently used to quantitate AcK in
plasma and urine from mice dosed in a preliminary toxicokinetic study. Male and
female animals were dosed orally (gavage) and intravenously at 10 mg/kg and then
plasma and urine collected at up to 24 hours post dose. Plasma samples were analyzed with an HPLC method using a C18 reverse phase column validated in the
range of 0.750 to 300 ug/mL. Urine was analyzed with a second HPLC method
using an ODS-3 column and a Novapak Phenyl 60Å in tandem validated in the
range of 25.0 to 400 ug/mL. Both methods used saccharin as internal standard with
detection by UV absorbance at 230 nm. Following IV administration, plasma AcK
concentrations declined rapidly and linearly within 120 min and a second AcK
peak was observed at 240 minutes. Half-life was estimated to be 11-15 minutes.
Plasma concentrations of AcK reached maximal levels within 45 minutes and rapidly declined following oral doses. Plasma AcK were below limits of detection by
480 minutes post dose. A second peak was also observed following oral administration, suggesting enterohepatic recirculation. Following IV and PO administration,
45% (males) and 70% (females) of the dose was excreted in urine by 24 hours. Oral
bioavailability was estimated to be 90-100% based on urinary data.
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OXIDATIVE AND HYDROLYTIC METABOLISM OF
TYPE I PYRETHROIDS IN RAT LIVER MICROSOMES

E. J. Scollon1, J. M. Starr2, M. F. Hughes1 and M. J. Devito1.
1
ORD/NHEERL/ETD, USEPA, Research Triangle Park, NC and
2
ORD/NERL/ETD, USEPA, Research Triangle Park, NC.
Pyrethroids are a class of neurotoxic insecticides used in a variety of agricultural and
household activities. Increased potential for human exposure to pyrethroids has
prompted pharmacokinetic research. To that end, our lab has determined the in
vitro clearance of the Type I pyrethroids permethrin, bifenthrin, and resmethrin in
male rat hepatic microsomes. The aim of this study was to determine the fraction of
clearance due to NADPH-dependent oxidative metabolism and NADPH-independent hydrolytic metabolism. 0.5 µM solutions of cis-permethrin, trans-permethrin, bifenthrin and resmethrin were incubated in hepatic microsomes in the presence or absence of NADPH. Metabolism was measured using a parent depletion
approach. Parent compound concentrations were determined by LC/MS.
Clearance rates for individual chemicals incubated with NADPH (1mg/ml) were
4.93E-02, 2.00E-02, 1.25E-02, and 3.8E-02 L/hr per mg protein for cis-permethrin, trans-permethrin, bifenthrin, and resmethrin. In the absence of NADPH,
trans-permethrin (1.22E-02 L/hr) and resmethrin (9.67E-03 L/hr) were metabolized at reduced but significant rates while cis-permethrin and bifenthrin were not
appreciably cleared. The clearance rates for the cis- and trans- isomers in a commercial mixture of permethrin (21:79 cis:trans) were similar to the rates obtained
for the pure isomers. Clearance for cis-, trans- and total permethrin were 5.99E-02,
3.19E-02 and 4.37E-02 L/hr per mg protein when incubated with NADPH. In the
absence of NADPH, cis- did not degrade significantly but trans- and total permethrin were cleared at 1.9E-02 and 1.62E-02 L/hr per mg protein. It appears that at
concentrations below Km, chemical interactions are not significant between cisand trans-permethrin. (This abstract does not represent US EPA policy.)
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IMPLICATIONS OF AGE-DEPENDENT HALF LIVES OF
DIOXINS ON ASSESSMENT OF BREAST MILK DOSE
AND BODY BURDEN

R. O. Richter2, B. D. Kerger1, H. Leung4 and D. J. Paustenbach3. 1HSRI, Inc.,
Tallahassee, FL, 2Exponent, Irvine, CA, 3ChemRisk, San Francisco, CA and
4
Consultant, Danbury, CT.
Compared to typical adult dietary background doses, breast-fed infants receive
daily doses (pg /kg bw/day) of dioxin-like polychlorinated dibenzo-p-dioxins and
dibenzofurans (PCDD/Fs) that can be one to two orders of magnitude higher.
Although background PCDD/Fs in breast milk decreased several-fold during the
last two decades, this source remains a potential public health concern. Recent data
showing relatively short PCDD/F half lives in breast-fed infants (0.3 to 0.6 yr)
combined with age-dependent rates of increase in congener-specific half life (0.05
to 0.2 yr/yr) allow for a more rigorous examination of maternal and infant body

burdens of dioxins relating to breast milk ingestion. In reproductive age females
(e.g., age 16 to 35), the age-dependent half life trends equate with much lower cumulative adipose tissue PCDD/F levels in the mother before pregnancy, and much
lower peak and time-weighted average adipose tissue levels in the breast-fed infant
compared to an assumption of constant half life (e.g., 7 years for TCDD). Women
having their first child at a younger age exhibit lower body burdens and lower breast
milk transfer of dioxins. Multiparous mothers exhibit lower body burdens and
lower breast milk transfer of dioxins to second-born and subsequent infants. We believe that these factors equate with a generational effect that will continue to reduce
PCDD/F body burdens in mothers and breastfed children in the future. These agedependent half life trends suggest that steady state accumulation models should not
be used to determine maternal body burden or breast milk levels, and that the impact of predominant dietary sources as well as specific site-related contributions are
probably overstated by previous breast milk models adopted by USEPA.
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THE PHARMACOKINETICS OF DEET IN THE MOUSE
1

W. McGuinn , M. Peden-Adams2, J. EuDaly2, G. Gilkeson2 and D. Keil3. 1USFDA, Silver Spring, MD, 2MUSC, Charleston, SC and 3UNLV, Las Vegas, NV.
Previous studies in our laboratory identified that exposure to DEET (N,N-diethylmeta-toluamide) suppresses humoral immunity. In this follow-up study, we report
the subcutaneous bioavailability of DEET relative to intravenous (IV) administration using B6C3F1 female mice dosed with 15.5 mg/kg (81-umol/kg) of DEET.
One mouse per time point was dosed for a total of 16 time points to 7 hours intravenously (IV) and 6 hours SC. The mice were exsanguinated at the predetermined
time. The serum was separated by centrifugation and extracted with chloroform.
Two microliters of the chloroform layer was injected Hewlett-Packard 5890 gas
chromatograph to determine the concentration of DEET. We analyzed this plasma
concentration vs. time data using a non-compartmental model with WinNonLin
Professional 4.1 (Pharsight Corp.). After IV administration, Tmax did not occur
until 6 minutes after dosing probably because of slow circulation through the vascular bed in the mouse tail-vein. After IV administration, DEET was very widely
and rapidly distributed to a volume, Vz, of 3569 L/kg. The clearance was 20
L/min/kg and the AUC∞ was 3983 nmol*min/L. The terminal elimination halflife was 121 minutes, based on,λz determined from the last 10 time points.
Parameters determined after SC dosing were comparable. The Vz/F was 2640 L/kg,
clearance was 21 L/min/kg and the half-life was 85 minutes, based on 4 points.
AUC∞ was 3786 nmol*min/L giving a SC bioavailability (F) of 95%. The shapes
of the elimination curves were comparable. Thus, administration of DEET via the
SC route provides exposures comparable to those obtained after IV administration.
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AGE- AND DOSE-DEPENDENT TISSUE DISTRIBUTION
OF DELTAMETHRIN (DLM) IN MALE SPRAGUEDAWLEY (S-D) RATS

K. Kim1, 2, J. V. Bruckner1 and H. Kim1. 1Department of Pharmaceutical and
Biomedical Sciences, University of Georgia, Athens, GA and 2Pharmacology
Department, National Institute of Toxicological Research, Korea Food and Drug
Administration, Seoul, South Korea.
DLM is a widely-used type II pyrethroid insecticide. The parent compound is a relatively potent neurotoxicant. Previous studies have shown that immature rats are
more susceptible to acute DLM neurotoxicity than adults. The disposition of DLM
was evaluated in the brain and fat of male Sprague-Dawley (S-D) rats to determine
whether the immature rats’ greater susceptibility is due to age-dependent target tissue deposition of DLM. Ten-, 21- and 40-day-old (immature) and 90-day-old
(adult) S-D rats received 0.4, 2 and 10 mg DLM/kg by gavage in glycerol formal.
Serial plasma, brain, and fat samples were collected over 96 hr and analyzed for
DLM content by high performance liquid chromatography. While salivation and
tremor were transient in 40- and 90-day-old rats, the signs were severe in 10- and
21-day-old animals, leading to their death by 6 and 12 h, respectively, at 10 mg/kg.
In the 2 mg/kg group, all the animals lived up to the 96-hr time point, but 10- and
21-day-old rats showed neurotoxic signs. In each age group, DLM concentrations
vs. time curves showed dose-dependent kinetics in plasma, whole brain, and fat.
The area under the DLM concentrations vs. time curves (AUCs) for plasma, brain,
and fat each progressively decreased with increasing age (for example, AUC06hr values for brain isolated from rats given 2 mg/kg were: 0.46 (10-day-old), 0.26 (21day-old), 0.11 (40-day-old) and 0.04 (90-day-day-old) mghr/L, respectively). In
a related study (Anand et al., 2006), we reported that DLM metabolism in liver and
plasma steadily increased during maturation. The marked differences in target
organ (brain) and depot (fat) disposition of DLM in immature and mature rats indicate that toxicokinetics plays an important role in the susceptibility of immature
rats to acute DLM neurotoxicity. (Supported by EPA STAR Grant R830800)
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EFFECTS OF PERFLUOROOCTANESULFONATE ON 125I
ELIMINATION IN RATS AFTER A SINGLE
INTRAVENOUS DOSE OF 125I-LABELED THYROXINE

S. Tanaka1, M. Eastvold2, E. Foshay1, J. Hart1 and J. Butenhoff1. 13M Company,
St. Paul, MN and 2Mayo Medical Laboratories, Rochester, MN.
Perfluorooctanesulfonate (PFOS) has been found widely distributed in humans
and wildlife. Prior studies have observed decreased total and free thyroid hormones
(TH) in serum without a major compensatory rise in thyrotropin (TSH) or altered
histology of the thyroid. Using a reference method (equilibrium dialysis-RIA) for
free thyroxine (FT4), we have found that analog methods in serum containing
PFOS are prone to artificially low FT4 measurements due to binding competition
between PFOS and thyroxine (T4). In fact, after short-term dosing with PFOS,
FT4 is transiently increased, as well as the hepatic response (malic enzyme) to TH.
Because the diagnosis of hypothyroidism is based on elevated TSH and decreased
FT4, our data suggested a lack of hypothyroid state in rats; however, it remained
unclear why there was a reduction of serum total thyroxine (TT4) (hypothyroxinemia). We hypothesized that, in the presence of PFOS, increased serum free TH can
increase TH availability to peripheral tissues and result in enhanced utilization and
excretion. The effects of PFOS on serum TT4, 125I tissue distribution, and 125I
elimination in urine and feces after a single intravenous injection of ~10 µCi 125IT4 followed by an oral dose of either vehicle (controls) or 15 mg PFOS/kg (treated)
were investigated in male and female rats over a 24-hour period. Statistically significant changes from control included: decreased serum TT4, and serum and liver
125
I; increased fecal and urinary (males only) 125I. Urinary 125I was increased in females without statistical significance. The increases in fecal and urinary elimination
of 125I and the corresponding decreases in serum and liver 125I and serum TT4 suggest greater turnover of T4, possibly due to increased FT4 leading to increased peripheral tissue uptake, metabolism, and elimination. This would explain the reduced serum TT4 observed after dosing with PFOS.

574

ACCUMULATION OF NEUROTOXIC METABOLITES OF
3,4-(±) METHYLENEDIOXYMETHAMPHETAMINE IN
RAT BRAIN FOLLOWING MULTIPLE DOSING

G. V. Erives, S. S. Lau and T. J. Monks. Pharmacology and Toxicology, University
of Arizona Health Science Center, Tucson, AZ.
3,4-(±)Methylenedioxymethamphetamine (MDMA, ecstasy) is a serotonergic neurotoxicant. The neurotoxicity appears dependent upon systemic metabolism of
MDMA since direct injection of this amphetamine analog into the brain fails to reproduce the toxicity. MDMA is demethylenated by cytochrome(s) P450 to the catechol metabolite N-methyl-α-methyldopamine (N-Me-α-MeDA). We have shown
that thioether (glutathione [GSyl] and N-acetylcysteine [NACSyl]) metabolites of
N-Me-α-MeDA are neurotoxic, and present in rat brain following subcutaneous
injection of MDMA. The present study was designed to determine the effects of
multiple doses of MDMA (4 X 20 mg/kg at 12h intervals) on the concentration of
MDMA metabolites in rat brain striatal dialysate, since multi-dose MDMA administration is typical of drug intake during rave parties. Concentrations of 5-GSyl-NMe-α-MeDA after each dose of MDMA were maximum between 30-60 min after
drug injection. Although the Cmax values for 5-GSyl-N-Me-α-MeDA were similar
after each dose (22.5-27.0 pmol/10µl), the AUC increased after the third and
fourth injections. Peak concentrations of 5-NACSyl-N-Me-α-MeDA and 2,5-bisNACSyl-N-Me-α-MeDA occurred between 120-180 min after drug injections.
The time to reach 1⁄ 2 Cmax for 5-NACSyl-N-Me-α-MeDA decreased by 45% between the first (124 min) and fourth (68 min) injections, and the AUC for both 5NACSyl-N-Me-α-MeDA and 2,5-bis-NACSyl-N-Me-α-MeDA increased between
the first and fourth doses. The time to reach 1⁄ 2 Cmax for 5-NACSyl-N-Me-αMeDA decreased by 80% between the first (85 min) and fourth (17.5 min) injections, concomitant with increases in the Cmax from 33.0 pmol/10 µl to 49.5
pmol/ 10µl, possibly because processes for its elimination became saturated. The
data indicate that neurotoxic metabolites of MDMA may accumulate in brain following multiple dosing. (P30 ES 06694)
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BRAIN METABOLISM OF ACRYLONITRILE TO
CYANIDE: IN VITRO STUDIES

O. S. El-Tawil1, A. M. Mohamadin2, A. B. Abdel-Naim3 and A. H. AbouHadeed4. 1Department of Toxicology and Forensic Medicine, Faculty of Veterinary
Medicine, Cairo University, Cairo, Egypt, 2Tumor Marker Oncology Research Unit,
Department of Biochemistry, Faculty of Pharmacy, Al-Azhar University, Cairo, Egypt,
3
Department of Pharmacology and Toxicology, Faculty of Pharmacy, Ain Shams
University, Cairo, Egypt and 4Department of Forensic Medicine and Toxicology,
Faculty of Veterinary Medicine, Zagazig University, Zagazig, Egypt.
Acrylonitrile (ACN) is a widely used industrial chemical. It is used in the manufacture of acrylics, plastics and synthetic rubber. It has been known to cause extensive
brain tumors in rats. ACN requires metabolic activation to reactive epoxide that
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can bind to macromolecules to initiate a series of events that lead to tumors formation. The brain can metabolize a variety of substances and play a role in the activation of many xenobiotics. The present study was designed to assess the ability of
brain tissue to activate ACN to cyanide (CN-) in vitro. In brain centrifugal fractions from male Sprague-Dawley rats, the majority of the metabolic activity was localized in the microsomal fraction. Pretreatment of rats with cyt-P450 inducers
(clofibrate, phenobarbital, β-naphthoflavone, or ethanol) significantly enhanced
brain microsomal metabolism of VCN to CN-. Addition of cyt-P450 inhibitors;
quinine, metyrapone, dimethyl sulfoxide or α-naphthoflavone to the brain microsomal incubation mixtures resulted in a significant inhibition of microsomal metabolism of ACN to CN-. Furthermore, the rate of ACN metabolism to CN- was
enhanced significantly by the addition of sulfhydryl compounds to the incubation
mixtures such as glutathione, dithiothreitol, L-cysteine, D-penicillamine, 2-mercatoethanol. In conclusion, the present results indicate that extra hepatic tissues such
as the brain microsomes are capable of metabolizing ACN to CN- via cytochrome
P450-dependent mixed function oxidase system. In addition, most sulfhydryl compounds enhance the release rate of CN- from ACN.
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EVALUATION OF PERFLUOROOCTANE SULFONATE
IN THE RAT BRAIN

C. Lau1, J. R. Thibodeaux1, K. Das1, D. J. Ehresman2, S. Tanaka2, J. Froehlich3
and J. L. Butenhoff2. 1Reproductive Toxicology Division, NHEERL, ORD, US
Environmental Protection Agency, Research Triangle Park, NC, 2Medical
Department, 3M Company, St. Paul, MN and 3Department of Chemistry, University
of California, Davis, CA.
Perfluorooctane Sulfonate (PFOS) is an environmentally persistent chemical that
has been detected in humans and wildlife. PFOS is primarily distributed in liver
and blood. The current study evaluated the level of PFOS in the adult and neonatal rat brain and determined whether there was a differential distribution among
brain regions. Sprague-Dawley rats (60-70 day old) were given 3 mg/kg PFOS/K+
by oral gavage daily for 14 days and sacrificed 24 h after the last treatment. A blood
sample was obtained from the tail vein prior to sacrifice, and the brain was perfused
with isotonic saline. Five brain regions: cerebral cortex, hippocampus, cerebellum,
hypothalamus and brainstem, were dissected immediately and stored frozen at 80oC until analysis. For the developmental study, timed-pregnant rats were given
PFOS (3 mg/kg) daily from gestational day 2 to 21 and allowed to deliver litters.
Pups were sacrificed on postnatal day 7, and their brains were perfused and dissected similarly to the adults. Trunk blood was obtained from littermates.
Extraction of brain homogenate employed a base digestion followed by a solid
phase extraction at an acidic pH for optimal recovery. PFOS was determined by
HPLC-MS-MS. Mean serum PFOS was 123 µg/ml for the adults and 52 µg/ml for
the pups. Mean concentrations of PFOS among adult brain regions ranged from 58 µg/g, or 4.5-6.6% of the serum level. In contrast, PFOS in neonatal brain ranged
from 16–29 µg/g, or 29-55% of serum level. These data indicated a limited presence of PFOS in the adult rat brain after subchronic exposure, with no differential
distribution among regions. However, compared to the adults, substantially higher
concentrations of PFOS were detected in the neonatal rat brain, likely due to incomplete formation of the blood-brain barrier at that developmental stage. This abstract does not necessarily reflect EPA policy.
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AHR MEDIATED HEMATOTOXICITY IS INDUCED AT
THE SITE OF BONE MARROW WHERE CONSEQUENT
CYP2E1-DERIVED BENZENE METABOLITES LOCALLY
INDUCE THEIR TOXICITY

Y. Hirabayashi1, B. Yoon1, G. Li1, Y. Fujii-Kuriyama2, T. Kaneko1, J. Kanno1
and T. Inoue3. 1Cell & Mol Toxicology Division, NIHS, Tokyo, Japan, 2TARA,
University. of Tsukuba, Tukuba, Japan and 3CBSR, NIHS, Tokyo, Japan.
We have reported that benzene-induced hemopoietic toxicity is transmitted by
AhR. We also found that cytochrome P450 2E1 (CYP2E1) related to benzene metabolism is also up regulated in the bone marrow (BM) by benzene exposure in
BM. Therefore, it is of interest to hypothesize a greater role of BM cells in hemopoietic toxicities rather than the hepatic metabolism. Accordingly, in the present
study, benzene-induced hemopoietic toxicity was evaluated in wild type (Wt) mice
after a lethal dose of whole-body irradiation followed by repopulation of BM cells
that lack AhR or, vice versa, in AhR-KO (AhR-/-) mice after repopulation of Wt BM
cells. As results, benzene-induced hemopoietic toxicity seems to have been transmitted through AhR, and benzene was transformed by de novo metabolism with
CYP2E1 in the BM. The establishment of homozygous AhR-KO mice is described
elsewhere. The BM repopulation assay was performed similarly to the assay of
CFU-S, except that 106 BM cells were injected into lethally irradiated mice. One
month after the transfusion of BM cells, the repopulated mice were used in the experiment. The benzene atmospheres were generated by heating liquid benzene to
16°C to form a vapor, and then the benzene-laden air was directed into 1.3 m3 in-

halation chambers, followed by evaluation of hemopoietic parameters including
number of hemopoietic progenitor cells. Mice that have been lethally irradiated and
repopulated with BM cells from AhR-KO mice essentially did not show any benzene-induced hematotoxicity, implying that such toxicity is derived from de novo
metabolisms with CYP2E1 in the BM other than hepatic metabolism. The present
study raises two questions on AhR-mediated TCDD-induced hematotoxicity: Do
Wt mice repopulated with AhR-KO BM cells show hematotoxicity by TCDD unlike in the case of benzene exposure? If such were the case, what would be the transmitter from the site of xenobiotic metabolic activation to the BM?
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TOXICOKINETIC - TOXICODYNAMIC RELATIONSHIPS
IN CASES OF FIPRONIL EXPOSITION

A. Anadon, M. R. Martinez-Larranaga, M. A. Martinez, V. Caballero, M. J.
Diaz, M. Martinez and R. Pita. Department of Toxicology and Pharmacology,
Faculty of Veterinary Medicine, Complutense University, Madrid, Spain.
Fipronil (F) is a potent blocker of GABA receptors. In relation to its oral LD50 values, the sensitivity of insects to F is 700- to 1300-fold higher than that in rats. At
the level of GABA receptors, F IC50 against cockroach GABA receptors was 59fold lower than that of rat GABAA. Therefore, differences in the sensitivity of another target site may also play a role in the selective toxicity. In this study we evaluate neurochemical effects and the value of Toxicokinetic-Toxicodynamic
relationships. The objective was to correlate serotonin levels and kinetic parameters
in nervous tissues of Male Wistar rats exposed to F. Two experiments were carried
out: (1) Rats treated with F (single dose 15 mg/kg, per os) were killed at different
time periods after treatment and brain region samples isolated to determine F levels
by HPLC-UV. Time concentration data were analysed with pharmacokinetic analysis software program. (2) Rats treated with F (15 mg/kg, per os, 5 days) and rats
treated with corn oil (control animals) were killed 24 h after dosing and nervous tissue samples isolated and contents of 5-HT and 5-HIAA quantified by HPLC-ED.
The data presented herein suggest that a lower activity of serotonergic system exists
in the action of F and that TK-TD relationships should be considered for the risk
assessment of F.

579

PREVENTING THE CONTAMINATION OF CONTROL
SAMPLES BY TEST ARTICLE DURING TOXICOKINETIC
INVESTIGATIONS

H. Devine. Toxicology, Charles River Laboratories Preclinical Montréal, Senneville,
QC, Canada. Sponsor: C. Banks.
The EMEA document “Guideline on the Evaluation of Control Samples in
Nonclinical Safety Studies: Checking for Contamination with the Test Substance”
was ratified March 17, 2005 (effective in September). This guidance document
states that significant contamination of control samples may lead to the invalidation of studies due to their poor overall quality or to inappropriateness of toxicokinetic data. The fact that improvements in analytical technology allow quantitation
of drug substance at picogram levels, and in view of this trend towards the collection and analysis of control samples, control contamination is now a significant
cause for concern. Early in 2004, the presence of test article was found in several
samples from control animals in studies at this facility, prompting a review and improvement of toxicokinetic procedures. The evaluation found that the contaminated samples did not present metabolites or profiles indicative of systemic exposure. Therefore, the focus fell on ex vivo processes and supplementary procedures
were developed. The three key actions are: a high level of cleanliness and clear identification and separation of equipment/clothing between the control and treated
groups, overview by a sampling monitor/coordinator, and education of the technical staff. This set of procedures established in October 2004 for inhalation studies
at this facility has resulted in a dramatic reduction in the incidents and levels of
contamination and, in the majority of cases, there is no measurable contamination
in control samples. The absence of metabolites and profiles in the control samples
and the successful implementation of changes in external sample handling procedures indicate the focus on ex vivo sources of contamination was correct. The procedures were initially implemented on those study types considered to have significantly higher potential for ex vivo contamination: inhalation and dietary studies.
Subsequently, the anti-contamination measures have successfully been applied to all
study types
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MINIMALIST SAMPLING STRATEGIES FOR
TOXICOKINETICS: A RETROSPECTIVE ANALYSIS

D. M. Grant, L. Kendall, D. Schnell, C. Langer and K. Lee. Pfizer, Inc., Groton,
CT.
As part of the regulatory process for IND and NDA submissions to the FDA, ICH
Guidelines require that Non-clinical safety studies characterize the Toxicokinetics
(AUC, Cmax and Tmax) of all NCE’s in the dose range used during the non-clini-

cal safety assessment program. The purpose of this retrospective analysis was to define the minimum number of time points required to accurately estimate Cmax
and AUC, and define what types of profiles/study designs required more rigorous
TK assessments in order to define the TK parameters. TK data from more than 150
legacy studies, comprising more than 1000 data sets, across all therapeutic areas and
zones were included in the analysis. The types of studies in this analysis included,
dose range-finding, multiple dose non-GLP and GLP, and large animal cardiovascular safety pharmacology studies, but excluded in-feed, tid dosing, IV, and biologics studies. In order to perform the analysis, four time points were chosen for each
compound and the TK parameters were calculated with those four time points for
all studies for that compound. The recalculated Cmax and AUC were considered
similar to the original Cmax and AUC derived from more time points, if they were
within ± 15% of the original estimates. The data from this analysis indicated that
Cmax could be adequately described using four time points in 92% of the data sets
analyzed, while AUC could be adequately described in 84% of the data sets analyzed. In general, TK parameters were overestimated when fewer time points were
selected, with the exception of some combo studies, in which TK parameters were
underestimated for one NCE and its metabolites because of an earlier Tmax than
the second NCE or its metabolites. In conclusion, while four time points could be
used to accurately describe TK parameters for most studies, a four time point strategy did not adequately describe TK parameters following BID dosing, when Tmax
shifts with increasing dose, or when Tmax differs for different analytes (i.e. combination therapies or parent/metabolites).
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VALIDATION OF A SELECTIVE METHOD FOR
DETERMINATION OF DOXIFLURIDINE AND 5FLUOROURACIL IN DOG PLASMA BY LC-MS/MS:
APPLICATION TO THE BIOEQUIVALENCE STUDY

E. Jeong1, J. Kim1, Q. Jin1, W. Kang2, J. Lee1, J. Ha1 and E. Seo1.
1
Pharmacokinetics & Toxicokinetics, Korea Institute of Toxicology, Daejeon, South
Korea and 2College of Pharmacy, Catholic University of Daegu, Daegu, South Korea.
Sponsor: W. Koh.
PURPOSE: A simple, sensitive and selective liquid chromatographic-tandem mass
spectrometric method (LC-MS/MS) was developed and validated for doxifluridine
and 5-fluorouracil quantification in dog heparinized plasma. METHODS: Sample
preparation was based on liquid-liquid extraction using a mixture of
isopropanol/ethyl acetate (10/90; v/v) to extract the drug and internal standard (IS)
from plasma. Chromatography was performed on a C-18 analytical column and
the retention times were 2.7, 1.5 and 1.7 min for doxifluridine, 5-fluorouracil and
5-chlorouracil (IS), respectively. The ionization was optimized using ESI negative
mode and selectivity was achieved by tandem mass spectrometric analysis by multiple reaction monitoring (MRM) using the transformations of m/z 244.8>107.6,
129.0>42.0 and 144.9> 42.1 for doxifluridine, 5-fluorouracil and 5-chlorouracil
(IS), respectively. RESULTS: The achieved low limit of quantification was 5.0
ng/ml and the assay exhibited linear range of 5-1000 ng/mL (R(2)>0.999). CONCLUSION: Validation results on linearity, specificity, accuracy, precision as well as
application to the analysis of samples after oral administration of 200 mg of doxifluridine in 5 healthy Beagle dogs demonstrated the applicability to bioequivalence
studies.

582

ENDOSCOPY FOR INTRADUODENAL DRUG
ADMINISTRATION: COMPARISON OF THREE
ANESTHETIC PROTOCOLS IN GOTTIGEN MINIPIGS,
BEAGLE DOGS AND RHESUS MONKEYS

S. Authier1, 2, F. Chaurand1, S. Fournier1 and E. Troncy2. 1Veterinary Services,
LAB. Preclinical Research, Laval, QC, Canada and 2Biomedicine, Faculty of
Veterinary Medicine, University of Montréal, St-Hyacinthe, QC, Canada. Sponsor:
I. Dean.
Introduction: Endoscopy can be useful for preclinical pharmacokinetic, metabolism and toxicological evaluations of drugs intended for oral administration in humans. Direct intraduodenal administration prevents degradation by gastric acidity.
A short sedation is needed to perform this procedure in all large animal species. The
aim of this study was to compare anesthetic protocols for intraduodenal drug administration. Methods: A short anesthesia was induced using isoflurane (inhalant
gas) propofol (intravenous) or ketamine and midazolam (intramuscular) in
Gottingen minipigs, Beagle dogs and Rhesus monkeys. A dosing line was introduced in the duodenum and 2 mL/kg of dextrose 50% was administered. Blood
pressures, heart rate, body temperature and reflexes (corneal, palpebral, mandibular, glossopharyngeal and limb motricity) were evaluated every 5 minutes. To evaluate intestinal absorption, glycemia was evaluated prior to dextrose administration
and at 2, 5, 10, 15, 20, 30, 45 and 60 minutes post-dosing. Results: Recovery using
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isoflurane was significantly faster than ketamine and midazolam (IM) in the 3
species. Isoflurane produced a greater degree of hypothermia in all species. Propofol
created less heart rate depression than other anesthetic protocols in Rhesus monkeys. Glucose absorption following propofol induction was excellent for all 3
species. Conclusion: Isoflurane resulted in rapid recovery and predictable absorption following intraduodenal administration in these 3 species. Propofol is an acceptable alternative to isoflurane in Rhesus monkeys.

583

COMPARATIVE RAT AND MOUSE IN VITRO
METABOLISM OF 1,4-DIOXANE

A. D. Woodstock1, C. M. Carosino1, H. Wu1, K. D. Thrall1, J. J. Soelberg1, B.
J. Locey2, R. J. Clarkson2, S. Sager2, R. A. Corley1 and T. S. Poet1. 1Battelle,
Pacific Northwest Division, Richland, WA and 2Arcadis G&M of Michigan, LLC,
Southfield, MI.
1,4-Dioxane (dioxane) is a colorless liquid widely used for its solvent properties.
Two physiologically based pharmacokinetic models have been published to describe
the disposition of dioxane in rats and humans. There were notable differences between models in the derivation of metabolic rate constants and no data are available
to validate the model in the mouse. Thus, studies were conducted to determine the
in vitro metabolic rate constants for the conversion of dioxane to its major metabolite, β-hydroxyethoxyacetic acid (HEAA) in rat and mouse liver. The metabolism of
dioxane is most likely mediated by cytochromes P450. However, incubation of a
range of concentrations of dioxane in rat liver microsomes under a variety of incubation conditions resulted in neither a measurable decrease in dioxane concentrations nor the appearance of HEAA. Similar results were obtained using rat liver cytosol. It was hypothesized that isolated hepatocytes would provide a more stable
system in which conversion of dioxane to HEAA could be determined and metabolic rate constants measured. Therefore, dioxane concentrations ranging from 0.1
to 100 mg/ml were incubated in rat and mouse cryopreserved isolated hepatocytes
for up to 2 hr. Although dioxane levels did not change measurably, HEAA concentrations increased linearly with time up to 1 hr and hepatocyte density up to 2.5 x
106 cells/ml. Michaelis-Menten rate constants (Km and Vmax) were determined
using non-linear kinetic analysis. The Michaelis-Menten constant (Km) was similar
in rat and mouse hepatocytes (2.5 and 2.6 mg/ml, respectively) while the Vmax was
approximately double in mouse hepatocytes compared to rat (1.92 vs. 3.74
µg/hr×106 cells). Although dioxane concentrations and incubation conditions were
similar to studies with subcellular fractions, isolated hepatocytes provided a more
effective means for determining species differences in metabolism. (Sponsored by
the 1,4-Dioxane Risk Management Consortium)

584

PLACENTAL TRANSPORT OF BREVETOXIN IN MICE

J. Benson1, A. Gómez1, G. Statom1, B. Tibbetts1, L. Backer2, D. Baden3 and A.
Reich4. 1Lovelace Respiratory Research Institute, Albuquerque, NM, 2CDC, Atlanta,
GA, 3University of North Carolina, Wilmington, NC and 4Florida Department of
Health, Tallahassee, FL.
Brevetoxins are naturally-occurring environmental contaminants produced by the
dinoflagellate Karenia brevis. They are lipid soluble, potent neurotoxins, with pronounced irritant effects on the mucous membranes and airways of individuals exposed via inhalation during Florida red tides. They distribute widely throughout
the body following intravenous, oral, or intratracheal administration in rodents. To
date, no studies have addressed the placental transfer of brevetoxins. The purpose of
this study was to examine the uptake and clearance of 3H-brevetoxin-3 (3H-PbTx3) in fetal and maternal tissue. Twenty-eight pregnant CD-1 mice were administered a single dose of 3H-PbTx-3 (1 µCi, approximately 50 ng/mouse; 1 µg PbTx3/kg) by intratracheal instillation on day 18 of gestation. Dams were sacrificed at
0.5, 1, 4, 8, 16, 24 and 48 hr after dosing, or at parturition. Maternal blood, brain,
lung, liver, kidney, spleen, uterus, GI tract, ovaries, placentas, and pups were harvested. PbTx-3 associated radioactivity was found in placentas and fetal tissue
within 0.5 hr of dosing, indicating the placenta is not a barrier for brevetoxin. Total
brevetoxin equivalents in maternal liver dropped from 12.0 ± 5.05 ng at 0.5 hr post
dosing to 2.58 ± 0.57 ng 24 hr post dosing. In contrast, total amounts in fetus were
2.03 ± 1.67 ng at 0.5 hr and 4.67 ± 0.76 ng at 24 hr. Dose in fetuses within 24 hr
after brevetoxin administration approached 10% of that administered to the pregnant dam. The concentration of PbTx-associated activity was 0.26 ng/g milk from
lactating dams. The implications of these findings for humans remain to be determined because the PbTx-3 doses to mice were orders of magnitude greater than expected for humans during exposure to aerosolized Florida red tides and, as yet, no
adverse health effects associated with fetal exposure in mice have been demonstrated. Research supported by a grant from the CDC/Florida Department of
Health and by NIEHS P01 ES 10594.
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THE PHARMACOKINETICS OF 1,4-DIOXANE AND ITS
METABOLITE, β-HYDROXYETHOXYACETIC ACID, IN
MALE B6C3F1 MICE

J. J. Soelberg1, A. D. Woodstock1, R. A. Corley1, B. J. Locey2, R. Clarkson2, S.
Sager2 and K. D. Thrall1. 1Battelle, Pacific Northwest Division, Richland, WA and
2
Arcadis G&M of Michigan, LLC, Southfield, MI.
1,4-Dioxane (dioxane) is a colorless liquid widely used for its solvent properties.
Two physiologically based pharmacokinetic (PBPK) models have been published
describing the disposition of dioxane in rats and humans. One of these models was
extended to mice; however, there were no data available to validate the model in the
mouse. Therefore, studies were conducted to develop partition coefficient values for
dioxane in mouse blood and tissues, and to generate blood time-course data for
dioxane and its primary metabolite, β-hydroxyethoxyacetic acid (HEAA) in the
mouse following single doses of 20, 200, or 2000 mg dioxane/kg body weight by
oral gavage. In general, the resulting mouse partition coefficient values were found
to compare well with previously measured values for rats and humans and with previous estimates for the mouse. For example, the mouse blood to air partition coefficient of 2002 ± 545 determined in the current study compared well with reported
values in the rat (1850 ± 102) and human (1825 ± 94). In the kinetic study, blood
dioxane concentrations peaked within 1 hr following oral dosing and declined
thereafter. Similarly, HEAA blood concentrations peaked rapidly (0.5 to 2 hrs) and
declined thereafter. A comparison of the blood concentration-time curves (AUCs)
for HEAA suggests linear dioxane metabolism, as illustrated by a proportional increase in the HEAA AUC with increased administered dose. In contrast, evidence
of non-linear dioxane blood concentrations (both Cmax and AUC) were observed
at the lowest dose level, suggesting the presence of a potential low capacity clearance
mechanism that is saturated at higher dose levels. These data, along with companion data on comparative in vitro metabolism will be used to refine the previous
PBPK mouse model for dioxane and improve human health risk assessments based
on both rat and mouse toxicity studies. (Sponsored by the 1,4-Dioxane Risk
Management Consortium)
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SATURATION OF RENAL EXCRETION OF A
CHLORINATED BENZOIC ACID HERBICIDE AS AN
EXAMPLE TO DETERMINE A KINETICALLY BASED MTD

E. Fabian1, E. Leibold1, C. Hastings2 and B. van Ravenzwaay1. 1Experimental
Toxicology and Ecology, BASF AG, Ludwigshafen, Germany and 2Toxicology and
Ecotoxicology, BASF Corporation, Research Triangle Park, NC.
A chlorinated benzoic acid herbicide (CBA) was investigated for potential saturation of renal excretion in rats and this data was subsequently used in the determination of an MTD for a rat cancer study. This CBA herbicide is a weak organic acid
that is rapidly excreted unchanged primarily via the kidneys. Other weak organic
acids, e.g. phenoxyherbicides, are excreted via a saturable active transport system.
Pretreatment of rats with Probenecid, a competitive inhibitor of renal anion transporters, induced an increase of the area under the curve (AUC) and of the plasma
half lives in rats treated with 14C-CBA and therewith confirmed an active transport
mechanism for elimination. Plasma kinetics of the 14C-labeled CBA were investigated in male and female rats to determine the potential for saturation of excretion.
The animals were pretreated by feeding for 29, 63, and 91 days with non-radioactive test material at dose levels of 50, 100, 200, 400 and 800 mg/kg bw/day and
subsequently received single oral doses of 14C-material at the same doses by gavage.
Blood was sampled at various time points up to 48 hours post dosing and the
plasma concentration of radioactivity was determined. Initial plasma levels and
AUC values increased with dose indicating that oral absorption was not saturated.
A non-linear increase in AUC was demonstrated in a dose range of 100 to 200
mg/kg bw in females and around 200 mg/kg bw in males. In addition, at the two
highest dose levels, initial half-lives increased considerably in both sexes. The data
demonstrate a dose dependent saturation of the renal excretion of CBA. The saturation leads to over-proportionate high endogenous doses of the compound, which
in turn can lead to toxicity, which is not observed at lower dose levels where excretion is not saturated. These pharmacokinetic findings were successfully used for the
selection of an MTD for a rat cancer study.
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DISTRIBUTION OF ANTICANCER DRUGS INTO
TUMOURS AN ASSESSMENT USING QUANTITATIVE
WHOLE-BODY AUTORADIOGRAPHY

C. Henson, A. Lathall, H. Bird, A. B. McEwen and S. G. Wood. BioDynamics
Research Limited, Rushden, United Kingdom. Sponsor: R. Harling.
The technique of Quantitative Whole-Body Autoradiography (QWBA) is now
being used to evaluate tissue distribution at earlier stages in the discovery and development of potential new therapeutic agents than has been the case historically.
Use of QWBA in appropriate animal disease models may provide distinct advan-

tages, since pharmacokinetics, metabolism and tissue distribution within these in
vivo models may be markedly different to the situation in the healthy state. We
demonstrate that for oncology studies, the availability of the radiolabelled material
can facilitate the evaluation by QWBA of specific tumour targeting, tumour uptake
and within-tumour distribution of drug-related material.
To study anti-tumourogenic effects of cancer chemotherapeutics it is essential to
use human carcinomas in the in vivo model. Normally the transplantation of
human tissue into mice or rats would result in T-cell mediated acute allograft rejection. However the use of immuno-compromised animals can overcome this initial
reaction. Nude mice are athymic so do not produce T-cells, thus rendering them incapable of rejecting the human graft.
A heterotopic (subcutaneous) inoculation was performed, allowing simple assessment of tumour growth and providing early indications of efficacy through regular
measurements. Subcutaneous implantation reduces the likelihood of metastases
and cachexia associated with orthotopic models; therefore reducing the severity of
the procedure.Nude mice bearing subcutaneous heterotopic LoVo colorectal carcinomas received single intravenous doses of 14C-5-FU at 2-4 µCi and 50 mg/kg.
Concentrations of radioactivity in tumour and whole-blood were determined at 15
minutes, 1, 2, 6 and 24 hours following administration. Tissue/blood ratios were
initially 1.0 after 15 minutes and increased to 7.0 after 24 hours. The apparent halflives for radioactivity in tumour and whole-blood were calculated as 11.5 and 7.9
hours respectively.
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INFLUENCE OF THE ROUTE OF ADMINISTRATION
OF THE ENANTIOMERIC FRACTION OF PCB 136 IN
MALE C57BL/6 MICE

I. Korwel, N. Shaikh, K. C. Hornbuckle, L. W. Robertson and H. Lehmler.
University of Iowa, Iowa City, IA.
Polychlorinated biphenyls (PCBs) are an important class of persistent environmental contaminants and have been implicated in adverse human health effects. Several
PCB congeners are chiral, thus raising the question of differences in the enantioselective disposition and toxicity of these congeners. Recent studies have shown that
intraperitoneal (i.p.) administration of chiral PCBs results in an enrichment of one
PCB enantiomer in the liver of animal models. This study investigates differences
in the enantiomeric fraction (EF) of 2,2’,3,3’,6,6’-hexachlorobiphenyl (PCB136)
after i.p. and oral administration in 7 week old male C57BL/6 mice. Treatment
groups received a single i.p. (corn oil) or oral (Keebler Vanilla Wafer cookie) dose of
PCB136 (50 mg/kg b.w.). Control animals received the respective vehicle alone.
Animals were killed after 3 days, blood was collected by cardiac puncture and the
livers were excised. PCB136 was extracted from blood and tissue samples. PCB136
levels and EFs were determined by GC-ECD using a DB-5 and a Chirasil-Dex column, respectively. PCB136 levels in the livers of animals in the oral treatment
group were one order of magnitude lower compared to the i.p. treatment group
(1490±672 versus 10500±4100 ng PCB136/g wet weight). The same trend was observed in blood samples (123±35 versus 4600±3222 ng PCB136/g wet weight).
Enantiomeric enrichment was observed in liver samples from both treatment
groups, with the oral group having EFs (0.30±0.03) different from both the i.p.
group and racemic PCB136 (0.43±0.03 and 0.50±0.01, respectively). The EF in
blood from the oral treatment group (0.40±0.04) but not in the i.p. treatment
group (0.50±0.01) was different from racemic PCB136. These findings show that
route of administration effect tissue levels and that some of the processes of absorption and disposition of PCB136 are enantioselective, thus distinguishing the routes
of exposure. Changes in EFs may, therefore, be helpful markers in toxicokinetic
studies of chiral environmental contaminants (ES12475).
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DISPOSITION OF 14C-HEXAMETHYLDISILOXANE
(14C-HMDS) IN MALE FISCHER 344 RATS FOLLOWING
SINGLE AND REPEATED INHALATION EXPOSURE

J. Durham, D. McNett, J. Tobin, S. Crofoot and K. Plotzke. Health and
Enviromental Sciences, Dow Corning Corporation, Midland, MI.
The disposition of HMDS in male Fischer 344 rats following single or multiple inhalation exposures was evaluated. Animals were administered a single 6 h nose-only
exposure to 5000 ppm 14C-HMDS or fourteen 6-h nose only exposures to unlabeled HMDS followed on the 15th day by a 6 h exposure to 14C-HMDS.
Subgroups of exposed animals were used to evaluate body burden, distribution, and
elimination. Samples of blood, brain, kidneys, testes, liver, lung and peri-renal fat,
and expired air were also processed for parent analysis. Retention of HMDS following single and repeated exposures was relatively low, ~3.6% and ~3.8% of inhaled HMDS, respectively. Parent was eliminated from blood and tissues at a faster
rate than radioactivity. The majority of the radioactivity (~80%) was eliminated by
24 h post-exposure. Elimination of retained radioactivity in urine was ~52 and
82% for the single and repeated exposures, respectively. Expired volatiles accounted
for ~52% and 35% of the retained radioactivity following the single and repeated

exposures, respectively. Fecal elimination was ~2% for the single and repeated exposures. In tissues (less than 0.2% of the retained radioactivity) the majority of radioactivity, immediately following exposure could be attributed to parent, with this
decreasing over time to a small fraction attributable to parent from 24 to 168 h
post-exposure. Urine analyses demonstrated, several peaks were present, but none
corresponded to the retention time of parent. The ratio of parent AUC in kidney to
parent AUC in blood was ~30-fold higher than the same ratio calculated for liver
tissue. This observation supports other HMDS studies where the alpha 2u-globulin
mechanism has been noted. (This work was supported in part by the Silicones
Environmental, Health and Safety Council of North America)
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METABOLISM AND DOSIMETRY OF VINCLOZOLIN IN
RAT

A. Sierra-Santoyo1, R. Harrison2, B. C. Edwards2, H. A. Barton2 and M. F.
Hughes2. 1Toxicology, CINVESTAV-IPN, Mexico City, D.F., Mexico and 2PKB,
USEPA, ORD, NHEERL and NCCT, Research Triangle Park, NC.
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, M1 and M2 are antiandrogenic by interacting with the androgen receptor. Data on the disposition of
V is limited. Our objective was to study the disposition of V in rat. Adult male LE
rats were administered 100 mg/kg V in corn oil by gavage and were sacrificed over
time after dosing. Blood and tissues were removed and analyzed for V and metabolites after extraction with acetonitrile by HPLC/UV. M1, M2 and four other
metabolites were detected in serum. Two metabolites were identified as 3’,5’dichloro-2,3,4-trihydroxy-2-methylbutylanilide (M4) and N-(2,3,4-trihydroxy-2methyl-1-oxo)-3,5-dicholorophenyl-1-carbamic acid (M5). At 2 h, V serum concentration peaked (16.8 µM); only trace levels were detected at 24 h (t1/2=3.8 h). V
was detected in all tissues but preferentially accumulated in fat (182.8 µg/g). M1
serum levels increased until 8 h (43 µM), were at least 2-fold higher than those of
V, and then declined with a t1/2=3.4 h. M4 was the most abundant metabolite in
serum and tissues except fat. Serum M4 levels were at least 5-fold higher than V levels and 2-fold greater than M1 at all times. At 48 h, M4 was the main metabolite in
serum (t1/2=12.6 h) and was detected in all tissues. Liver and kidney exhibited the
highest levels of M4, V and M1. The two unidentified V metabolites had similar
serum levels to those of V, their t1/2 were 6.9 and 8.9 h and were detected mainly in
liver and kidney. M2 and M3 had the lowest levels of V metabolites in serum and
tissues. In male LE rats, V is well absorbed, is extensively metabolized and widely
distributed. M4, the most abundant V metabolite, may be used as an exposure biomarker for pharmacokinetic modeling. These results may clarify the relationship
between toxicity and tissue dose of V and its metabolites. (Funded in part by NRC
CR 828790. This abstract does not represent USEPA policy).
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COMPARISON OF DERMAL UPTAKE DATA FOR
PHARMACOKINETIC MODEL DEVELOPMENT IN
RATS

R. A. Gies, P. M. Hinderliter, A. D. Woodstock and K. D. Thrall. Biological
Monitoring and Modeling, Pacific Northwest National Laboratory, Richland, WA.
Percutaneous absorption is an occupationally important route of exposure for solvents and other chemicals. Prior dermal studies have shown that while dermal exposures can be a significant contributor to total absorbed dose, predictive methods
do not generally provide an accurate estimate of percutaneous absorption. With the
goal of providing data suitable for pharmacokinetic model development, dermal exposures to both lipophilic and hydrophilic chemicals were conducted in F344 rats.
Uptake was measured via exhaled breath to allow detection of rapid concentration
changes. Exposures were conducted by placing a set amount of test compound, either neat or in an aqueous formulation, into a sealed chamber secured to the back
of the rat for approximately three hours and placing the animal in a gas uptake
chamber. To test sample chamber integrity, the animal was placed back into the gas
uptake chamber for 30 minutes after sacrifice. Exposures were conducted for acetone, ethyl benzene, styrene, methyl ethyl ketone (MEK) and methyl n-butyl ketone (MnBK). Exposures were run with neat test material, in aqueous vehicle, or
both neat and aqueous depending on solubility. All exposures were repeated at least
three times and experiments with leaking test chambers were discarded. The concentration of acetone peaked at approximately 10-20 minutes while styrene and
ethylbenzene were still increasing at the end of the three hour exposures. This data
will allow the addition of a dermal exposure route to existing pharmacokinetic
models for acetone, ethyl benzene, styrene and MEK. Additional exposures (oral,
intraperitoneal and gas uptake) were conducted as the basis for constructing a
model for MnBK.
Supported by Grant Number 2RO1-OH03658-03 from The National Institute for
Occupational Safety and Health (NIOSH).
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DISPOSITION AND EXCRETION OF
TETRABROMOBISPHENOL A BIS[2,3DIBROMOPROPYL ETHER] (TBBPA-DBPE) IN MALE
FISCHER-344 RATS

G. A. Knudsen, R. K. Kuester, V. P. Rodriguez, A. M. Solyom and I. Sipes.
Pharmacology, College of Medicine, The University of Arizona, Tucson, AZ.
TBBPA-DBPE is a brominated flame retardant used in a wide range of polyolefins
and polypropylenes. Although over 1 million lb TBBPA-DBPE is produced yearly,
little information is available regarding its disposition and metabolism. For studies
reported here, the disposition and excretion of 14C-TBBPA-DBPE (20 mg/kg, 50
µCi/kg) was studied in normal, jugular-vein- and bile-cannulated male Fischer-344
(F-344) rats following a single oral bolus or iv dose. Doses were prepared in a
mixture of cremophor/saline/DMSO. In vitro metabolism of 14C-TBBPA-DBPE
was studied using F-344 and Sprague-Dawley rat hepatic microsomes and F-344
hepatocytes. Dosing solutions were prepared in DMSO and incubated at 10-100
µM (0.45-1.9 µCi/mL). Results of oral and iv administration indicate that the
major route of elimination is fecal. Following oral dosing, 89% was excreted by 24
h; 95% by 96 h. Following iv dosing, 3% was excreted by 24 h; 71% by 96 h.
Urinary excretion was <0.2% of the dose. Following iv dosing, 32% of the dose was
in the liver at 36 h; 7.5% at 96 h. 14C-equivalents (as % dose) were also detected in
adipose tissue (2.5%) muscle (2.2%) and skin (1.1%) at 96 h post dose.
Approximately 5% of the dose was detected in bile collected from orally dosed,
bile-cannulated, F-344 rats after 48 h. No metabolites of TBBPA-DBPE have been
detected in in vitro assays that utilized hepatocytes or microsomes. The difference in
the tissue disposition of 14C-TBBPA-DBPE following oral and iv administration
results from poor absorption of TBBPA-DBPE across the gut lumen following oral
exposure. The iv data indicate that most absorbed TBBPA-DBPE would be extracted and stored by the liver and ultimately exported into the bile (most likely as
metabolites). Metabolism of TBBPA-DBPE is minimal and slow, as indicated by
the lack of metabolism in in vitro systems and retention of it by the liver. (This
work was funded by NIEHS, N01-ES-45529.)
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DISPOSITION OF TETRABROMOBISPHENOL A
(TBBPA) IN MALE FISCHER-344 RATS

A. M. Solyom, R. K. Kuester, V. P. Rodriguez, L. Jacobs, C. J. Sweet and I.
Sipes. Pharmacology, College of Medicine, The University of Arizona, Tucson, AZ.
TBBPA is used as a reactive flame retardant in epoxy resin circuit boards, plastics,
papers and textiles. It is of toxicological interest because of high production volume
and potential for human exposures. This study assessed the pharmacokinetics and
disposition of TBBPA in male F-344 rats following iv (20 mg/kg), single oral bolus
(2, 20 or 200 mg/kg), and repeated daily oral (20 mg/kg for 5 and 10 days) administration. Doses were prepared in a mixture of ethanol/cremophor/saline, administered at 2 ml/kg (oral doses) or 1 ml/kg (iv dose) and provided 50 µCi/kg of 14CTBBPA. Following iv administration, 14C-TBBPA disappeared from the blood at a
terminal half life (t1/2) of 82 min and a clearance of 2.44 ml/min. The major route
of elimination was via the biliary/fecal route; 82% of the administered dose eliminated in the feces in 36 h with less than 0.5% in the urine. Following administration of single oral bolus doses of 14C-TBBPA, 90% to 106% was eliminated in the
feces by 72 h, with less than 2% in the urine. At the highest dose the rate of elimination of 14C-TBBPA appeared to be slower. In bile duct cannulated rats, 50% of
an oral dose (20 mg/kg) appeared in the bile by 2 h as TBBPA-glucuronides.
Following repeated oral doses for 5 and 10 d, the radioactivity eliminated in the
feces was 85 and 98%, respectively. Repeated daily dosing did not alter the rate of
excretion of TBBPA in the feces nor did it result in higher tissue concentrations of
TBBPA. No significant accumulation of 14C was found in internal tissues (<0.2%)
after single or repeated oral doses. The results indicate that TBBPA undergoes extensive absorption from the intestinal tract, but is extracted and metabolized by the
liver to glucuronides that are exported into the bile. This highly significant “first
pass effect” greatly reduces systemic exposure. Preliminary data indicate systemic
bioavailability of TBBPA is <10% and enterohepatic circulation is minimal. (This
work was funded by NIEHS, N01-ES-45529.)
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PRELIMINARY TOXICOKINETIC STUDY AND
ANALYTICAL METHOD DEVELOPMENT FOR BETAMYRCENE IN RAT PLASMA

P. J. Schebler1, R. L. Mathias1, Y. A. Shan1, D. C. Messer1, A. B. Astroff1, A. P.
Clark1, R. K. Harris1, J. W. Algaier1, C. S. Smith2 and B. Jayaram2. 1Life Sciences
Division, Midwest Research Institute, Kansas City, MO and 2Environmental
Toxicology Program, NIEHS, Research Triangle Park, NC.
Beta-myrcene is a monoterpene found in the essential oils isolated from the small
tree Xylopia aromatica, lemon grass and other plants. Because of the recent interest
in the use of these essential oils in food products, cosmetics and perfumes, beta-
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myrcene has been selected for toxicological evaluation by the NIEHS,
Environmental Toxicology Program (ETP). An un-optimized analytical method
was developed to support a preliminary toxicokinetic study of beta-myrcene in
F344 rats treated with a single IV dose. The method used gas chromatography with
flame ionization detection (GC/FID). A nine-point spiked matrix (plasma) curve
was prepared at a beta-myrcene concentration range of ~0.06 to ~100 µg/mL in
plasma. Each spiked standard was treated with acetonitrile to precipitate proteins
and extracted with 400 µL of a hexane solution of 1-undecene (internal standard).
An aliquot of the hexane layer was transferred to a GC autosampler vial for analysis. The spiked matrix curve was found to be linear, with a correlation coefficient
≥0.999. The mean percent recovery for the matrix curve was 75.4 ± 2.8 (s)% relative to the corresponding solvent standards. For beta-myrcene in rat plasma, the experimental limit of quantitation (ELOQ) for the un-optimized method was 0.06
µg/mL. Beta-myrcene was not detected in any of the blanks. Following method development, a pilot toxicokinetic study was conducted in five F344 female rats administered a single intravenous injection of beta-myrcene at 40 mg/ml, with plasma
sampled at 5, 15, 30, 60, and 90 minutes post-dose. The plasma concentration was
relatively consistent across all time-points, 0.14 µg/ml, with individual samples
ranging from 0.07 to 0.16 µg/ml.
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TOXICOKINETIC PROFILE OF BATRACYLIN IN
BEAGLE DOGS

L. Jia and J. E. Tomaszewski. DTP/DCTD, National Cancer Institute/NIH,
Rockville, MD. Sponsor: E. Zahalka.
This study aimed at determining toxicokinetics of batracylin (8-aminoisoindolo[1,2-b]quinazolin-12(10H)-one; NSC 320846) in dogs in order to establish
the relation between systemic exposure and toxicity of batracylin. Batracylin was
orally administered to beagle dogs as either a suspension (75% saline and 25%
Tween 80) at 50 and 150 mg/kg or in gelatin capsules at 50, 150 and 300 mg/kg
(0.1, 0.5 and 1 MELD10). A Waters HPLC system equipped with spectrofluorescence detector with excitation wavelength 413 nm and emission wavelength 470
nm was used to quantitatively determine batracylin. Batracylin was eluded from the
HPLC column at flow rate of 2 mL/min with a mobile phase composed of acetonitrile and 5 mM ammonium acetate (25/ 75, v/v; pH 3.5). The resulting plasma
concentration-time data were analyzed by using nonlinear regression analyses of the
PCNONLIN program. Hematology, clinical chemistry, and toxic signs of batracylin were also determined. Lag time in absorption of batracylin ranged from ~11
min (50 mg/kg) to 50-57 min (150 and 300 mg/kg). Batracylin administered at 50,
150 and 300 mg/kg reached its mean Cmax 161, 365, and 3100 ng/mL at Tmax
65, 118 and 120 min, respectively. The absorption t1/2 of batracylin in suspension
(37-60 min) seems longer than in gelatin capsules (28-35 min). The AUC of batracylin of 50, 150 and 300 mg/kg ranged from 20946, 64225 to 526501 ng/mLx
min. The AUC following the 300 mg/kg was about 9-fold greater than that following the 150 mg/kg, probably due to higher plasma concentration and longer elimination t1/2 occurred at 300 mg/kg level. The chromatographic profile of dog
plasma revealed two chemically-unidentified metabolites. The toxic signs observed
included mild to moderate emesis occurred on the dosing day in all dogs. A few
days after dosing, 300 mg/kg of batracylin caused diarrhea, pale mucous membranes, body weight loss and transient changes in clinical pathology in the dogs.
The study indicated dose-plasma concentration-toxicity relationship of batracylin
in dogs.
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EFFECT OF AGE ON TISSUE DISTRIBUTION OF BDE
47 IN MICE

D. Staskal1, J. J. Diliberto2 and L. S. Birnbaum2. 1Curriculum in Toxicology,
UNC- Chapel Hill, Research Triangle Park, NC and 2ORD, NHEERL, ETD,
USEPA, Research Triangle Park, NC.
Despite its minor contribution to global polybrominated diphenyl ether production and usage, 2,2’,4,4’tetrabromodiphenyl ether (BDE 47) is the dominant congener found in most biotic samples in North America. The majority of public
health concern has focused on potential hazardous effects resulting from exposure
to infants and young children because of previous studies reporting adverse developmental effects in rodent studies. This study was designed to investigate the disposition of BDE 47 in young mice reported to be susceptible to the developmental
neurotoxic effects of BDE 47. Infantile C57BL/6 mice pups were administered a
single, oral 1.0 mg/kg dose of [14C]BDE 47 on postnatal day 10; tissue distribution
was monitored 3, 8, 24 hours, 5, and 10 days following administration. Analyses of
the carcass for total radioactivity were used as an indirect measure of excretion. The
results show that the toxicokinetics of BDE 47 are different in developing mice
than in adult mice. While patterns of tissue distribution were similar, concentrations of BDE 47 were consistently higher in pups. BDE 47 was found at the highest concentrations in lipophilic tissues (adipose, liver, and skin) 1-5 days following

exposure. Brain concentrations were of particular interest; ten days following a single exposure, pups had an average concentration of 58 ng/g versus 4 ng/g in adults.
The higher tissue concentrations in pups were likely due to a reduced capacity to
eliminate BDE 47. In adults, only 6% of the dose remained in the carcass after ten
days versus 34% in the pups. These differences lead to higher concentrations of
BDE 47 at target tissues during critical windows of development, which may ultimately explain the sensitivity of developing systems to the adverse effects BDE 47.
This abstract does not reflect EPA policy. Work partially funded by EPA DESE CT
826513.
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ESTIMATING CONSTANTS FOR METABOLISM OF
ATRAZINE IN PRIMARY RAT HEPATOCYTES BY
KINETIC MODELING

T. S. McMullin1, 3, W. H. Hanneman1, B. Cranmer1, J. D. Tessari1 and M. E.
Andersen2. 1Environmental and Radiological Health Sciences, Colorado State
University, Fort Collins, Co., 2CIIT, Centers for Health Research, Research Triangle
Park, NC and 3Toxicology and Environmental Research and Consulting, The Dow
Chemical Company, Midland, MI.
Atrazine (ATRA), a widely used chlorotriazine (Cl-TRI) herbicide, is metabolized
by cytochrome P450 mediated oxidative metabolism to the chlorinated metabolites, 2-chloro-4-ethylamino-6-amino-1, 3, 5 triazine (ETHYL), 2-chloro-4-amino6-isopropylamino-1, 3, 5-triazine (ISO), and diaminochlorotriazine (DACT). The
goal of this study was to estimate the kinetic constants for oxidative metabolism of
ATRA and the Cl-TRI metabolites using primary rat hepatocytes. Hepatocytes
were incubated with 1.74, 44, 98, and 266 µM ATRA and the three Cl-TRI
metabolites were followed over 90 minutes using GC/MS. At all incubation concentrations, ATRA was preferentially metabolized to ETHYL, producing ETHYL
concentrations approximately 6 times higher than ISO. DACT concentrations
peaked at 44µM ATRA and decreased with increasing incubation concentrations,
indicating a non-linear metabolic behavior of ATRA with respect to DACT formation. A series of kinetic models were developed to describe the dose and time-dependent oxidative metabolism of ATRA and the Cl-TRI metabolites. In the models, the maximal metabolic rate (Vmax) of ATRA metabolism to ETHYL and ISO
and the binding affinity for ATRA (KM) were 1.6µM/min and 30µM, respectively.
The final model included multi-substrate competitive inhibition of metabolism
and predicted the non-linear behavior of DACT formation while simultaneously
simulating the time-course behavior of the Cl-TRIs at all four concentrations. The
parameters from these in vitro analyses can now be integrated into a physiological
kinetic model to predict net Cl-TRI tissue dose after in vivo exposure to ATRA.
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METABOLISM AND KINETICS OF 3-(4METHYLBENZYLIDENE)CAMPHOR IN THE RAT:
IMPACT OF THE ROUTE OF EXPOSURE

T. H. Broschard1, U. Schauer2, A. Heusener1, G. Ziegler1, W. Dekant2, F. von
Landenberg1 and P. Kramer1. 1Institute of Toxicology, Merck KGaA, Darmstadt,
Germany and 2Institut fuer Toxikologie, Universitaet Wüerzburg, Wüerzburg,
Germany.
3-(4-Methylbenzylidene)camphor (4-MBC) is an UV filter frequently used in sunscreen products up to 4%. In this study, we investigated the metabolism and kinetics of 4-MBC in rats after single dermal application since this is the relevant route
of exposure for UV filters. Test material formulations containing either 4 or 20 %
4-MBC were applied to the shaved back of each of 6 rats (3 male, 3 female) for 24
hours under occlusive conditions resulting in dermal doses of 400 and 2000 mg/kg
bw, respectively. Blood samples were collected at predefined intervals up to 96
hours, plasma was analyzed for the presence of 4-MBC and its metabolites using
LC/MS-MS, and respective Cmax and AUC values were calculated. After topical
treatment, rats were systemically exposed to 4-MBC and 2 major metabolites, i.e.
3-(4-carboxybenzylidene)-6-hydroxycamphor (MII) and 3-(4-carboxybenzylidene)camphor (MIII). The plasma concentrations of 4-MBC peaked at approx.
1,200 pmol/mL (high dose) and 200 pmol/mL (low dose). In general, the Cmax
concentrations of MIII were much higher than those of 4-MBC and reached up to
54,000 pmol/mL (females, high dose group). The Cmax values of MII were either
higher (males) or comparable (females) to those of 4-MBC. The pattern of 4-MBC
metabolites observed in this study in rats was comparable to the situation in humans where the same metabolites were identified after topical treatment of volunteers with a 4-MBC-containing sunscreen (Schauer et al., 2005). In contrast, after
oral administration, only trace amounts of the parent compound were present in
blood and only MIII was observed as the major metabolite. This study suggests that
topical, but not oral treatment of rats with 4-MBC produces an exposure and
metabolite profile that resembles human exposure after dermal administration.
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PHARMACOKINETICS AND BIODISTRIBUTION OF A
PHOSPHORODIAMIDATE MORPHOLINO OLIGOMER
CONJUGATED TO AN ARGININE-RICH PEPTIDE

A. Amantana, H. M. Moulton, M. L. Cate, M. T. Reddy, T. Whitehead, J. N.
Hassinger, D. D. Weller and P. L. Iversen. Toxicology, AVIBioPharma, Inc.,
Corvallis, OR.
Phosphorodiamidate morpholino oligomers (PMOs) are neutral antisense molecules that bind to complementary RNA sequences and suppress gene expression by
blocking translation or interfering with pre-mRNA splicing. PMOs do not readily
enter cultured mammalian cells. However, delivery of these compounds to cells in
culture is enhanced through their conjugation to arginine-rich peptides (ARPs).
Understanding the pharmacokinetic, biodistribution and safety profiles of ARPPMO conjugates is vital to the successful clinical application of this delivery
method. To date there are no reports on the pharmacokinetics and biodistribution
of ARP-PMO conjugates. We investigated the effect of an ARP, (RXR)4XB on the
kinetic behavior of a PMO targeted to the human c-myc gene RNA following intravenous injection. Plasma, tissue and urinary PMO concentrations were determined by HPLC. Plasma data was fitted to a two compartment open model for
pharmacokinetic evaluation. Following a single-dose administration, the
(RXR)4XB-PMO conjugate (PPMO) demonstrated non-linear, dose-dependent
kinetics with rapid elimination from plasma to tissues (terminal half-life 0.54 -1.42
h) and extensive biodistribution well beyond the vascular system (Vdss 1.10 -1.52
liter/kg). Like the non-conjugated PMO, urinary elimination of PPMO following
single-dose injection was slow with less than 10% recovery over a 24 h period.
Renal elimination of PPMO was 3-fold less compared to the PMO at equivalent
dose. The PPMO was widely distributed and like the non-conjugated PMO, the
kidney and liver were the primary sites of accumulation with minimal concentrations occurring in heart and brain. However, tissue PPMO concentration was significantly greater (P≤ 0.05) compared to the non-conjugated PMO at equivalent
dose. These findings demonstrate altered pharmacokinetics following (RXR)4XB
conjugation with enhanced tissue accumulation. Therefore, the emerging data
strongly supports the potential use of ARP conjugates as delivery agents for PMOs
in vivo.
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METABOLITE PROFILING OF 14C-RDX IN MINIATURE
PIGS

G. Reddy. Health Effects Research Program, US Army Center for Health Promotion
and Preventive Medicine, Aberdeen Proving Ground, MD.
Cyclotrimethylenetrinitramine (RDX) has been used extensively as an explosive.
Prior to this study no data were available on the metabolism of RDX in animals.
Metabolism of 14C-RDX was studied in male and female miniature pigs after a
one-time gavage with 41 to 44 mg/kg, (0.8 to 0.9 mCi/animal) in an aqueous suspension of 0.1% carboxymethyl cellulose. Metabolic profiles and identification of
14C-RDX-derived radioactivity in plasma, liver and urine were performed utilizing
HPLC radio-scanning and LC/MS/MS analysis. Analytical standards were available
for all proposed metabolites. Two HPLC columns with differing elution profiles
were used for separation, quantification and tentative identification. Identifications
were confirmed using LC/MS/MS. Two metabolites were isolated and identified as
4-nitro-2, 4-diazabutanal and a novel metabolite, 4-nitro- 2-4 diaza-butanamide.
Analysis also revealed trace levels of 1-nitroso-3,5-dinitro-1,3,5-triazacyclohexane
(MNX), 1,3-dintroso-5-nitro-1,3,5-triazacyclohexane (DNX) and 1,3,5-trinitroso1,3,5-triazacyclohexane (TNX) in plasma and showed trace levels of MNX and
DNX in urine. No metabolites were detected in the liver samples. Thus RDX was
metabolized primarily by a method that accomplished both denitration and oxidative cleavage of the ring structure of this compound to form butanal and butanamide metabolites.
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A TWO-PARADIGM STUDY OF ORAL GAVAGE VS. DIET
DOSING ON PHARMACOKINETICS (PK) AND
PHARMACODYNAMICS (PD) OF A NON-STEROIDAL
ANTI-INFLAMMATORY DRUG, SULINDAC

R. Krishnaraj1, A. Lyubimov1, T. Martin-Jimenez2 and I. M. Kapetanovic3.
1
Toxicology Research Laboratory, Department of Pharmacology, University of Illinois
at Chicago, Chicago, IL, 2Toxicology Research LAB., University of Illinois at Chiacgo,
Chicago, IL, 3Department of Veterinary Biosciences, University of Illinois urbanaChampaign, Urbana, IL and 4Division of Cancer Prevention, National Cancer
Institute, Bethesda, MD.
In cancer chemopreventive studies, test agents are typically administered via dietary
dosing (DD) while the preclinical safety studies use oral gavage dosing (GD).
Correspondence in PK/PD profiles between DD and GD can not be assumed a
priori. A 14-day PK/PD study was done to compare the two dosing paradigms (GD
vs. DD) of Sulindac, a potential cancer chemopreventive agent, in female rats. We
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examined plasma and tissue levels of Sulindac as well as its effect on a biomarker of
exposure, decrease in Prostaglandin E2 (PGE2) levels, in a target tissue (mammary
gland) on day 15. Doses were 8 and 20 mg/kg/day (GD) and 80 and 200 ppm
(DD). The area under the drug concentration-time curve (AUC0-24) for Sulindac
was ~5-fold lower for plasma and mammary gland following DD, suggesting a
higher bioavailability by GD. Dietary Sulindac resulted in less variable plasma
Sulindac levels throughout the 24 hour period compared to GD. The AUC0-24 of
Sulindac in plasma and mammary gland increased with dose. PGE2 levels and
PGE2 AUC0-24 were dose-dependent and lower after GD than DD. Lowest PGE2
levels were seen during the times of highest mammary gland Sulindac levels.
Systemic exposure of Sulindac sulfone, a metabolite, in mammary gland was inversely related to PGE2 levels (R2 = 0.95). Therefore, PK and PD effects, their magnitudes and pharmacological and/or toxicological importance need to be considered in comparing data between gavage and diet treatments (Supported by a
research contract No. N01-CN-25134 from National Cancer Institute).

urine. In a pilot study to examine human serum elimination, 9 samples were collected over 152 days in 1 production employee with occupational exposure to
K+PFBS. Exposure was avoided during the study. Initial serum [PFBS] was 945
ng/mL. End-of-study [PFBS] was 7.5 ng/mL. Serum [PFBS] versus time data was
best fit to a second-order model, with elimination of 11.6 days and 39.4 days, respectively. Comparable elimination rates were observed among six additional employees (5 male, 1 female) with exposure to PFBS. Urinary excretion of PFBS was
evident.
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3-(4-Methylbenzylidene)camphor (4-MBC) is used as UV-filter in sunscreens in
concentrations up to 4%, therefore dermal application is the relevant exposure
pathway of 4-MBC in humans. 4-MBC has a low affinity to estrogen receptors α
and β with a preference to estrogen receptor β. To characterize potential human
risks after dermal application of 4-MBC, information on the kinetics of 4-MBC
after dermal application is required. This publication reports the characterization of
the kinetics of 4-MBC in human subjects after dermal application. A sunscreen formulation containing 4% 4-MBC was applied to approximately 90% of the surface
of the skin of 3 male and 3 female human subjects. The resulting dermal dose was
20 mg/kg b.w. 4-MBC. Concentrations of 4-MBC and its metabolites were monitored over 96 h in plasma and urine. The study was carried out according to the
Declaration of Helsinki, after approval by the Ethical Committee of the University
of Wuerzburg, and after written informed consent. Urine and blood concentrations
were collected in predefined intervals and 4-MBC and its metabolites were quantified by LC/MS-MS. 3-(4-carboxybenzylidene)-6-hydroxycamphor and 3-(4-carboxybenzylidene)camphor were identified as metabolites of 4-MBC present in
blood and urine. Blood levels of 4-MBC peaked at 200 pmol/mL in males and 100
pmol/mL in females 6 hours after application and then decreased to reach the limit
of detection after 24 h (females) resp. 36 h (males). In blood, both 3-(4-carboxybenzylidene)-6-hydroxycamphor and 3-(4-carboxybenzylidene)camphor were detected as metabolites with peak concentrations of 50 – 80 pmol/mL [3-(4-carboxybenzylidene)-6-hydroxycamphor]
and
100
–
200
pmol/mL
[3-(4-carboxybenzylidene)camphor] reached 12 h after dermal application of 4MBC. Only a small percentage of the dermally applied dose of 4-MBC was recovered as 3-(4-carboxybenzylidene)-6-hydroxycamphor and 3-(4-carboxybenzylidene)camphor in urine, partly as glucuronides. The obtained results suggest a poor
absorption of 4-MBC through human skin.

IN VIVO PHARMACOKINETIC/PHARMACODYNAMICS
OF BACKBONE MODIFIED 2’-MOE ANTISENSE
OLIGONUCLEOTIDES (ASO) IN RODENTS

R. S. Geary, A. Siwkowski, J. Matson, T. Watanabe, S. P. Henry and A. A.
Levin. ISIS Pharmaceuticals, Inc., Carlsbad, CA.
Scope: The pharmacokinetics and in vivo activity of ASOs targeting PTEN were
characterized in mice and rats. All of the ASOs had the same nucleotide sequence
and differed only by selected replacement of phosphorothioate with phosphodiester
linkages (i.e., mixed backbone).
Methods: Doses of 5 to 30 mg/kg (i.p. or s.c.) were administered twice per week for
2 and 4 weeks in mice and rats, respectively. Biodistribution and metabolism of the
modified oligonucleotides were quantifed using capillary gel electrophoresis (CGEUV). Quantitative RT-PCR was used to measure PTEN mRNA in liver, kidney,
and fat tissues. Plasma protein binding of the oligonucleotides was conducted using
an ultrafiltration method.
Results: Partial backbone modification in the 2’-MOE portions of the oligonucleotides did not reduce the metabolic stability of the oligonucleotide. Distribution
of the partially modified ASO shifted somewhat more to kidney in rat but not
mouse, with liver concentrations being somewhat reduced in both rodent species.
This shift in distribution was shown to correlate with a decrease in plasma protein
binding. Importantly, selected phosphodiester substitutions resulted in equivalent
or better antisense activity in liver and fat even though total concentrations of drug
was somewhat reduced in these tissues. In contrast, placement of only one phosphodiester in the –deoxy portion of the oligonucleotide significantly reduced stability and activity in liver and fat. Also, complete replacement of phosphorothioate
in the 2’-MOE portion of the ASO significantly increased the metabolism of the
compound in tissue and resulted in a concomitant loss of antisense activity.
Conclusions: Selected phosphodiester backbone modifications reduced plasma protein binding of the ASO and shifted biodistribution away from liver and fat in direct proportion to the number of linkages altered. Phosphodiester modifications
can be used sparingly without adversely altering biodistribution or activity and may
result in improved antisense activity in vivo
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THE PHARMACOKINETICS OF
PERFLUOROOBUTANESULFONATE (PFBS) IN
MONKEYS AND HUMANS

G. Olsen1, P. Lieder1, P. Noker2, G. Gorman2 and J. Butenhoff1. 13M Company,
St. Paul, MN and 2Southern Research Institute, Birmingham, AL.
Pefluorobutanesulfonate (PFBS) is a surfactant and potential degradation product
of certain perfluorobutanesulfonyl fluoride based chemistries. The elimination
pharmacokinetics of PFBS were investigated in cynomolgus monkeys (3 per sex)
and in humans. Monkeys were given a single IV bolus dose of 10 mg K+PFBS/kg.
Blood samples were collected pre-dose and post-dose at 2, 4, 8, 24 and 48 hours,
and on Days 4, 7, 11, 14 and 31. Urine was collected for 24-hour intervals prior to
dose (Day -1) and post-dose (Day 0, 7 and 14). Serum [PFBS] ranged from 19,628
to 61,740 ng/mL at 2 hours post-dose, from 463 to 8,172 ng/mL at 48 hours postdose, and was not detectable by Day 31. Serum [PFBS] versus time were fit to a
three-compartment model. The mean ± SD, α, β, and γ serum elimination phases
were 0.04 ± 0.02, 0.55 ± 0.21, and 4.0 ± 1.9 days for males and 0.06 ± 0.01, 0.47
± 0.18, and 3.5 ± 3.1 days for females. The mean AUC calculated was 24,258 or
35,401 ng.day/mL in male and female monkeys, respectively. Total body clearance
of PFBS was 511 mL/day/kg in males and 368 mL/day/kg in females. The mean
volume of distribution at steady state was 254 ± 31.5 or 255 ± 29.5 mL/kg in male
and female monkeys, respectively. Within 24 hours of dosing, 34% to 87% of the
dose was recovered in urine of 5 of 6 monkeys. In the 6th animal, <1% of the dose
was recovered in the urine, likely due to loss or spillage, because the serum [PFBS]
indicated proper dosage. By Day 14, monkeys excreted <0.01% of the dose in the
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PHARMACOKINETICS OF 3-(4METHYLBENZYLIDENE)CAMPHOR IN HUMAN
SUBJECTS

U. M. Schauer1, T. H. Broschard2 and W. Dekant1. 1Department of Toxicology,
University of Wüerzburg, Wüerzburg, Germany and 2Department of Toxicology,
Merck KGaA, Darmstadt, Germany.
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TOXICOKINETICS OF CKD-501 AFTER 13-WEEK ORAL
ADMINISTRATION IN RATS

J. Lee1, J. Ha1, J. Hong1, H. Lim1, Q. Jin1, J. Shin2, I. Hwang2, H. Lee2, S.
Ahn2, C. Kim1 and E. Jeong1. 1Pharmacokinetics and Toxicokinetics, Korea Institute
of Toxicology, Daejeon, South Korea and 2Chong Kun Dang Pharmacology, Seoul,
South Korea. Sponsor: W. Koh.
Purpose: This study evaluated the toxicokinetics of CKD-501 when administrated
daily via oral gavage at dose levels of 0, 0.1, 1, or 10 mg/kg/day to rats for 13 weeks.
Method: Blood samples were collected from the tail vein at 0, 0.5, 1, 2, 3, 4, 8, and
24 hours post dose on day 1 and week 90 into tubes containing sodium heparin
and analyzed with LC/MS/MS.Noncompartmental analysis was applied to the
mean plasma CKD-501 concentration data in male and females. Toxicokinetic
analysis included Cmax, Tmax and AUC(0-24).
Results: The mean concentration-time curves for males and females show that exposure to CKD-501 increased with the increase in the dose level. The mean concentrations of CKD-501 in plasma at 0.1, 1, and 10 mg/kg/day dose level were
generally higher than on week 13 than on day 1. CKD-501 readily appeared in
plasma with Tmax values ranging from 1~3 hours on day 1 and 1~3 hours on week
13. The elimination half-life on day 1 was 1.2~1.6 hours in male and 2.7~5.3 hours
in female. The elimination half-life on day 90 was 1.8~3.1 hours in male and
3.7~7.2 hours in female.The increases in AUC(0-24) were consistently proportional to the increases in the dose. On day 1, AUC(0-24) increased 1:23:153 in
males and 1:13:67 in females for 1:10:100 fold increased in the dose. On week 13,
AUC(0-24) increased 1:6:49 in males and 1:10:81 in females for 1:10:100 fold increased in the dose.
Conclusions:CKD-501 was absorbed and the rats were systemically exposed.There
was a dose proportional increase in AUC(0-24) values for both male and female
rats. There was no accumulation after 13-weeks administration for both male and
female rats. The Cmax and AUC(0-24) values were slightly higher in female than
males on both day 1 and week 13.
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SAFETY OF INTRATHECAL GABAPENTIN FOR
INJECTION IN RATS AND SHEEP

J. Allen1, L. Page1, G. Stewart1, T. Gradert2, S. Hassenbusch2, B. Satterfield2,
W. Baze2 and K. Hildebrand1. 1Neurological, Medtronic, Minneapolis, MN and
2
MD Anderson Cancer Center, University of Texas, Houston, TX.
Gabapentin is an anticonvulsant with efficacy in a variety of neuropathic pain
states. It acts by binding to the α2δ subunit of voltage-gated P/Q-type calcium
channels. Bioavailability of gabapentin into the CNS is limited due to the saturable
BBB L-type amino acid transporter. Animal studies have demonstrated enhanced
analgesic efficacy of gabapentin when given intrathecally. This study was designed
to examine the safety of intrathecal (IT) gabapentin infusions in rats and sheep.
Crl:CD(SD)IGS BR rats (5/sex/dose) were implanted with an IT catheter and received 0.10, 0.25, 2.25, or 4.8 mg gabapentin/d for 28 days. Controls (8/sex) received the vehicle, sterile water. During the IT infusions, no clinically significant effects were noted. At necropsy, no anatomical or clinical pathology related to
gabapentin was found. Mixed-breed sheep were then implanted with a
SynchroMed® Infusion System consisting of an IT catheter and an implantable
programmable pump. Sheep (3/sex/dose) received 0, 20, 60 or 154 mg
gabapentin/d for approximately 114 days. Gabapentin (80 mg/ml) infusion rates
were 0.25, 0.75 or 1.92 ml/d. CSF and plasma levels of gabapentin were obtained
at necropsy. Two sheep from the 154 mg/d group were excluded due to improper
catheter placement. No adverse clinical signs were noted that appeared related to
gabapentin infusion. At the highest dose, 154 mg/d, histopathological evidence of
necrosis, vacuolization and gliosis was found in the area of the catheter tip in 4/4
animals. With this data, 60 mg/d at 0.75 ml/d was assigned as the intrathecal
NOAEL in sheep. CSF and plasma levels of gabapentin increased linearly in a dosedependent manner. At 60 mg/d, lumbar CSF, cisternal CSF, and plasma gabapentin
levels were 548, 76 and 0.26 mcg/ml respectively. Gabapentin was well tolerated as
a chronic IT infusion in rats and sheep. No adverse effects were noted except in
sheep at the highest dose evaluated. Gabapentin for injection is currently being
evaluated intrathecally in a Phase I clinical trial.

607

NEUROTOXICITY OF SOME ANTICONVULSANT N,N’SUBSTITUTED SPIROHYDANTOINS

R. A. Stephani, H. J. Patel and J. D. Sarra. Pharmaceutical Sciences, St. John’s
University, Jamaica, NY.
Ralph A. Stephani, Hardik Patel and Joseph Sarra. Pharmaceutical Sciences
Department, College of Pharmacy and Allied Health Professions, St. John’s
University, Jamaica, NY 11439. A series of N,N’-disubstituted-spiro-phthalidyl hydantoins were prepared by reaction of the corresponding N,N’-disubstituted ureas
with ninhydrin, followed by treatment with aqueous sodium periodate oxidation.
The spirohydantoins exhibited anticonvusant activitites in both the maximal electro shock (MES) and pentylene tetrazole (PTZ) tests. While N-aryl substituted hydantoins showed appreciable anticonvulsant activities (ED50 17->1000mg/kg)in
PTZ assay and (78->1000mg/kg) in the MES test, virtually all exhibited little or no
toxicity in the righting reflex test. In the rotorod test, compounds bearing small
alkyl (methyl, ethyl and propyl) N-substituents were less neurotoxic than N-aryl
substituted ones. Compounds bearing fluorophenyl and trifluorophenyl substituted were most neurotoxic (rotarod)attributed to their increased lipohilicity and
permability of BBB. This phenomenon was also evidenced, to a lesser extent, by
those bearing alkyl groups on nitrogens.
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A TWO-WEEK REPEAT DOSE TOXICOLOGY STUDY IN
RATS WITH A ONE WEEK RECOVERY PERIOD WITH
RECOMBINANT RAT NEUBLASTIN

D. R. Demady1, D. Hutto3, A. Rossomando2, K. Zokowski1, C. Hurst1, J.
Clarke1 and K. Rao4. 1Pharmacotoxicology, Biogen Idec Inc., Cambridge, MA,
2
Protein Chemistry, Biogen Idec Inc., Cambridge, MA, 3Veterinary and Comparative
Pathology, Biogen Idec Inc., Cambridge, MA and 4Toxicology, Quintiles Inc., Kansas
City, MO.
Neublastin is a neurotrophic factor that has been shown to be active in various
models of neuropathic pain. A recombinant form of rat Neublastin was administered three times per week for 15 days by subcutaneous or intravenous injection to
male Sprague Dawley rats at 1 (subcutaneous), 5 (subcutaneous and intravenous),
or 25 (subcutaneous) mg/kg. Findings of note were increased mean absolute and
relative spleen weights in the main study and recovery test-article-treated groups
compared to control animals. Chronic active inflammation in the subcutaneous tissue at the site of injection was present in both the main study and recovery 5- and
25-mg/kg groups receiving SC administration. Lymphoid hyperplasia within the
spleen was present in both the main study and recovery groups at 1 and 5 mg/kg
but not 25-mg/kg. Treatment with Neublastin did not alter the immunohistochemical parameters used to determine biological response to Neublastin at any of

the doses administered. Toxicokinetic samples were analyzed for Neublastin and
confirmed exposure to drug in the blood. The IV arm yielded the highest serum
levels of Neublastin. Based on the in-life results, the test article was well tolerated.
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HISTAMINERGIC H1 BLOCKADE AS A POTENTIAL
SOURCE OF THERAPEUTIC OR ADVERSE EFFECTS OF
THE ANTIPSYCHOTIC DRUG CLOZAPINE: STUDIES
WITH THE H1 ANTAGONIST PYRILAMINE
C. Roegge, X. Hao, C. Perraut and E. D. Levin. Department of Psychiatry and
Behavioral Sciences, Duke University Medical Center, Durham, NC.
Histamine H1 blockade is one of the more prominent actions of the multi-receptor
acting antipsychotic clozapine. It is not currently known precisely which clozapine
actions are necessary for its therapeutic effects and which underlay its adverse side
effects. The current studies were conducted in Sprague-Dawley rats to determine
the participation of histaminergic H1 receptor subtype in functions affected by
clozapine: sensory pre-pulse inhibition (PPI) and working memory function. PPI
of tactile startle with an auditory prepulse was found in our earlier work to be significantly impaired by the glutamate antagonist dizocilpine (MK-801), an effect
significantly attenuated by clozapine. In the current project, we found that the selective H1 antagonist pyrilamine caused a significant impairment in PPI but did
not show any reversal of the dizocilpine-induced impairment. Working memory in
the radial-arm maze (RAM) was seen in our earlier studies to be significantly impaired by clozapine. In the current study, we found that in a similar fashion, the H1
antagonist pyrilamine impaired working memory impairment in the RAM. Also
like clozapine, pyrilamine caused a significant dose-related slowing of response in
the RAM. In our earlier study, we found that nicotine would effectively attenuate
clozapine-induced working memory impairments. However, in the current study,
we did not find nicotine to significantly reverse the H1 blockade-induced impairment. The current studies show that the therapeutic effect of clozapine in reversing
PPI impairment was not mimicked by the H1 antagonist pyrilamine, but that the
adverse effect of cognitive impairment of clozapine was mimicked by the selective
H1 antagonist. Possibly newer antipsychotic drugs without H1 antagonism may
provide better therapeutic effects with fewer side effects.
(Research Support by NIMH grant MH64494 and a grant from the Wallace
Research Foundation)
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A 13 WEEK ORAL TOXICITY STUDY OF NALTREXONE
HYDROCHLORIDE IN THE CYNOMOLGUS MONKEY
WITH A 4-WEEK RECOVERY PERIOD
S. M. McPherson2, J. C. Tigner1, H. Ibrahim1, J. Jolette2, A. Keyhani2 and R.
Bouchard2. 1Purdue Pharma, Ardsley, NY and 2Toxicology, Charles River Laboratories
Preclinical Montréal, Senneville, QC, Canada.
ABSTRACT: Naltrexone hydrochloride was administered by oral gavage to
cynomolgus monkeys once daily at dose levels of 0 (0.25% aqueous CMC vehicle),
5, 30, or 150 mg/kg/day of the base moiety in vehicle for 13 consecutive weeks followed by a 4-week recovery period for selected animals. Drug-related clinical signs
included salivation following dosing for animals from all treated groups, with the
incidence being highest for those receiving 150 mg/kg/day. In addition, during the
first week of dosing only, tremors were observed in one male at 150 mg/kg/day
within the first hour of dosing (more pronounced and dose-response related CNS
findings, including tremors and convulsions, were seen at higher doses in
range–finding work). A slight prolongation of APTT was observed during weeks 4
and 13 at 150 mg/kg/day when compared with concurrent control or pre-treatment values; however, there were no drug-related changes in any other hematological parameter. APTT returned to control values after 4 weeks of recovery. On the
first day of dosing only, a transient but statistically significant decrease in group
mean body temperature was found in animals at 150 mg/kg/day. This finding was
apparent for up to 2 hours in males and one hour in females. There were no effects
on ECG waveforms or QTc intervals. There were no drug-related effects on body
weight; body weight gain, food consumption, blood pressure, ophthalmology,
serum chemistry, urinalysis, organ weights, gross pathology or histopathology.
Exposure (as assessed by Cmax and/or AUC0-last) was greater for 6β-naltrexol than
the parent naltrexone.
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FERTILITY AND EARLY EMBRYONIC DEVELOPMENT
STUDY IN SPRAGUE-DAWLEY RATS WITH
NALTREXONE HYDROCHLORIDE
K. W. Hew1, J. C. Tigner1, L. Pouliot2 and K. Robinson2. 1Purdue Pharma,
Ardsley, NY and 2Toxicology, Charles River Laboratories Preclinical Montréal,
Senneville, QC, Canada.
ABSTRACT: Naltrexone hydrochloride is an opioid antagonist used in the treatment of opioid overdose. A fertility and early embryonic development study designed to meet the International Conference on Harmonization (ICH) guidelines
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was conducted in the rat. Sprague Dawley, (Crl: CD®[SD]IGS BR), rats were
dosed once daily by oral gavage at a dose of 0, 10, 50 or 300 mg naltrexone/kg/day
at 10 mL/kg. The vehicle control was aqueous 0.25% (w/v) carboxymethylcellulose. Females were dosed for 14 days before cohabitation, during cohabitation and
until gestation day (GD) 6; and necropsied on GD 13 to examine the reproductive
tract. Estrous cycles were monitored daily by vaginal lavage during the pre-mating
period. Males were dosed 28 days before cohabitation, during cohabitation and
until necropsy at 2-3 weeks post-mating. Reproductive organ weights were
recorded and sperm parameters (motility, count and morphology) were examined
at necropsy. There were 1) dose-related clinical signs of salivation and fur staining at
≥ 50 mg/kg/day; 2) lower food consumption at 300 mg/kg/day during the first
week of dosing, resulting in lower body weight gain or body weight loss during the
same interval, and lower body weight for males throughout the study; food consumption and body weight gains for compound-treated animals were comparable
to or higher than control values beginning from Week 2; and 3) dose-related increases in number of females with prolonged diestrus at ≥ 50 mg/kg/day without
affecting fertility in these animals. There were no other treatment-related effects on
reproductive parameters. The no-observed effect level (NOEL) for naltrexone in F0
rats exposed during the pre–mating, mating and early gestation period is 10
mg/kg/day. The NOEL for naltrexone on the F0 fertility and F1 embryo viability is
300 mg/kg/day.
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EMBRYO-FETAL DEVELOPMENT STUDY IN SPRAGUEDAWLEY RATS WITH NALTREXONE
HYDROCHLORIDE

L. Pouliot1, K. W. Hew2, J. C. Tigner2, A. Keyhani1, K. Robinson1, X. P. Fang2
and D. WU2. 1Toxicology, Charles River Laboratories Preclinical Montréal,
Senneville, QC, Canada and 2Purdue Pharma, Ardsley, NY.
ABSTRACT: Naltrexone hydrochloride is an opioid antagonist used in the treatment of opioid overdose. An embryo-fetal development study designed to meet the
International Conference on Harmonization (ICH) guidelines was conducted in
the rat. Sprague Dawley, (Crl: CD®[SD]IGS BR), pregnant rats were dosed once
daily on gestation days (GD) 6−17 (main study subset) or GD 6−20 (toxicokinetic
subset) by oral gavage at a dose of 0, 25, 125 or 750 mg naltrexone/kg/day at 10
mL/kg. The vehicle control was aqueous 0.25% (w/v) carboxymethylcellulose. A
cesarean-section examination was performed on GD 21 and the fetuses were
weighed, sexed and examined for external, visceral and skeletal abnormalities.
Blood samples for toxicokinetic evaluation were collected from satellite dams on
GDs 6 and 17, and from fetuses on GD 20. There were 1) three females found dead
or euthanized moribund (GD 6−10) at 750 mg/kg/day, these and several surviving
animals at 750 mg/kg/day had severe clinical signs including tremors, convulsion,
prostration; post dose sign of salivation at ≥ 125 mg/kg/day; 2) dose-related decreases in food consumption at ≥ 125 mg/kg/day on GD 6 12, resulting in dose-related decreases in body weight gain or body weight loss at ≥ 125 mg/kg/day on GD
6−9; higher weight gains were noted in naltrexone-treated animals following cessation of dosing; and 3) two dams at 750 mg/kg/day had total resorption due to early
embryonic deaths. There were no effects on the fetuses. There was no apparent accumulation of naltrexone or 6β−naltrexol on GD 6−17. On GD−20, the Cmax
value for naltrexone or 6β−naltrexol in fetuses was similar to the corresponding
value in dams on GD 17. The maternal no-observed effect level (NOEL) for naltrexone in rats is 25 mg/kg/day and the embryo-fetal development NOEL in rats is
125 mg/kg/day.
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THE NONCLINICAL SAFETY PROFILE OF THE
NEURONAL NITRIC OXIDE SYNTHASE (nNOS)
INHIBITOR, CP-695,516, SUPPORTED CLINICAL
DEVELOPMENT FOR ACUTE STROKE

B. A. Pettersen, J. M. Marcek, A. Jacobitz, K. Borg, D. J. Brees, R. B. Nelson,
E. Callegari and C. E. Gavin. Pfizer Global Research & Development, Groton, CT.
CP-695,516, 6-{5-ethyl-2-methoxy-4-[(methylamino)methyl]phenyl}pyridin-2amine, is a selective inhibitor of nNOS that demonstrates neuroprotection in embolic middle cerebral artery occlusion models in rats. Following middle cerebral artery occlusion, nNOS is linked to neuronal compromise and death in stroke
through appearance of the oxidative damage marker 3-nitrotyrosine (3-NT). The
only known path to 3-NT formation requires NOS activity, and involves formation
of the highly damaging free radical peroxynitrite as an intermediate. CP-695,516
was administered by continuous intravenous infusion to dogs and rats in a series of
studies up to 2 weeks in duration. All doses were delivered using two different rates
of infusion in order to rapidly achieve and then maintain steady-state serum drug
concentrations. Target organs identified in toxicology test species included the gastrointestinal, neurological, cardiovascular, and musculoskeletal systems.
Gastrointestinal findings in both rats and dogs were consistent with nNOS inhibition and occurred at lower circulating levels of CP-695,516 (1.5-5x the predicted
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clinically efficacious concentration [PCEC] of 0.55 µg/mL) than the most serious
neurological finding, convulsions (13 and 100x PCEC in dogs and rats, respectively). Minimal phospholipidosis was observed in multiple organs in rats at 42x
PCEC. There was no evidence of ocular toxicity previously observed with other
Pfizer nNOS inhibitors that contained a dimethyl-aminomethoxy side chain. CP695,516 was not genotoxic. Decreases in cerebrospinal fluid cGMP were measured
in rats and dogs after CP-695,516 treatment, supporting the potential of this endpoint to be used as a biomarker in Phase 1 clinical trials for central nNOS inhibition. In summary, there were no safety issues that would preclude development of
CP 695,516 for the acute treatment of stroke.
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ANTIOXIDANT EFFECT OF HMG-COA REDUCTASE
DOWN STREAM METABOLITES ON STATIN-INDUCED
REACTIVE OXYGEN FORMATION IN HUMAN
SKELETAL MUSCLE CELLS

A. Wolf1, L. Ndountse-Tchapda1, U. Schramm1 and W. E. Trommer2.
1
Biomarker Development, Novartis Pharma AG, Basel, Switzerland and 2Department
of Chemistry, University of Kaiserslautern, Kaiserslautern, Germany.
Statins (3-hydroxy-3-methylglutaryl-coenzyme A reductase inhibitors) are potent
cholesterol lowering agents causing rhabdomyolysis as a rare, however, clinically relevant side effect in man. The mechanisms leading to rhabdomyolysis are not yet
clear. We have recently shown, that oxidative stress is an early event in statin-induced apoptosis and necrosis in human skeletal muscle cells (hSkMCs) and that,
both, antioxidants as well as HMG-CoA reductase down-stream metabolites have a
protective effect on statin-induced myotoxicity. Thus, the purpose of this study was
to investigate whether HMG-CoA downstream metabolites possess possible antioxidant effects. Human SkMCs were incubated with atorvastatin (ATV), simvastatin
(SIM) or pravastatin (PRA) with and without the HMG-CoA downstream metabolites mevalonate (MV), farnesol (FOH) and geranylgeraniol (GGOH). ROS formation was increased after 30 minutes of incubation of hSkMCs with ATV (50 µM)
and SIM (50 µM). These increases were inhibited by co-incubation with MV (400
µM) partially, and completely by FOH (10 µM) and GGOH (10 µM).
Determination of the direct total antioxidative capacity of the metabolites by means
of the cell free TAC assay revealed, that MV, FOH and GGOH have no direct radical scavenging activity. Knowing from the literature that statins are leading to increased [Ca2+]i in SkMCs and that Ca2+ uptake by mitochondria may lead to uncoupling-mediated ROS formation, we investigated this hypothesis by
co-incubation experiments with intracellular Ca2+ chelator BAPTA/AM (5 µM).
Increased ROS formation by ATV and SIM was completely inhibited by co-incubation with the intracellular Ca2+ chelator BAPTA/AM. The present data suggest that
the HMG-CoA reductase metabolites maintain protection against statin-induced
ROS formation. Decreased HMG-CoA reductase activity may lead to elevated intracellular Ca2+ concentration, which could potentially trigger ROS formation.
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SAFETY EVALUATION OF A BAFF DECOY RECEPTOR
(BR3-Fc) IN MONKEYS AND MICE

T. R. Gelzleichter1, T. M. Nelson1, T. Kamenosono3, K. R. Moore3, S. Ren1, B.
Wu1, F. Martin1, I. Grewal1, B. N. Thompson2, D. M. Ehrenfels2, D. M.
Danilenko1, K. Howell1 and Y. Vugmeyster1. 1Genentech, South San Francisco, CA,
2
Biogen Idec, Cambridge, MA and 3SNBL, Seattle, WA.
B-cell activating factor (BAFF) plays an integral role in B-cell survival and maturation and BAFF overexpression has been implicated in a variety of autoimmune disorders including rheumatoid arthritis, systemic lupus erythematosus, and Sjögren’s
disease. BR3-Fc is a human fusion protein designed to inhibit BAFF signaling by
acting as a decoy receptor. To enable early clinical studies with this therapeutic candidate, a series of safety studies were conducted in monkeys and mice. In three separate studies, cynomolgus monkeys were given BR3-Fc at doses up to 50 mg/kg
(single dose, SC or IV), 50 mg/kg/wk (4 wks, SC or IV), and 20 mg/kg/wk (18
wks, IV). BALB/c mice were given BR3-Fc at doses up to 150 mg/kg/wk (IV) for
up to 4 wks. For all monkey and mouse studies, toxicity was assessed by hematology, serum chemistry, body and organ weights, gross pathology, and histology. For
monkey studies, additional evaluations include urinalyses and FACS analyses of B,
T, and NK cells. In monkeys, there were no adverse events attributed to drug exposure at any dose tested (NOAEL = 50 mg/kg/wk). Pharmacologic activity was evidenced by reductions in B cells within 4-13 wks of dosing in both peripheral blood
and lymphoid tissues (i.e., spleen, lymph node). Both CD20+CD21+CD27- and
CD20+CD21+CD27+ B-cell subsets were reduced in blood and lymphoid tissues.
By IHC, there was an approximate 40% decrease in the size of lymphoid follicles
and a similar decrease in splenic outer marginal zone B cells (18 wk study). In
mice, there were no adverse events attributed to drug exposure at any dose tested
(NOAEL = 150 mg/kg/wk). Pharmacologic activity was evidenced by a reversible

decrease in spleen weight. Overall, BR3-Fc has been shown to have a good safety
profile with pharmacologic activity restricted to reductions in peripheral blood and
tissue B-cells. All B cell effects were reversible upon cessation of dosing.
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STUDY OF POTENTIAL GENOTOXIC AND
EPIGENETIC LIVER CANCER-INDUCING EFFECTS OF
ALAGEBRIUM CHLORIDE (ALT-711) IN SPRAGUEDAWLEY (SD) RATS

A. M. Jeffrey1, M. J. Iatropoulos1, C. E. Perrone2, J. Duan1, G. M. Williams1
and H. B. Haimes3. 1New York Medical College, Valhalla, NY, 2Orentreich
Foundation, Cold Spring-on-Hudson, NY and 3Alteon Inc., Parsippany, NJ.
ALT-711 (4,5-dimethyl-3-(2-oxo-2-phenyl-ethyl) thiazole-3-ium chloride) given
orally at 20 and 50/40 mg/kg bw for 2 years to SD rats produced small increases of
liver neoplasms above controls only in males (M). To elucidate mechanisms for the
effect on liver neoplasia, in vivo studies in rats (ALT-711 up to 100 mg/kg for up to
8 weeks) and in vitro studies with cultured rat and human hepatocytes were conducted to assess the ability of ALT-711, and its metabolites, to damage DNA (32Ppostlabeling and DNA repair synthesis), to alter the rate of hepatocellular proliferation (PCNA in vivo, BrdU incorporation in vitro) and to induce preneoplastic foci
(GST-P) in liver. ALT-711 produced DNA modifications in M and female (F) rat
liver and in cultured M and F rat but not in M or F human hepatocytes by 32Ppostlabeling. Modifications were greatest in M rat liver, supporting the interpretation that this is the basis for the weak oncogenicity. DNA modification in rat liver
was associated with DNA binding using 14C-ALT-711 in cultured rat hepatocytes.
This binding appears to have only very weak functional consequences: ALT-711
was negative in both in vivo and in vitro short-term genotoxicity tests (Ames, Gene
Mutation, Chromosome Aberration, and RBC Micronucleus) and DNA modification did not elicit DNA repair synthesis in vivo. At 25.5µg/mL, 180-fold above the
in vivo concentration achieved at human doses of 3 mg/kg ALT-711, repair was
elicited in cultured M rat hepatocytes, but not in human hepatocytes. Importantly,
ALT-711 did not induce GST-P positive preneoplastic lesions in rats, indicating an
absence of initiating activity. We conclude that the formation of a DNA modification in M rat liver leads to a weak enhancing effect on spontaneous liver neoplastic
development. This DNA modification did not occur in human hepatocytes and
therefore, ALT-711 does not represent a carcinogenic hazard to subjects at doses
proposed for clinical usage.
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CARDIOPULMONARY SAFETY AND TOXICOLOGICAL
EVALUATION OF INS50589, A REVERSIBLE P2Y12
RECEPTOR ANTAGONIST WITH ANTI-PLATELET
AGGREGATION ACTIVITY, ADMINISTERED BY
CONTINUOUS INTRAVENOUS INFUSION IN BEAGLE
DOGS

M. S. Cowlen, C. Crean, R. Krishnamoorthy, L. Richards, P. Watson and J.
Boyer. Inspire, Durham, NC.
INS50589 is a rapidly reversible P2Y12 antagonist with anti-platelet aggregation activity in development to reduce complications associated with cardiovascular surgery involving cardiopulmonary bypass. INS50589 was tested in two studies designed to investigate potential cardiopulmonary and toxicological effects in beagle
dogs during and after continuous intravenous infusion for 24 hours at doses of 0.6,
3, and 15 mg/kg/h (14.4, 72, and 360 mg/kg). Cardiopulmonary endpoints were
evaluated in conscious animals prior to, during and up to 24 hours after treatment
with INS50589, and included qualitative and quantitative electrocardiography, hemodynamic, and respiratory parameters. Toxicological endpoints were evaluated
prior to, 24 hours after, and 14 days after treatment, and included clinical signs,
body weight, food consumption, ophthalmology, hematology, serum chemistry,
urinalysis, organ weights, gross pathology, histopathology, and toxicokinetics.
There were no changes attributable to treatment with INS50589 in heart rate,
blood pressure, left ventricular pressure, left ventricular contraction and relaxation
rates, contractile index, pulmonary artery pressure, cardiac output, stroke volume,
or peripheral vascular resistance. INS50589 did not induce ST elevation, alter electrocardiographic intervals PR, RR, QRS, QT, or QTc, or adversely affect respiratory rate, tidal volume, or minute volume. No dose-related adverse effects were observed in any toxicological parameter evaluated. Noncompartmental toxicokinetic
evaluation indicated that INS50589 achieved steady state plasma levels rapidly. The
terminal phase plasma half-life of INS50589 increased from 0.3 to 1.1 hours with
increasing dose. Plasma Cmax levels and AUC were dose proportional and dependent on gender. In conclusion, INS50589 did not induce adverse cardiopulmonary
or toxicological effects when administered by continuous intravenous infusion at
doses up to 15 mg/kg/h for 24 hours (360 mg/kg) in beagle dogs.
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NONCLINICAL EVALUATIONS OF ICA-17043: AN
INVESTIGATIONAL DRUG FOR TREATMENT OF
SICKLE CELL DISEASE (SCD)
T. B. Grizzle1, G. C. Rigdon1, J. W. Stocker1, G. A. McNaughton-Smith1 and
M. M. Yuschak2. 1Icagen, Durham, NC and 2McNeil Cons. & Spec.
Pharmaceuticals, Fort Washington, PA.
ICA-17043, a potent and selective blocker of the Gardos potassium ion channel in
human RBCs, is in Phase III trials for treatment of SCD. In a mouse model of
SCD, oral ICA-17043 (20 mg/kg/day) for 21 days produced decreased MCHC
and RBC density, and increased HCT and total cellular potassium. As a result,
nonclinical safety assessments of ICA-17043 were conducted. High concentrations
of ICA-17043 exhibited only minimal effects on a variety of other ion channels.
ICA-17043 (10 µM) produced minimal inhibition (10-33%) of ligand binding in
7 of 30 receptors. ICA-17043 at high doses produced only minimal effects on gross
behavior, and had no effect on either locomotor activity or intestinal motility in
mice. There were no effects on QT/QTc interval in conscious dogs. ICA-17043
was not mutagenic or clastogenic in two in vitro and one in vivo genetic toxicology
studies. In acute toxicology studies in rats and dogs, there were no deaths or clinical
signs at doses up to 4000 mg/kg. In multi-dose toxicology studies, effects in rats
after 6 months were slight changes in clinical chemistry and organ weights at
necropsy, primarily at the highest dose (1000 mg/kg). Dose responsive hepatocellular hypertrophy, an adaptive response to the dosing regimen, was found upon
pathologic examination. After 9 months in monkeys (up to 1000 mg/kg), slight
changes in clinical chemistries were seen, with minimal increases in liver weights
(all doses), but no pathology. ICA-17043 was generally well tolerated by pregnant
mothers and their offspring in rat and rabbit reproductive toxicity studies at doses
up to 1000 mg/kg. There were no effects on fertility, estrus cyclicity, sperm parameters, or on embryo/fetal development. In summary, ICA-17043 had a favorable
cardiovascular and CNS profile, was generally well tolerated in toxicology studies in
multiple species, was not mutagenic or clastogenic, and was not a reproductive toxicant. This safety pharmacology/toxicology profile mirrors the clinical data available to date.
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TOXICOLOGICAL INVESTIGATIONS ON INHALED
INSULIN
W. R. McConnell1, G. Finch1, M. Elwell1, T. Kawabata1, R. Moutvic2, M.
Shaw2 and I. Stammberger3. 1Safety Sciences, Pfizer Global Research and
Development, Groton, CT, 2Battelle, Columbus, OH and 3the sanofi-aventis Group,
Frankfurt, Germany.
A preclinical toxicology program was conducted as part of the comprehensive safety
assessment for clinical administration of insulin inhalation powder (INH) containing a recombinant human insulin (rhu-insulin) and excipients. Inhalation toxicology studies were performed in rats and monkeys in which INH or excipients alone
were administered daily for up to 6 months. These studies, in addition to assessing
standard toxicological parameters, also evaluated the potential toxicity of INH and
excipients alone to the respiratory tract. Investigations included respiratory and
pulmonary function, lung cell proliferation indices, insulin antibody titers and
histopathology. The safety assessment was supplemented by results from other studies using injected rhu-insulins. There were no toxicological findings relevant to
human systemic or pulmonary risk with the excipients or with INH at inhaled
doses up to approximately 40 times for rats and 4 times for monkeys compared
with the clinical starting dose of 0.15 mg/kg/day. Maximum tolerated doses were
limited by hypoglycemia. No evidence of exposure-related inflammatory or immune-mediated hypersensitivity reactions were observed in the respiratory tract. A
weak antibody response to the INH was observed in rat serum but anti-insulin antibodies were not detectable in monkey serum or bronchoalveolar lavage fluid. A
comparable weak antibody response in rats was also observed following subcutaneous injection. Assessment of respiratory and pulmonary function parameters revealed no exposure-related effects. No exposure-related histopathological responses
were observed in the respiratory tract or in lung-associated lymph nodes in either
species. Staining the bronchioles and alveoli with markers for cell proliferation
showed no biologically significant differences in proliferation indices attributable to
INH or excipients alone in either species. The results from the preclinical toxicology program support the comprehensive safety assessment for clinical administration of INH.
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OCULAR EFFECTS OF SORBITOL DEHYDROGENASE
(SDH) INHIBITOR (SDI), SDI-PFE
J. Singh1, R. Barnes1, M. Aleo1, J. Lapointe1, C. Somps1, C. Liu1, D.
Baltrukonis1, C. Doshna1, J. Fortner1, J. Render1, B. Ballinger1, C. Day2, R.
Jacob2 and R. Mason2. 1Safety Sciences, Pfizer, Groton, CT and 2Elucida Research
LLC, Beverly, MA.
SDIs may cause lens cataracts via sorbitol accumulation and osmotic stress. SDImediated ocular effects and underlying mechanisms were investigated using SDIPFE. Normal Sprague Dawley rats were treated daily with 0.2, 2, and 30 mg/kg of

SOT 2006 ANNUAL MEETING

127

SDI-PFE for 4 months, followed by a 2-month reversal. Slit lamp and Scheimpflug
exams at 3 months indicated a posterior-central opacity and a peripheral halo in the
lens in most animals at all doses. These findings progressed in severity and frequency by the 4th month. Opacities reversed partially but the halo did not reverse
in the 2-month reversal. Histological correlates to the opacities included focal cortical liquefaction, disruption of lens fiber orientation and globule formation. There
was no histological correlate for the halo, which may be due to subtle disruption of
the hexagonal array of cortical lenticular cells. The rat findings were consistent with
a literature report of cataracts in SDH knockout mice. The posterior location of
cataracts was inconsistent with a literature report of anterior location noted in SDItreated diabetic rats. One hypothesis tested was that rats are more sensitive to SDIrelated cataracts than dogs because of higher levels of the rate-limiting enzyme, aldose reductase, in the polyol pathway. Normal Beagle dogs were treated daily with
0.1, 1, and 4 mg/kg of SDI-PFE for 3 months with no reversal phase. Lens of one
dog at 4 mg/kg had a cataract and a halo at 3 months. A possible cataractogenic
mechanism was suggested whereby SDI-PFE increased by 3-5x the aggregation of
membrane cholesterol domains in vitro. SDI-PFE did not affect other mechanisms:
inhibition of lens cholesterol biosynthesis or inhibition of potassium channels.
Drug distribution studies indicated that the minor (<1%) fraction of SDI-PFE distributed to rat lens cleared by 96 hours postdose; drug precipitation was not a likely
factor. The clinical significance of these ocular findings is unknown.
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TOXICITY AND KINETICS OF A SELECTIVE 5-HT2C
RECEPTOR AGONIST AND THE RISK ASSOCIATED
WITH 5-HT2B-MEDIATED VALVULAR HEART DISEASE

T. Williams, N. Huang, K. Cassidy, R. Moulton and Y. Hui. Lilly Research
Laboratories, Eli Lilly and Company, Indianapolis, IN.
5-HT2C receptor agonists may offer useful therapies for the treatment of obesity
through appetite suppression. It is hypothesized from data using human valvular
interstitial cells that 5-HT2B receptor agonist activity plays a role in valvular heart
disease (VHD) observed in humans taking fenfluramine, norfenfluramine, dihydroergotamine, and pergolide. Since most anti-obesity compounds producing
VHD are full agonists at 5-HT2B, a selective 5-HT2C receptor agonist is necessary
to mitigate the risk of VHD. A highly potent, selective 5-HT2C receptor agonist
from a thioether platform was synthesized, and the toxicity and kinetics were characterized. Minimal adverse findings were observed following 4 daily oral gavage
doses in Fischer 344 rats up to 150 mg/kg; however, large quantities of a relatively
nonselective S-methyl metabolite were produced both in rat liver slices and in rat
plasma (5-HT2B Ki = 49.3 nM). This metabolite not only showed less in vitro selectivity between 5-HT2C and 5-HT2B than parent compound, it also produced
CNS toxicity in dogs and rats. Minimal conversion of parent to this metabolite was
observed in rat, dog, monkey, and human liver slice incubations. In contrast, the in
vivo conversion resulted in significant quantities of circulating metabolite in plasma
as measured by metabolite to parent ratios: monkey (26%), dog (46%), Sprague
Dawley rat (80%), and Diet Induced Obese Long Evans rat (270%) following a 10
mg/kg oral dose. Differences in metabolite disposition between rat strains could
not be explained by hepatic metabolism as similar metabolic profiles were observed
after incubation of parent in all rat liver slices. These differences may be explained
by variations in body composition. The high concentrations of the identified Smethyl metabolite in vivo, coupled with its poor selectivity in vitro and CNS toxicity in vivo, prohibited further development of the parent compound.

the previous compound (Metabolite/parent ratio decreased from 270% to <79% in
rat). Using nine cDNA-expressed CYP isozymes, the metabolite generation was investigated. The metabolite generation via thiol formation was not observed for the
α-methyl compound. Additional experiments using CYP cDNA isozymes were
performed to investigate the clearance of S-methyl metabolite. The results indicated
the clearance of S-methyl metabolite through CYP2D6 which poses a potential
clinical risk due to the variability that can result from this polymorphic enzyme. In
summary, the structure modification of adding an α-methyl functional group to
the previous compound decreased the formation of potential toxic S-methyl
metabolite and therefore, decreased the risk associated with its 5-HT2B activity.
However, the risk may not be mitigated enough to warrant the further development
of this compound.

623

METABONOMIC EVALUATION OF CERVISTATIN, AN
HMG-COA REDUCTASE INHIBITOR

J. M. DeBoef2, 1, M. P. Smith2, 1, D. F. Wells1, 2, L. C. Robosky1, M. Reily1, C.
V. Okerberg1, L. Egnash1, D. Gage1 and D. G. Robertson1, 2. 1Metabonomics
Evaluation Group, Pfizer PGRD, Ann Arbor, MI and 2Safety Sciences, Pfizer PGRD,
Ann Arbor, MI.
Hydroxymethylgutaryl-coenzyme A (HMG-CoA) reductase inhibitors (a.k.a.
‘statins’) are widely prescribed to lower cholesterol relatively devoid of adverse
events (£ 2%) the most serious of which is myopathy and/or rhabdomyolysis. To
better understand dose-related myopathy, metabonomic evaluation was performed
on cervistatin (Baycol®), removed from market in 2001 due to higher rates (~3%)
of rhabdomyolysis. Female rats were orally gavaged with cervistatin at 0.03, 0.1,
0.3, or 1.0 mg/kg or vehicle daily for 14 days (N=5 per group). Urine was collected
in 24-hour periods beginning with a pre-dose sample on Day –1 then continuing
on Days 6 to 14. Terminal clinical biochemistry showed a dose-related increase in
ALT and AST seven- and 25-times that of control values, likely indicating muscle
and/or hepatic effects. Muscle effects were corroborated by elevated creatine kinase
values in the 1.0 mg/kg group, exhibiting a marked increase of 15-times that of
control. Numerous dose-dependent changes were observed in the urine and serum
NMR profiles, including urine creatine and bile acids and serum serine, and glucose. In addition, NMR spectral changes correlated with muscle and/or liver toxicity. Other dose-related changes included myofiber necrosis of marked severity
throughout the biceps femoris and mild to moderate multi-focal necrosis in the
gastrocnemius muscle. Skeletal muscle necrosis generally correlated with an increase in serum CK and plasma lactic acid. Drug-related liver changes included
gross discoloration and microscopic minimal, periportal cellular alteration of hepatocytes. Cellular alteration of hepatocytes correlated with an increase in serum
transaminases. In conclusion, animals treated with cervistatin had significant, often
dose-dependent changes in biochemical markers in both urine and serum, which
paralleled histopathological changes in muscle and liver. The time course of these
changes in the progression of statin-induced muscle and hepatic toxicity remains to
be elucidated.
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CJC-1134-PC, A LONG-ACTING EXENDIN-4
ANALOGUE, IS WELL TOLERATED IN RATS AND
MONKEYS FOR UP TO 7 DAYS

S. Wen, T. Najarian, K. Thibaudeau, J. Woo and J. Castaigne. ConjuChem, Inc.,
Montréal, QC, Canada.
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PHARMACOKINETICS AND METABOLISM OF A
SELECTIVE 5-HT2C RECEPTOR AGONIST:
MODIFICATION OF THE STRUCTURE TO LIMIT 5HT2B ACTIVITY

Y. Hui, N. Huang, K. Cassidy, J. Fayer, M. Reinhard, K. Briner and T.
Williams. Lilly Research Laborotories, Eli Lilly and Company, Indianapolis, IN.
The 5-HT2C receptor is an attractive pharmaceutical target for the treatment of
obesity due to substantial preclinical and clinical evidence linking this target to
weight loss. A previously identified highly selective 5-HT2C agonist could not be
developed because of the generation of an S-methyl metabolite with high 5-HT2B
affinity, which has been hypothesized linking to human valvular heart disease. In an
effort to find a selective 5-HT2C agonist, devoid of an S-methyl metabolite and 5HT2B activity, compounds from a thioether chemical platform were explored. The
addition of an α-methyl functional group to the previous compound decreased the
metabolism and resulted in a substantial reduction of the S-methyl metabolite both
in vitro and in vivo. This compound maintained high 5-HT2C potency, good in
vivo efficacy and minimal adverse effects up to 150 mg/kg/day in a 4-day toxicology study. Plasma concentrations of this compound in rat and monkey were above
the EC50 and oral bioavailability was >20%. Even though the S-methyl metabolite
was detected in human liver slices and in rat plasma, the extent was much less than
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CJC-1134-PC is an anti-diabetic compound being developed for the control of
type II diabetes using ConjuChem’s Drug Affinity Complex (DACTM) technology.
CJC-1134-PC is formed by the in vitro conjugation of modified exendin-4 to recombinant human albumin. This preformed conjugate, when administered subcutaneously (SC), prolongs the t1/2 (~24h in rats) and activity of the peptide. A single
SC administration of CJC-1134-PC has been shown to lower blood glucose up to
48 to 72 hours in diabetic db/db mice and up to 7 days in obese ZDF rats. The
acute toxicity of CJC-1134-PC was evaluated following single SC doses in CD rats
(3/sex/group) at 0.08, 0.4, 2, 10, 50 or 200 mg/kg and following dose escalation in
Cynomolgus monkeys (1/sex) at 0.2, 1, 5 or 25 mg/kg every 4 days. CJC-1134-PC
was generally well tolerated with no mortality or serious toxicity at any dose level.
At 200 mg/kg in rats, salivation, hunched posture, discolored hair and material
around nose or eyes were noted. Dose-dependent decreases in food consumption
were observed at ≥0.4 mg/kg in rats correlating to decreased body weights at ≥50
mg/kg with recovery. In monkeys, decreased food consumption correlated with
body weight loss at 4-days post-dose at ≥1 mg/kg. Seven day repeat-dose toxicity
studies were conducted in CD rats (5/sex/group) at 0, 1, 5 or 25 mg/kg/day and in
Cynomolgus monkeys (2/sex/group) at 0, 0.4, 2 or 10 mg/kg/day. All animals survived to study termination with no serious toxicity. There were no treatment-related effects on clinical chemistry, hematology, urinalysis, organ weights and macroscopic evaluations. Transient, dose-dependent decrease in food consumption in
both rats and monkeys correlated to a decrease in body weight at ≥2 mg/kg/day in

monkeys or a decrease in body weight gain at ≥1 mg/kg/day in rats. In conclusion,
SC administration of CJC-1134-PC to rats and monkeys was well tolerated with
expected pharmacologically-related effects on food consumption and body weight.
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RENAL TOLERABILITY OF A SECOND-GENERATION
ANTISENSE OLIGONUCLEOTIDE (ISIS 113715) IN
MONKEY

T. A. Zanardi1, S. P. Henry1, R. Fey1, M. Johnson2 and P. B. Lappin3. 1ISIS
Pharmaceuticals, Inc., Carlsbad, CA, 2MPI Research, Mattawan, MI and 3Charles
River Laboratories, Sparks, NV.
ISIS 113715 is an antisense inhibitor of protein tyrosine phosphatase-1B (PTP1B). The compound is a 20-mer that has phosphorothioate (PS) linkages and 2’MOE modifications at the termini. Like all PS oligos, systemic administration of
ISIS 113715 results in the highest tissue concentration in kidney. Within the kidney, oligo is primarily taken up in the proximal tubular epithelium. Histologic
changes in tubular epithelial cells range from basophilic granules to degeneration of
the tubular epithelium at higher doses. Studies were performed to determine the effect of oligo uptake on renal function. In a detailed renal physiology study,
cynomolgus monkeys were treated with 10 to 40 mg/kg/wk ISIS 113715 for 4
weeks. Despite the typical morphologic changes, there was no evidence of renal abnormalities as determined by measurement of blood urea nitrogen, serum creatinine, creatinine clearance, urine specific gravity, glomerular filtration rate, or renal
blood flow. There was also no increase in urine markers of epithelial cell damage,
such as N-acetyl-glucosaminidase, and α-glutathione-s-transferase, and no apparent change in tubular epithelial cell function as determined by an absence of increased urine amino acid, β2-microglobulin, or glucose excretion, even when monkeys were challenged with glucose infusion to test resorptive capacity. The only
change observed was a slight increase in excretion of low molecular weight proteins
in urine in 1 of 4 monkeys. In a subsequent study, proteinuria was monitored at
doses of up to 80 mg/kg/wk for 13 weeks. Remarkably, the high dose of 80
mg/kg/wk was associated only with mild, sporadic proteinuria (2 of 8 monkeys),
which was reversible. Collectively, these data indicate that ISIS 113715-uptake is
primarily in proximal tubular epithelium, and that morphologic changes are limited to this cell type and highly correlated with concentration. Functional changes
are only observed at concentrations ≥40 mg/kg/wk and are reversible.
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A NINE-MONTH CHRONIC TOXICITY STUDY OF CJC1131, A LONG-ACTING GLP-1 ANALOGUE

Y. Fukushima1, C. N. Papagiannis2, J. Castaigne1 and S. Wen1. 1ConjuChem Inc.,
Montréal, QC, Canada and 2MPI Research, Inc., Mattawan, MI.
CJC-1131 is an anti-diabetic compound being developed for the control of type 2
diabetes. By applying the Drug Affinity Complex (DAC) technology to glucagonlike peptide-1 (GLP-1), the peptide selectively and covalently binds to circulating
albumin after subcutaneous (SC) administration, thereby extending the peptide
half-life. The chronic toxicity of CJC-1131 was evaluated in Beagle dogs dosed SC
with CJC-1131 once daily for 9 months (39 weeks) at 0, 0.013, 0.13 and 1.3
mg/kg/day (4/sex/group, recovery: 2/sex/group).
All animals survived to study termination. No treatment-related effects were noted
on clinical findings, physical, ophthalmoscopic, electrocardiographic, clinical
pathology, macroscopic and organ weight evaluations. Although not statistically
significant, decreases in mean body weight gain occurred at ≥0.013 mg/kg/day
compared to controls (males: Ñ18.2 - 50.8%; females: Ñ11.0 - 24.8%), correlating
with decreased food consumption [males: Ñ30.5 - 45.2%; females: Ñ23.7 - 53.7%;
(p<0.01 or p<0.05), compared to controls]. Reversibility was apparent for food
consumption and body weight gain. Microscopically, only very slight increases in
the incidence and severity of treatment-related injection site observations were
noted at 1.3 mg/kg/day when compared to controls. These findings included fibrosis, hemorrhage, granuloma or granulomatous inflammation, subacute inflammation, and necrosis. At recovery, the incidence of injection site changes was similar
for both the 1.3 mg/kg/day and control groups.
In conclusion, once daily SC administration of CJC-1131 to dogs for 9 months was
generally well tolerated at dose levels up to 1.3 mg/kg/day, with expected pharmacological activity of CJC-1131 on body weight and food consumption.
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CHARACTERIZING ANIMAL MODELS OF PPAR-G
AGONIST INDUCED EDEMA

H. S. Younis1, K. Palacio1, B. Simmons2, K. Ogilvie2, J. Fraser2 and G. J.
Stevens1. 1Safety Sciences, Pfizer Inc., San Diego, CA and 2Research Pharmacology,
Pfizer Inc., San Diego, CA.
The therapeutic utility of peroxisome proliferator activated receptor gamma
(PPARg) agonists is well established in the treatment of diabetes mellitus, but their
use in clinical practice is limited due to peripheral edema that occurs in 5-15% of

patients. The objective of this research was to develop an animal model of edema in
rodents that is predictive of the human response. Rodent models of diabetes and
obesity (db/db, ob/ob and Zucker fa/fa) were treated with a potent PPARg agonist,
darglitazone (50-75 mg/kg/day, po X 14 days), and markers of plasma volume
(hematocrit, hemoglobin) and edema (hydrothorax) were measured. Decreases in
hematocrit and hemoglobin indicative of hemodilation or plasma volume expansion were observed in all the models evaluated. Evidence of edema manifested by
hydrothorax and fluid in fat pads was only demonstrated in Zucker fa/fa rats
treated with darglitazone. Co-treatment of darglitazone and insulin (via osmotic
pumps to elevate systemic insulin concentrations similar to that of Zucker fa/fa
rats) to female Sprague-Dawley rats was not sufficient in producing edema. This research identified the Zucker fa/fa as a predictive animal model of PPARg induced
edema that can be used to discover and develop new generation PPARg agonists
with minimal side effects associated with peripheral edema. This model can also
serve to investigate the mechanisms of PPARg induced plasma volume expansion
and edema.
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A TOXICITY STUDY IN RATS TREATED FOR 1 MONTH
WITH LY465608, A PPARα,γ DUAL AGONIST

V. L. Reynolds1, L. I. Boone1, D. A. Buenger1, M. A. Carfagna1, K. B.
Donnelly1, M. Fitzsimmons2, J. M. Sullivan1 and G. D. Williams1. 1Lilly
Research Laboratories, Greenfield, IN and 2Covance Laboratories, Madison, WI.
Peroxisome proliferator-activated receptor gamma (PPARγ) agonists [e.g., thiazolidinediones (TZDs) such as pioglitazone and rosiglitazone] have clinical utility as
insulin sensitizers in the treatment of Type 2 diabetes while PPARα agonists (e.g.,
fenofibrate) are beneficial in controlling dyslipidemia. This study evaluated the toxicity of LY465608, a non-TZD PPARα,γ dual agonist, when given to rats for 1
month. Male and female Fischer 344 rats (n=10/sex/group) received daily oral
doses of 1000, 300, 100, 10, or 0 (vehicle control) mg/kg for at least 30 days.
Clinical signs of toxicity and decreases in body weight occurred mainly in the 1000mg/kg group. Hepatic microsomal and biochemical analyses revealed inhibition of
CYP3A, induction of CYP4A, and increased peroxisomal β-oxidation. Hematology
changes consisted of decreases in platelet counts at 1000 mg/kg, increases in APTT
at all doses, and decreases in erythroid parameters at all doses. Heart and kidney
weights were increased in the absence of histologic correlates, while ovary weights
were decreased with decreased numbers of corpora lutea. Hepatotoxicity occurred
only at high doses as evidenced by increases in serum ALT and AST activities, hepatocellular hypertrophy and necrosis, hepatic inflammation, and Kupffer cell
prominence. Ultrastructural examination of the liver revealed peroxisome proliferation, disruption and loss of endoplasmic reticulum, lipid depletion, and equivocal
mitochondrial changes that included possible crystolysis, enlargement, and amorphous inclusions. In a parallel study with comparable exposures in beagle dogs, liver
toxicity also occurred. However, morphologic changes in hepatic mitochondria
were more prominent in the dog. This study demonstrates that the rat is less sensitive than the dog to mitochondrial metabolic perturbations in liver injury associated with LY465608 and is consistent with FDA views that dogs are overly sensitive
to PPAR agonist toxicity and are inappropriate for PPAR safety assessment.
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A TOXICITY STUDY IN BEAGLE DOGS TREATED FOR 1
MONTH WITH LY465608, A PPAR ALPHA,GAMMA
DUAL AGONIST

M. A. Carfagna1, L. I. Boone1, D. A. Buenger1, K. B. Donnelly1, M.
Fitzsimmons2, V. L. Reynolds1, J. M. Sullivan1 and G. D. Williams1. 1Lilly
Research Laboratories, Greenfield, IN and 2Covance Labs, Madison, WI.
Peroxisome proliferator-activated receptor gamma (PPARγ) agonists [e.g., thiazolidinediones (TZDs) such as pioglitazone and rosiglitazone] are used as insulin sensitizers in treating Type 2 diabetes while PPARα agonists (e.g., fenofibrate) are beneficial in controlling dyslipidemia. This study evaluated the toxicity of LY465608, a
non-TZD PPARα,γ dual agonist, when given orally to male and female beagle dogs
(n=3/sex/group) at doses of 100, 30, 10, 3, or 0 (vehicle control) mg/kg for at least
30 days. An additional 3 dogs/sex were included in the high dose and control
groups to assess reversibility after 1 month. Emesis and abnormal feces occurred
with increased incidence at 100 mg/kg. Body weight was decreased at 10 mg/kg or
greater and recovered partially after 1 month. In males, CYP4A was weakly induced
and peroxisomal β-oxidation activity was slightly increased. A nonregenerative anemia and neutropenia occurred at 10 mg/kg and greater. After 1 month of reversibility, the neutropenia had resolved whereas the anemia had not recovered. Increased
serum CK and AST activities, likely due to striated muscle injury, occurred in all
treated groups, but with increased incidence and severity at higher doses. Adverse
histologic changes occurred in bone marrow, thymus, lymph node, and reproductive tissues. Liver was a key target organ as shown by increases in serum ALT, AST,
ALP, and GGT activities, and by histologic findings of hepatocellular and biliary
injury. EM evaluation of hepatocytes revealed swollen mitochondria with increased
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cristae and accumulation of amorphous material. In a parallel study in Fischer 344
rats at similar exposures, comparable mitochondrial changes either did not occur or
occurred with reduced magnitude. This demonstrates that dogs are more sensitive
than rats to mitochondrial metabolic perturbations in liver injury with LY465608.
This is consistent with FDA views that dogs are overly sensitive to PPAR agonists
and are not appropriate for human safety assessment.

630

THE PPARα AGONIST FENOFIBRATE CAUSES
INCREASED β-OXIDATION LEADING TO OXIDATIVE
INJURY IN SKELETAL AND CARDIAC MUSCLE IN
THE RAT

J. C. Pettersen, I. Pruimboom-Brees, D. E. Amacher, O. L. Francone, S. E.
Boldt, R. L. Kerlin and W. E. Ballinger. Pfizer Global Research & Development,
Groton, CT.
Peroxisomal proliferator-activated receptor (PPAR) agonists are used clinically or
are being developed for the treatment of dyslipidemia (α), type 2 diabetes (γ), and
obesity (β or ∆). It has been noted in rats that cardiomyocyte degeneration and
necrosis (a common background finding in rats), and skeletal muscle degeneration
and necrosis are caused or exacerbated by the administration PPARα agonists and
are associated with evidence of cellular oxidative stress. Since PPARα is highly expressed in tissues such as muscle that are dependent on β-oxidation for energy, we
hypothesized that these muscle effects may be caused by a drug-related increase in
peroxisomal β-oxidation and consequent oxidative stress injury. Fenofibrate was
chosen as a model compound to test this because it has been safely used for many
years and is a relatively selective PPARα agonist (10x α to γ activity). Fenofibrate
was administered to Sprague Dawley rats at 600 or 2000Ç1200 mg/kg (dose lowered mid study due to intoleration) for 6 weeks. In addition to standard endpoints,
serum troponin I, and heart and skeletal muscle β-oxidation of palmitoyl-CoA and
acyl co-oxidase (AOX, rate limiting enzyme in β-oxidation) mRNA were assessed.
Fenofibrate caused a dose-dependent increase in the incidence and/or severity of
cardiomyocyte degeneration and necrosis, heart weight and serum troponin I.
Fenofibrate also caused skeletal muscle degeneration. Increases in mean heart β-oxidation of palmitoyl-CoA (heart: 3.4-5.1x control) and AOX mRNA (heart: 2.43.2x control) and skeletal muscle AOX mRNA (1.6-2.1x control) were also observed. These findings were consistent with PPARα agonism and support the link
between increased cardiac and skeletal muscle β-oxidation and resultant muscle injury in the rat. The large safety database established for fibrates strongly suggests
that these effects are of little significance to humans at clinical doses.
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SAFETY ASSESSMENT OF 11B-HYDROXYSTEROID
DEHYDROGENASE TYPE 1 KNOCKDOWN USING
ANTISENCE OLIGONUCLEOTIDES IN MICE

K. A. Palacio, T. McDermott, B. Jessen, G. J. Stevens and H. Younis. Safety
Sciences, Pfizer, San Diego, CA.
The inhibition of 11b-hydroxysteroid dehydrogenase 1 (11bHSD-1), an enzyme
that catalyzes the conversion of cortisone to active cortisol, has potential as a treatment for diabetes and obesity by suppressing gluconeogenesis. Since the safety risk
of inhibiting 11bHSD-1 is unknown, the objective of this research was to assess the
potential toxicity of inhibiting this target by using antisense oligonucleotdies
(ASO). Male C57blk mice were administered (25 and 50mg/kg; biw; ip) ASO selectively targeting 11bHSD-1 mRNA for 4 weeks, blood and tissues were collected
to assess clinical pathology and histopathology as parameters of toxicity. The gene
expression of 11bHSD-1 in the liver was reduced by up to 70% with a concomitant
decrease in protein levels. Phosphoenolpyruvate carboxy kinase (PEPCK), a known
biomarker of 11bHSD-1 inhibition, was also reduced by 70% corroborating the
activity of ASO. The inhibition of 11bHSD-1 was well-tolerated in vivo; clinical
pathology and histopathology endpoints did not reveal toxicities in the tissues examined that were associated with the reduction of this target. This study suggests
that attenuation of 11bHSD-1 activity does not appear to cause any acute (<4
weeks) safety risks in mice and highlights the utility of ASO as a tool to study target
related toxicities.

632

LIPOIC ACID INHIBITS SUPEROXIDE RELEASE IN
HUMAN NEUTROPHILS

H. C. O’Neill1 and C. W. White2, 1. 1Department of Pharmaceutical Sciences,
Program in Toxicology, UCHSC, Denver, CO and 2Department of Pediatrics,
National Jewish Medical Research Center, Denver, CO.
The antioxidant lipoic acid (LA), which is converted to dihydrolipoic acid (DHLA)
in the cell, can reduce the viscoelasticity of mucus from cystic fibrosis (CF) patients
in in vitro studies. Since neutrophils are pivotal in response to bacterial infection
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and are major contributors to chronic inflammation in the CF lung, it is crucial to
understand the effect(s) these compounds may have on bactericidal and phagocytic
functions. Peripheral neutrophils were isolated from healthy volunteers and left untreated, treated with phorbol 12-myristate 13-acetate (PMA) to induce reactive
oxygen species (ROS) production, pretreated for 30 minutes with DHLA or LA
alone, or pretreated with DHLA or LA (100,200 or 500µM) for 30 minutes with
addition of PMA. SOD-inhibitable reduction of acetylated cytochrome c at 550
nm was used to detect superoxide release. Control cells produced no superoxide,
while PMA treated cells had a markedly increased rate in superoxide production
(respiratory burst). Pretreatment with DHLA or LA alone also resulted in no superoxide production. Pretreatment with DHLA in conjunction with PMA resulted
in a rate similar to that seen in PMA alone. In contrast, pretreatment with LA followed by addition of PMA resulted in profound suppression of the rate of superoxide production (reduced 89% at 100 µM as compared to PMA alone). Inhibition
of detectable superoxide did not appear to be due to direct action of LA with cytochrome c or superoxide, as LA did not inhibit cytochrome c reduction by xanthine-xanthine oxidase. This suggests that LA may either prevent activation of PKC
through reduced mobilization or impaired activation, or that the assembly of
NADPH oxidase is impaired,or alternately that NADPH is depleted. If sustained,
impairment of neutrophil respiratory burst could have a deleterious effect on bacterial killing in vivo.
Funded by Karasik Family Foundation
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ORAL AND ESOPHAGEAL PATHOLOGY IN MICE
FOLLOWING CHRONIC TREATMENT WITH A
TRANSFORMING GROWTH FACTOR–BETA
ANTAGONIST

R. Pawliuk1, E. Lacasse1, J. Delcarpini1, A. Vitsky1, C. Rogers1, M. McCourt2,
J. Powell2, S. Lonning1 and L. Andrews1. 1Genzyme Corporation, Framingham,
MA and 2Cambridge Antibody Technology, Cambridge, United Kingdom.
Overexpression of TGFbeta has been implicated in the pathogenesis of fibroproliferative disorders, immunosuppression and metastasis. We have evaluated a recombinant murine IgG1 antibody, 1D11, that neutralizes all three isoforms of TGFbeta
in mice for potential toxicity. In exploratory safety studies administration of 1D11
to BALB/c mice for 12 weeks caused dose dependent inflammation and epithelial
hyperplasia of the tongue and esophagus. To determine if this pathology was specific to the BALB/c mouse strain and investigate its reversibility, animals of five different mouse strains were treated intraperitoneally three times per week with 10
mg/kg of 1D11 for 12 weeks. In addition, BALB/c mice were followed for an additional 12 weeks following cessation of treatment. Glossal and esophageal lesions
were detected together, independently, or not at all, depending upon the mouse
strain assessed. Histopathology of the tongues of BALB/c mice included epithelial
hyperplasia and inflammation that did not diminish with time, although 1D11 was
detectable in the serum of animals out to 5 weeks post-treatment. Epithelial hyperplasia and inflammation in the esophagus were most severe 4 weeks after cessation
of treatment but milder at later time points. Our data indicate that chronic administration of 1D11 at a dose of 10 mg/kg for 12 weeks results in epithelial hyperplasia and inflammation of the tongue and esophagus and that glossal pathology was
not reversed, at least within the time frame assessed. Given the apparent reversibility of the esophageal pathology, similar reversibility may be possible for glossal
pathology with a longer follow up.
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PRECLINICAL DEVELOPMENT OF A MONOCLONAL
ANTIBODY TO THE αVβ6 INTEGREN

K. J. Olivier1, M. D. Reed2, A. Gigliotti2, D. Hutto1 and J. B. Clarke1. 1Biogen
Idec Inc., Cambridge, MA and 2Lovelace Respiratory Research Institute, Albequerque,
NM.
Inhibition of the αvβ6 integrin blocks the activation of latent TGF-β, which may
be a useful target for treating fibrotic disease. Therefore, monoclonal antibodies to
αvβ6 have been designed. The toxicity of the parent murine mAb (mu3G9) to
αvβ6 and the humanized form (hu3G9) was assessed in CD-1 mice and cynomolgus monkeys, respectively. Mu3G9 and hu3G9 competitively inhibit αvβ6/ligand
binding and functional activity with an IC50 value of ≤ 2 nM. Mu3G9 and hu3G9
have a similar dissociation constant (Kd ~35 pM) and potency in various functional
assays. Mu3G9 was evaluated following repeated intraperitoneal injections of vehicle, mIgG1 antibody, 0.3, 0.6, 1, 10 or 20 mg/kg administered weekly for 4 weeks
to female CD-1 mice with an 8-week recovery period. Hu3G9 was evaluated following repeated intravenous injections of vehicle, 0.1 or 10 mg/kg administered for
4 weeks to female cynomolgus monkeys. In both cases, treatment related effects
were limited to minimal alveolar macrophage hyperplasia/ hypertrophy and minimal perivascular and alveolar inflammation in the lungs of mice and monkeys
treated with ≥ 10 mg/kg mu3G9 and hu3G9, respectively. The phenotype of β6

knockout mice exhibits similar pulmonary inflammation. Recovery from these
minimal effects was evident after an 8-week treatment free period in mice.
Toxicokinetic (TK) analyses confirmed exposure and accumulation (at high doses)
of the test article in both species. In conclusion, mu3G9 and hu3G9 at doses ≥ 10
mg/kg administered to mice and monkeys, respectively, caused minimal statistically
significant pulmonary inflammation and macrophage hypertrophy/ hyperplasia,
which was reversible in mice (recovery not measured in monkeys). Based on these
pilot toxicity study assessments, a no observable adverse effect level (NOAEL) can
be defined as 1 mg/kg mu3G9 in mice and 0.1 mg/kg hu3G9 in monkeys under
the conditions of these studies. These findings cannot be monitored in a clinical
setting, thus a valid biomarker of pulmonary inflammation is being pursued.
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ALDEHYDE DEHYDROGENASES EXPRESSION
DURING POSTNATAL DEVELOPMENT: LIVER VS.
LUNG

M. Yoon1, M. C. Madden2 and H. A. Barton3. 1NRC Research Associateship
Program, USEPA, Research Triangle Park, NC, 2NHEERL, USEPA, Research
Triangle Park, NC and 3NCCT, USEPA, Research Triangle Park, NC.
Aldehydes are highly reactive molecules present in the environment, and can be
produced during biotransformation of xenobiotics. Although the lung can be a
major target for aldehyde toxicity, development of aldehyde dehydrogenases
(ALDHs), which detoxify aldehydes, in lung has been poorly studied. The expression of ALDHs in liver and lung across ages (postnatal days 1, 8, 22, and 60) was
investigated in Wistar-Han rats using enzyme activity measurement and Western
blotting. ALDHs activity was measured with 10mM propanal or 50µM hexanal in
1000xg supernatant (S1), mitochondria, cytosol, and microsomes from liver and
lung. Total aldehyde oxidation capacity in liver develops with age, but stays constant in lung. In adult, the majority of hepatic ALDH activity was found in mitochondria while cytosolic ALDH activity was the highest contributor in lung.
However, the relative contribution of each subcellular fraction within a tissue
changed across ages suggesting an independent and a tissue-specific development of
ALDH isoforms. Temporal differences in the development between ALDH1 and
ALDH2 were investigated using Western blot analysis, which confirmed the relative expression of ALDH1 to ALDH2 changes according to developmental stages
with a tissue specific manner. The overall developmental profiles of ALDH expression in a tissue appears to be determined by the different composition of ALDH
isoforms within the tissue and their independent temporal and tissue-specific development indicating that in the case of aldehyde exposure, the in vivo responses
may be tissue and age-dependent. (Supported by EPA-NRC #CR82879001. This
abstract may not represent official EPA policy.)
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RECEPTOR-ACTIVATED SMAD AND CONNECTIVE
TISSUE GROWTH FACTOR LOCALIZATION IN THE
PULMONARY FIBROSIS

S. Asano, H. Higashiyama, D. Yoshimoto, Y. Okamoto, H. Kikkawa and M.
Kinoshita. Pharmacology Department, GlaxoSmithKline, Tsukuba Research
Laboratories, Ibaraki, Japan.
TGF-beta1 plays a prominent role in the development of pulmonary fibrosis
through activation of the receptor-activated Smads (R-Smads: Smad2 and 3). In addition, emerging evidence demonstrated that connective tissue growth factor
(CTGF), a potent profibrotic mediator, acts as a downstream factor for TGF-beta1.
To histopathologically assess the time course change of R-Smad and CTGF protein
localization in pulmonary fibrosis, we immunohistochemically investigated Smad3,
phospholyrated Smad2 (pSmad2), and CTGF expression using the Bleomycin-induced mice model. Pulmonary fibrosis was induced by intranasal injection of
Bleomycin (0.3 U/mouse). Lungs were isolated for histopathological and immunohistochemical studies 2, 5, 7, 9 and 14 days after Bleomycin treatment. The
Bleomycin treatment led to pulmonary fibrosis accompanied by an increase in
TGF-beta1 expression in infiltrating macrophages. With fibrosis progressing (day
7-14), a marked increase in Smad3- and pSmad2-positive cells was observed. There
were intense Smad3- and pSmad2-positive signals localized to the nuclei of the infiltrating macrophages and to type II epithelial cells, and less intense signals in fibroblasts and hyperplastic alveolar/bronchiolar epithelial cells. In parallel with RSmad activation, a marked increase in CTGF-positive cells was observed during day
7-14. Intense CTGF-positive signals were localized to the cytoplasm of type II alveolar epithelial cells, endothelial cells, bronchiolar epithelial cells and fibroblasts.
These data indicate that progressive enhancement of R-Smad activation and CTGF
expression plays an important role in the fibrosis progression. Moreover, this study
shows the shift of cells expressing R-Smad and CTGF during pulmonary fibrosis
development.
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EFFECT OF PROSTAGLANDINS ON MRP EXPRESSION
IN PRIMARY HUMAN LUNG CELLS

H. Foth, A. Raemisch, A. W. Torky and E. Stehfest. Environmental Toxicology,
University of Halle, Halle / Saale, Germany.
The efflux of toxic xenobiotics might be crucial for the ability of lung to cope with
stressors. The aim of the current study was to get insight into multidrug resistance
associated protein function and regulation by prostaglandins in human lung cells
during long term culture. We report on the options to obtain primary human
bronchial epithelial (NHBEC) and peripheral lung cells (PLC) from cases of open
chest surgery with lung resections and to use the specimens for long term follow up
in vitro. The permanent human lung cell line A549 tumor cells were taken a reference. The culture duration for a total number of 99 cases was substantial, more
than 54 % of bronchial cell culture could be followed for more than 3 generations
(more than 10 weeks), about 20 % of specimens were re-cultivated for more that 5
generations (more than 20 weeks). NHBECs and PLCs expressed MRP mRNA for
isoforms 1, 3, 4 lower than A 459, but for MRP5 mRNA levels were higher in primary lung cells. In NHBEC, PLC and A549 mRNA for MRPs 1, 3, 4 and 5 remained unchanged after treatment with prostaglandin F2a. After prostaglandin E2
MRP1 mRNA expression was increased in NBHECs but not in PLCs and A549.
MRP3 mRNA levels were increased by PGE2 in NHBEC (2.6 fold) and PLC (2.9
fold) compared to paired controls but the means were not significantly different.
MRP 1 transport was measured by 5,6-carboxy-2’7’-dichorofluorescein (CDF) efflux. The efflux kinetics of CDF were substantially fastened by PGE2. NHBECs
had the highest protein levels of prostaglandin receptor EP 1-4 compared with PLC
and A549. In PLC EP3 was expressed at almost the same level as in NHBECs,
while the level of EP1, EP2 and EP4 was about 25-35 % lower. Prostaglandin E2
had no own effect on caspase 3/7 and did not modulate the cadmium-induced caspase 3/7 activation in NHBECs. MRPs in bronchial epithelium are candidates for
an inflammation induced activation of MRP transport activity which in fact means
absorption of compounds from the epithelial lining into the body.
Supported by Philip Morris External Research Foundation
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ROLE OF CFTR IN THE LUNG’S GLUTATHIONE
ADAPTIVE RESPONSE TO CIGARETTE SMOKE AND
INHIBITION WITH MYCOPLASMA PNEUMONIAE
INFECTION

C. T. Kariya1, B. J. Day1, 2, R. Martin2 and H. Chu2. 1Toxicology, UCHSC,
Denver, CO and 2Medicine, NJMRC, Denver, CO.
The lung epithelial lining fluid (ELF) serves as the first line of defense against environmental agents (EA) and potential pathogens. It has been speculated that antioxidants play important roles in protecting the lung against these agents and in host
defense. EA such as cigarette smoke (CS) is known to elevate the levels of glutathione (GSH) in the ELF, although it is unclear what role this plays in the lung’s
ability to adapt to the damaging effects of CS. Little is currently known about how
the lung regulates the levels of these antioxidants in the ELF. Recent studies suggest
that the cystic fibrosis transmembrane conductance regulator protein (CFTR) is involved in the maintenance of the high levels of GSH in the ELF. Lung pathogens
such as Mycoplasma pneumoniae (Mp) have been shown to exacerbate airway inflammation associated with asthma. The purpose of these studies was to examine
the role of CFTR in adaptive responses following CS and Mp exposures both in
vitro and in vivo. Human lung epithelial cell lines sufficient (C38) and deficient
(IB3) in CFTR were exposed separately and in combination to cigarette smoke extract (CSE) and Mp for 48 hours. CSE elevated the extracellular levels of GSH 2fold in IB3 compared with a 3.5 fold increase in the CFTR competent cells (C38)
compared to controls and these increases were blocked in the Mp treatment groups.
BALB/c mice were exposed separately and in combination to CS and Mp for 2 and
4 months. CS exposure resulted in a 3.5-fold elevation in ELF GSH levels, which
was completely blocked in the Mp exposed mice. In addition, the CS/Mp exposed
mice had elevated oxidized glutathione (GSSG) and dramatic change in their ratio
of GSH/GSSG ratios. These studies suggest that CFTR plays an important role in
adaptive responses to EA and that Mp infection may interfere with the lung’s ability to response appropriately, resulting in lung inflammation and injury. The role of
GSH transporters requires further studies to better understand these mechanism(s).
(Supported in part from NIH grant HL075523A)
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ZINC INDUCES TRANSCRIPTIONAL ACTIVITY
THROUGH A NON-CANONICAL NF-κB ACTIVATION
PATHWAY

D. Cao2, Y. Kim1, W. Reed1, W. Wu1, I. Jaspers1, R. Silbajoris2 and J. M.
Samet2. 1UNC, Chapel Hill, NC and 2HSD, NHEERL, USEPA, Chapel Hill, NC.
Zinc is a ubiquitous metal present in ambient particulate matter (PM). Exposure to
Zn2+ is associated with inflammatory lung diseases such as asthma and metal fume
fever. NF-κB is an important transcription factor that regulates cytokine expression
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in response to extracellular stimuli. We observed that noncytotoxic exposures to
Zn2+ (50µM X 12 hr) increased NF-κB-dependent transcriptional activity 5-fold
over controls in the human airway epithelial cell line BEAS 2B transduced with a
5x tandem repeat of NF-κB-luciferase reporter construct . While Zn2+ exposure induced the phosphorylation of the upstream regulatory kinase IKK, it did not result
in IκBα degradation, a hallmark event in the activation of NF-κB. Furthermore,
we previously showed that Zn2+ exposure does not induce NF-κB DNA binding.
These data suggested that Zn2+ exposure induces NF-κB-dependent transcriptional
activity through a mechanism that is independent of the canonical NF-κB activation pathway. Therefore, we investigated the effect of Zn2+ treatment on alternate
mechanisms of NF-κB activation in BEAS 2B cells. Interestingly, we observed that
Zn2+ induces phosphorylation at Ser 276 in the Rel homology domain and Ser 529
and 536 in the transactivation domain of p65. Inhibition of ribosomal S6 kinase
1(RSK1) or casein kinase 2 activity significantly reduced p65 phosphorylation in
BEAS 2B cells. This work provides evidence that Zn2+-induced NF-κB activation
and transcriptional activity are mediated through an alternate mechanism that involves phosphorylation of p65. These findings are relevant to the mechanism of
toxicity of Zn2+ inhalation. THIS ABSTRACT OF A PROPOSED PRESENTATION DOES NOT NECESSARILY REFLECT EPA POLICY.
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ZN2+ -INDUCED IL-8 EXPRESSION INVOLVES AP-1,
ERK, AND JNK ACTIVITIES IN HUMAN AIRWAY
EPITHELIAL CELLS

Y. Kim1, W. Reed1, W. Wu1, P. A. Bromberg1, L. M. Graves1, I. Jaspers1 and
J. M. Samet2. 1UNC, Chapel Hill, NC and 2HSD, NHEERL, USEPA, Chapel
Hill, NC.
Exposure to zinc-laden particulate matter (PM) in ambient and occupational settings has been associated with adverse health effects including lung inflammation.
IL-8 is a potent pro-inflammatory cytokine in the human lung that recruits neutrophils and macrophages to the site of inflammation. We observed that noncytotoxic exposure to Zn2+ (50 µM 20 hr)induces IL-8 expression in mRNA and protein levels in a human airway epithelial cell line (BEAS 2B). Zn2+ exposure
significantly increased IL-8 promoter activity, as assessed in BEAS 2B cells expressing a promoter-reporter construct containing IL-8 promoter elements upstream of
an enhanced green fluorescence protein coding sequence. AP-1 is known to be an
important transcription factor in the regulation of the IL-8 gene transcription in
these cells. Mutation of the AP-1 response element in the IL-8 promoter significantly reduced Zn2+-induced IL-8 promoter reporter activity, suggesting that AP-1
mediates Zn2+-induced IL-8 promoter activity. Zn2+ induced the phosphorylation
of the AP-1 constituents c-Fos and c-Jun, as well as the MAPKs ERK and JNK.
Inhibition of ERK or JNK activity significantly reduced Zn2+-induced IL-8 mRNA
and protein expression. Interestingly, Zn2+ exposure resulted in impaired ERK- and
JNK-directed phosphatase activity which can lead to an accumulation of phosphorylation, resulting in activation of ERK and JNK. In vitro phosphatase assays
demonstrated that Zn2+ inhibits the activity MAPK phosphatase (MKP)-1, suggesting that Zn2+-induced inhibition of MKP-1 is the underlying mechanism responsible for Zn2+-induced ERK and JNK activation. These findings represent a
plausible mechanism for the adverse effects of Zn2+ inhalation. THIS ABSTRACT
OF A PROPOSED PRESENTATION DOES NOT NECESSARILY REFLECT
EPA POLICY.
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REGULATION BY COPPER OF THE EXPRESSION OF
LYSYL OXIDASE AND COLLAGEN IN CADMIUMRESISTANT RAT FETAL LUNG FIBROBLASTS

Y. Zhao1, S. Gao1, I. Chou2, P. Toselli1, P. Stone1 and W. Li1. 1Biochemistry,
Boston University School of Medicine, Boston, MA and 2Microbiology, Boston
University School of Medicine, Boston, MA.
To explore mechanisms of cadmium (Cd) injury to the lung extracellular matrix
(ECM) we developed Cd-resistant (CdR) cells derived from parental rat fetal lung
fibroblasts (RFL6) by exposure to graded concentrations of CdCl2 from 1 to 40
µM. CdR cells as a chronic Cd exposure model displayed an abnormal copper (Cu)
homeostasis due to elevated levels of cellular thiols and downregulation of lysyl oxidase (LO), a Cu-dependent enzyme essential for crosslinking of collagen in the
ECM. Here we report effects of exogenously added Cu on the restoration of LO
and its substrate collagen in CdR cells. Exposure of CdR cells to CuCl2 at 30, 100,
and 300 µM elevated LO activity levels to 381, 882 and 521% of the CdR basal
level, respectively. The peak increase of the LO activity by Cu in these cells
amounted to 88 ± 6% of the parental control (100 ± 8%). Cu at 100 and 300 µM
also increased LO mRNA levels to 2.9- and 2.2-fold of the CdR basal level, respectively. More 32 kDa mature LO was produced by and associated with CdR cells exposed to 100 µM Cu in comparison to that in cells without Cu treatment, reaching
63% of the parental control. Furthermore, Cu also markedly enhanced LO pro-
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moter activities in transiently transfected CdR cells consistent with its effects on the
LO mRNA expression. Thereby, Cu restored the LO expression in CdR cells at
multiple levels. With inhibition of LO, CdR cells also exhibited downregulation of
collagen. Restoration of LO by Cu was accompanied by increase in collagen synthesis in the CdR phenotype. These results suggest the critical role of Cu homeostasis in the LO expression and the ECM stabilization. Thus, replenishing Cu may
have a protective effect on Cd-insult to the lung ECM (Supported by NIH grant
R01-ES11340 & Philip Morris ERP).
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METALLOTHIONEIN DISULFIDES ARE PRESENT IN
METALLOTHIONEIN-OVEREXPRESSING TRANSGENIC
MOUSE HEART AND INCREASE UNDER CONDITIONS
OF OXIDATIVE STRESS

W. Feng1, F. W. Benz2, J. Cai2, W. M. Pierce2 and Y. Kang1, 2. 1Department of
Medicine, University of Louisville, Louisville, KY and 2Department of Pharmacology
and Toxicology, University of Louisville, Louisville, KY.
Metallothionein (MT) releases zinc under oxidative stress conditions in cultured
cells. The change in the MT molecule after zinc release in vivo is unknown although in vitro studies have identified MT disulfide bond formation. The present
study was undertaken to test the hypothesis that MT disulfide bond formation occurs in vivo. A cardiac-specific MT- overexpressing transgenic mouse model was
used. Mice were administered saline as a control or doxorubicin (20 mg/kg), which
is an effective anticancer drug but with severe cardiac toxicity at least partially due
to the generation of reactive oxygen species. A differential alkylation of cysteine
residues in MT of the heart extracts was performed. Free and metal-bound cysteines were first trapped by N-ethylmaleimide and the disulfide bonds were reduced
by dithiothreitol followed by alkylation with radiolabeled iodoacetamide. Analyses
of the differentially alkylated MTs in the heart extract by HPLC, SDS-PAGE,
Western blot and mass spectrometry revealed that disulfide bonds were present in
MT in vivo under both physiological and oxidative stress conditions. More disulfide bonds were found in MT under the oxidative stress conditions. The MT disulfide bonds were likely intramolecular and both α- and β-domains were involved in
the disulfide bond formation, although the α-domain appeared to be more easily
oxidized than the β-domain. The results suggest that under physiological conditions, the formation of MT disulfide bonds is involved in the regulation of zinc
homeostasis. Additional zinc release from MT under oxidative stress conditions is
accompanied by more MT disulfide bond formation.
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TOXICITY OF AMIODARONE AND
DESETHYLAMIODARONE IN HUMAN LUNG CELLS IN
VITRO; INVESTIGATION OF CYTOPROTECTION BY
NITRONES

J. L. Comeau, A. C. Nicolescu, J. F. Brien, W. J. Racz and T. E. Massey.
Pharmacology & Toxicology, Queen’s University, Kingston, ON, Canada.
Amiodarone (AM), a highly efficacious antidysrhythmic drug, can cause adverse effects including AM-induced pulmonary toxicity (AIPT). The major AM metabolite, desethylamiodarone (DEA), has been suggested to contribute to AIPT. The
cellular mechanism by which AM and DEA exert toxicity has not yet been elucidated, but it has been suggested that they form carbon-centered radicals that target
the mitochondria, resulting in cell death and initiating AIPT. The objective of this
study was to assess the cytoprotective potential of radical spin-trapping nitrones
against AM toxicity in a human lung cell line. Human peripheral lung epithelial
(HPL1A) cells were incubated with 0.01 to 1.0 mM AM or 0.005 to 0.5 mM DEA
for 4 or 24 hours and cell viability was determined using two assays: 3-[4,4-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide (MTT) reduction and lactate dehydrogenase (LDH) release. AM and DEA were cytotoxic to HPL1A cells in
a time- and concentration-dependent manner. In order to assess the effect of AM
and DEA on HPL1A cell redox activity, electron paramagnetic resonance (EPR)
experiments monitoring the reduction of tetramethyl-piperidine-1-oxyl
(TEMPO), a nitroxide, were performed. AM and DEA decreased the reduction of
TEMPO. The nitrones α-phenyl-N-t-butylnitrone (PBN), α-(4-pyridyl-1-oxide)N-t-butynitrone (POBN) and 5,5-dimethyl-1-pyrroline-N-oxide (DMPO) trap
O- and C-centered radicals and were tested for their potential cytoprotective effects. Incubation with 1.0 mM or 10 mM PBN, 5.0 mM POBN for 30 minutes
prior to addition of AM or DEA provided minimal protection at low concentrations of AM and DEA. However, 50mM DMPO provided more significant protection of AM and DEA. Results suggest that protection may be offered by spin traps
at low toxicant concentrations. Additionally, AM and DEA decrease cellular redox
activity, which could be related to impairment of mitochondria. Supported by
Canadian Institutes of Health Research Grant No. MOP-13257.
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FREE RADICAL PRODUCTION IN MITOCHONDRIA
EXPOSED TO AMIODARONE

A. C. Nicolescu, J. F. Brien, W. J. Racz and T. E. Massey. Pharmacology &
Toxicology, Queen’s University, Kingston, ON, Canada.
Amiodarone (AM) is a highly effective drug for the treatment of supraventricular
and ventricular dysrhythmias. Hepatic and pulmonary toxicity, however, limits the
therapeutic use of AM. Although the mechanism of AM toxicity in these target organs has not been established, several hypotheses have been advanced, including an
AM free radical-initiated and/or mediated pathway. Recently, growing evidence
also suggests that AM toxicity involves mitochondrial function impairment. The
current study tested the hypotheses that AM induces mitochondrial production of
free radicals, and that free iron ions (Fe(II)) are contributors to AM-generated free
radicals. Mitochondria from adult, male hamster liver were incubated with AM,
and the production of free radicals was determined using the spin trapping agent
DMPO (5,5-dimethyl-1-pyrroline-N-oxide) and electron paramagnetic resonance
(EPR) spectroscopy. EPR spectroscopy was also used to measure Fe(II)-induced free
radical production by AM in a simple chemical system. The effect of AM on the
redox activity of respiring mitochondria was measured by monitoring the rate of reduction of TEMPO (2,2,6,6-tetramethylpiperidine-N-oxide) nitroxide. AM increased the production of hydroxyl radicals in mitochondrial preparations and decreased mitochondrial reduction of TEMPO. In air-equilibrated buffer, and in the
presence of a hydrogen atom donor (ethanol) or hydroxyl radical scavenger (dimethyl sulfoxide), AM incubation with FeSO4 showed a two to three fold increase
of hydroxyl and/or AM radical production when compared with control. These results demonstrate that AM increases mitochondrial free radical production and decreases the mitochondrial redox activity. Furthermore, oxygen and free Fe(II) directly contribute to the production of hydroxyl and AM radicals. Collectively, the
data support the postulate that a free radical-initiated and/or mediated mechanism
may be involved in AM-induced toxicity in target organs. (Supported by the
Canadian Institutes of Health Research, Grant MOP-13257)
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MICROARRAY ANALYSIS OF PM-INDUCED GENE
EXPRESSION IN HUMAN BRONCHIAL EPITHELIAL
CELLS

M. T. Schmitt, L. A. Dailey, D. W. Graff and R. B. Devlin. NHEERL/HSD/CRB,
USEPA, Research Triangle Park, NC.
Ambient air particles (PM) are generally classified into 3 sizes; coarse (2.5 – 10µm),
fine (0.1 – 2.5µm), and ultrafine (<0.1µm). Each particle size is evolved from different sources and transformation processes (e.g., combustion vs. mechanical abrasion, and atmospheric conversion and transformation vs. direct release) and their
chemical compositions are quite different. The relative role each size fraction of PM
plays in causing adverse health effects is still not clear at this time. The purpose of
this study was to characterize global gene expression and cellular pathways associated with each of the PM size fractions and to potentially identify biomarkers of exposure or effect for individual PM components. Ambient PM was collected in 3
different size fractions from Chapel Hill air, particles were extracted from foam or
filter matrices and lyophilized. Human primary airway epithelial cells were exposed
to 250µg/ml for 6hrs. Human genome microarrays coupled with a commercially
available software package were used for gene expression analysis. Expression patterns were statistically evaluated at 3 significance levels, p<0.05, p<0.01, and
p<0.005 and differential expression examined at 1.5 fold change for each size fraction. There were 4851 genes that were significantly differentiated at p<0.05 with
470 that were differentially changed 1.5 fold over controls. Of these 470 differentially expressed genes 60, 154, and 100 were unique to the coarse, fine, and ultrafine PM fractions, respectively. Fine and ultrafine PM fractions differentially expressed 82 genes in common while coarse and ultrafine only shared 12 common
genes. Current analysis is focused on evaluation of cellular pathways activated by
each size fraction. Differentially expressed genes and pathways will also be compared with chemical components present in each of the size fractions. This abstract
of a proposed presentation does not necessarily reflect EPA policy.
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NORMAL GENE EXPRESSION IN MALE AND FEMALE
SPRAGUE DAWLEY RAT NASAL RESPIRATORY AND
OLFACTORY EPITHELIA

E. S. Roberts, N. V. Soucy, A. M. Bonner and D. C. Dorman. CIIT Centers for
Health Research, Research Triangle Park, NC.
The nasal epithelium is an important target site for chemically-induced toxicity and
carcinogenicity. Human epidemiological investigations and experimental laboratory animal studies show that the nasal olfactory epithelium is selectively damaged
by inhalation exposure to several chemicals, including vinyl acetate and hydrogen
sulfide. The reason for the relative sensitivity of the nasal olfactory epithelium is not
known. To understand the inherent susceptibility of the olfactory epithelium it is

necessary to establish baseline values for gene expression in this tissue. Therefore,
gene expression profiles from healthy male and female rats were constructed.
Epithelial cells were manually collected from the nasal septum, naso- and maxillaturbinates, and ethmoid turbinates of 9 male and 9 female rats. Gene expression
analysis was performed using the Affymetrix Rat Genome 430 2.0 microarray.
There were no gender differences in gene expression. However, 2991 probe sets
were up regulated and 3037 probe sets were down regulated in the olfactory compared to the respiratory epithelium. Gene ontology enrichment analysis identified
several significant functional categories including xenobiotic metabolism, cell cycle,
apoptosis, and ion channel/transport. This baseline data will contribute to our understanding of the normal physiology and selectivity of the nasal epithelial cells’ response to inhaled environmental toxicants.
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AIRWAY PROTEOMICS IN THE MOUSE LUNG: A
COMPARISON OF TWO APPROACHES AND THEIR
ABILITY TO DETECT SEX DIFFERENCES IN AIRWAY
PROTEINS

K. M. Sutherland, M. A. Isbell and L. S. Van Winkle. VM:APC/CHE, UC Davis,
Davis, CA.
Recent work in lung proteomics has resulted in a new method “lysis lavage” (LL)to
obtain proteins specifically from airway epithelium (Wheelock et al 2005). Another
approach is airway microdissection (MD) which results in retrieval of proteins from
the entire airway unit, including the airway wall. Previous work in our laboratory
has found differences in airway epithelial responses in male and female mice but
whether this is due to differences in the biology of the airways as a whole or is
unique to the epithelium has not been studied. As a first step towards defining the
differences between male and female airways, we designed a study to compare the
number of unique proteins obtained using these two different airway sampling approaches in male and female mice. Airways were microdissected and homogenized
in lysis buffer or proteins were obtained by the LL method. LL and MD samples
were separated on 18 cm pH 3-10 NL IPG strips with a total protein load of 200300 ug/strip. This was followed by 2D separation in 10%T duracryl acrylamide
gels. Gels were fixed, stained with silver nitrate and imaged. Gel images were analyzed with ProgenesisTM software. The total number of protein spots after correcting for background and noise was much greater on the LL samples (average of
1026) compared to the samples prepared by MD (average of 580). In general,
higher molecular weight acidic proteins were more abundant in the lysis lavage
samples. Female lysis lavage detected more low molecular weight basic proteins
than male lysis lavage. When comparing the MD female sample to the male MD
sample, 15% of the protein spots were unique by sex. Only 84 proteins were
unique to the MD samples, while LL samples contained greater than 40% unique
proteins. We conclude that the airway MD approach results in detection of fewer
rare epithelial proteins due to the large contribution of airway wall proteins to the
total protein load but that both sampling approaches can detect sex-differences in
airway protein expression. Support: NIEHS grants ES012720 and ES05707
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EVALUATION OF TWO MOUSE STRAINS AS
POTENTIAL MODEL SYSTEMS FOR CHRONIC
OBSTRUCTIVE PULMONARY DISEASE (COPD):
UTILIZATION OF MICROARRAY GENE EXPRESSION
ANALYSIS

R. Rooney1, D. Patel1 and S. Groom2. 1Genome Explorations, Memphis, TN and
2
Toxicology, Charles River Laboratories Preclinical Montréal, Senneville, QC, Canada.
Sponsor: M. Vezina.
Mouse strains reported as smoke sensitive (A/J) or smoke resistant (C57BL/6) were
exposed to cigarette smoke for 30 minutes a day over a two week period and various
characteristics pertaining to COPD, including lung pathology, macrophage infiltration, altered cytokine levels, and changes in gene expression were monitored.
No lung pathology was evident in either strain. However, smoke-exposed A/J mice
did exhibit a slightly higher incidence of macrophage infiltration and higher levels
of KC (Gro-α/CXCL1) and IL-10 proteins in their lungs.
Affymetrix GeneChip Mouse Genome 430 2.0 array analysis showed that transcript levels for KC and IL-10 did not exhibit robust changes. Transcripts for two
other recently reported biomarkers, Serpine2 and Rtp801 did not exhibit robust
changes though their trends were consistent with COPD. Examining global
changes, a 3-fold higher number of transcripts exhibited robust differential expression in A/J mice compared to C57BL/6 mice. Few transcripts were common to
both strains but gene ontology distributions for the two strains were similar with
cytoskeletal/morphology-related categories prominently represented and immune
system-related categories prominent in A/J mice.
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Differentially expressed genes common to human COPD patients and smoke-exposed A/J mice are also presented within the poster since from a discovery perspective, the mouse microarray data suggests interesting alterations in the expression of
genes related to cell morphology/cell motility, immune response, and perhaps circadian behavior. However, from the perspective of using the mouse model system for
the rapid screening of drug candidates for the treatment of COPD, although the
“smoke-sensitive” A/J mice may be the better candidate, the current experimental
paradigm does not adequately replicate the physiological and molecular characteristics of COPD.
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CARDIOVASCULAR AND RESPIRATORY VALIDATION
STUDY IN TELEMETERIZED CYNOMOLGUS
MONKEYS AND BEAGLE DOGS

J. S. Lafferty1, 2, N. Caya1, 2, J. Bultman2, J. K. Herman1, 2 and R. D. Sarazan1, 2.
1
Safety Pharmacology, Covance Laboratories, Madison, WI and 2Toxicology, Covance
Laboratories, Madison, WI.
In the current study, medetomidine and sotalol were used to validate the telemetry
procedures in cynomolgus monkeys and beagle dogs. A biopotential and dual pressure transmitter (Model # D70 PCTP) was implanted. The ECG leads were
arranged in an approximate Lead II configuration. One pressure catheter was
placed in an iliac artery while the other pressure catheter was placed under the
serosa of the esophagus and advanced until the tip was cranial to the diaphragm.
Medetomidine was used as a sedative to assess in respiratory output. Sotalol was
used to delay repolarization of the heart and thereby assess the quality of the electrocardiograph signal. In the initial phase, monkeys or beagle dogs were treated
with either vehicle (0.9% sterile saline) followed by 10 µg/kg IV of Medetomidine
once per hour for up to 4 hours. Atipamezole, was used to counteract the effects of
the Medetomidine. In the second phase, the effects of +/- Sotalol were examined.
Animals were dosed in a latin square cross-over design. Each animal was given one
dose of the vehicle or 5, 10, or 15 mg/kg of sotalol by oral gavage.
In Phase I, medetomidine induced a dose dependent sedation in the monkeys and
sedation following a single dose in the dogs. In the monkey, respiratory rate was reduced following medetomidine and this was reversed by the atipamezole. In the
freely moving beagle, the evaluation of the respiratory rate via intrathoracic pressure
is problematic due to its sensitivity to postural changes and to the other functions
of the dog respiratory system (thermoregulation, smelling, etc.). In Phase II, sotalol
induced an increase in corrected QT in both the dog and the monkey by 3 hours
post dose. In conclusion, the telemetry system is a sensitive assay and capable of
producing reliable ECG and pressure data for use on safety pharmacology studies.
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AN INTEGRATED CARDIOVASCULAR RISK
ASSESSMENT FOR SAFETY PHARMACOLOGY: IN-VIVO
AND IN-VITRO EFFECTS OF DL-SOTATOL AND
HALOPERIDOL

K. Norton1, S. Mason1, C. Banks1, D. Guergues2 and D. Salvail2. 1Toxicology,
Charles River Laboratories Preclinical Montréal, Senneville, QC, Canada and 2IPS
Therapeutique Inc., Sherbrooke, QC, Canada.
As per the ICH S7A&B guidelines for safety pharmacology studies, an integrated
approach for cardiovascular risk assessment is required to predict potential effects of
new drug candidates on the QT-interval. Current Industry practice is to collect
heart rate and ECG data in non-rodents using a range of telemetry devices, supplemented with in vitro studies such as action potential duration analyses and ion
channel inhibition assays. To demonstrate the predictive power of this approach,
two compounds known to prolong the QT-interval were tested for action potential
prolongation in dog ventricular tissues and for hERG inhibition using HEK-293
cells. Following these, in vivo studies were designed based on the in vitro data and
performed in conscious telemetered beagle dogs. 10 µM dl-sotalol induced 27 and
31% prolongation in APD60 and 90, repsectively, in dog ventricular muscle strips.
4 µg/mL haloperidol had the same effect, causing 7.3 and 12 % lengthening in
APD60 and 90.The same concentrations respectively induced 14 and 72 % inhibitions in hERG whole-cell currents, suggesting that the molecules could induce QT
prolongation in-vivo. To confirm this, dogs were dosed with 10 mg/kg oral dlSotalol and 3 mg/kg intravenous haloperidol and ECGs collected via telemetry for
up to 24 hours post dose. Dl-Sotalol caused up to 35 ms lengthening of the QT-interval and haloperidol induced approximately 22 ms change, confirming the prediction from the earlier work. These studies show that well designed in vitro assays
can yield results aiding in the design of subsequent in vivo tests. The ensuing co-ordination of results permits a better interpretation of the data and allows for the
emergence of an integrated cardiovascular risk profile as required by the safety pharmacology guidelines. Integrating risk assessment at the level of individual study design produces an overall result with much better predictive power than either of the
assays alone.
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A COST- AND TIME-EFFECTIVE QT-SCREEN
COMBINES IN-VIVO MEASUREMENTS IN GUINEAPIGS WITH IN-VITRO HERG CURRENT INHIBITION

N. Hebert1, D. Salvail2, S. Mason1, C. Banks1 and J. Layer2. 1Toxicology, Charles
River Laboratories Preclinical Montréal, Senneville, QC, Canada and 2IPS
Therapeutique Inc., Sherbrooke, QC, Canada.
The QT-screen package represents a combination of in-vivo animal and human
cell-based cardiovascular assays, assembled in the integrated context required by
regulatory guidelines ICH S7A&B. Studies using coordinated in-vivo doses and invitro concentrations predict the risk of cardiac adverse effects, and allow project
managers to select leads based on functional safety pharmacology data usually not
available this early in drug development. Dofetilide and terfenadine were used to illustrate the enhanced predictive power of this approach. Whereas dofetilide is a
known hERG inhibitor and QT prolonging agent, terfenadine is much more potent in whole-animal testing than predicted by the hERG assay alone. Both compounds were tested in a hERG assay using HEK-293 cells and exhibited IC50 values of 15 nM (terfenadine) and 102 nM (dofetilide), leading to the expectation that
terfenadine would display less cardiac toxicity in vivo than dofetilide. When administered to conscious telemetered guinea-pigs however, doses of 1.0 and 02
µg/kg i.v. terfenadine and dofetilide caused a 44 and 26 ms increase in the QT interval of the elecrocardiogram. These data show that both in vitro and in vivo studies of potential for cardiac toxicity should be performed in order to give an accurate
assessment of risk. When combined with the hERG assay, the telemetered guineapig was shown to be an excellent model for examination of effects on the electrocardiogram. Both assays are quick to perform and use relatively small amounts of
test article, and if performed at the start of drug development can give an early indicator of potential problems. Given that the QT screen provides data on both
human and animal electrophysiology, it has potential to add value to all pre-clinical
candidate molecules.
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OPTIMATISON OF A NON-INVASIVE TELEMETRY
SYSTEM FOR ELECTROCARDIOGRAM ASSESSMENT
IN DOGS: A 3-YEARS REVIEW

N. McMahon, J. Schofield, H. Prior, D. Hamre, D. Simpson, T. Hammond
and J. Valentin. Safety Pharmacology, Safety Assessment, AstraZeneca R&D,
Macclesfield, United Kingdom.
For the past three years, we have deployed a GLP-compliant non-invasive telemetry
system (EMKA Technologies, France) on non-clinical safety studies to acquire high
quality electrocardiograms (ECGs) from unrestrained conscious dogs for projects
with cardiovascular liabilities. Over the course of this time we have recorded over
10,000 hours of data (approximately 60 million complexes), from 17 studies. These
studies include three 1-month regulatory, ten 7-day and four investigative thus
gaining considerable expertise in method optimisation as described.
Acclimatisation to the telemetry jackets (Datesand™) and cervical collars
(Lomir™) is key to good signal quality. This procedure starts in our breeding unit
and continues, with increasing intensity, over a period of at least 3 weeks prior to
the first recording session. Initially starts as a 30 minute session, increasing 2 to3
times a week, until 8 hours is achieved. Adverse reaction to the jacket and collar can
be reduced and overcome by distraction and interaction techniques. Consistent
electrode positioning is achieved by locating and shaving the appropriate electrode
site at least every two weeks, to ensure reproducible lead placement. Repeated monitoring can be limited by skin irritation at the electrode site, however, if the frequency is restricted to a single day, with a recovery day between recordings and
paper electrodes are used, repeated recordings can be achieved for many weeks.
Power analysis of existing data is used to determine the magnitude of change in a
given parameter that can be detected for a given group size. This ensures the aims,
for a specific study, are achieved with the minimum number of dogs. A specific library of ECG complexes is generated from the pre-study data to ensure that analysis is accurate. During recordings, study procedures (e.g. husbandry) are synchronised to minimise disturbance. Optimisation of non-invasive telemetry is crucial to
enable high quality data and accurate ECG assessment on a range of dog safety
studies.
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CARDIOVASCULAR ASSESSMENT OF BICIFADINE HCL
IN CONSCIOUS, RADIOTELEMTRY-IMPLANTED
CYNOMOLGUS MONKEYS

M. V. Soloviev1, J. P. Tizzano4, L. Freshwater2 and J. Buelke-Sam3. 1WIL Research
Laboratories, LLC, Ashland, OH, 2BioSTAT Consultants, Portage, MI, 3Toxicology
Services, Greenfield, IN and 4DOV Pharmaceutical, Inc., Hackensack, NJ. Sponsor:
C. Chengelis.
Bicifadine HCl (DOV 220,075), a balanced serotonin and norepinephrine reuptake inhibitor, is in development for the treatment of both acute and chronic pain.
In this study, bicifadine was administered at single oral doses of 0, 15, 45 or 130

mg/kg to four male and four female cynomolgus monkeys according to a Latin
square design such that each radiotelemetry-implanted monkey received each dose
once, with a 7-day washout period between each administration. Heart rate (derived from arterial waveforms), arterial blood pressure (systolic, diastolic and calculated mean), body temperature and electrocardiogram waveform intervals (PR,
QRS, RR, QT and QTCF) were collected for a 30-second period every 10 minutes
for approximately 24 hours. Pre-dose and post-dose segments were defined, with
the post-dose segment subdivided into analysis phases and post-dose time intervals
(time after dose). A mean value was calculated for each pre-dose (baseline) and each
individual post-dose time interval on each test day. Cardiovascular parameters and
body temperature were evaluated, by analysis phase, using a repeated measure
analysis of covariance (RANCOVA), using baseline values as a covariate.
Treatment-related emesis and dilated pupils were observed at all doses, more frequently at the end of the study. There were no meaningful changes in PR, QRS or
QT/QTCF intervals indicative of an adverse treatment-related effect. Slight increases were noted in blood pressure parameters (8% to 19%) and heart rate (3% to
16%) with associated decreases in RR interval (3% to 15%) at 45 and/or 130
mg/kg. While these changes were statistically significant, all values remained within
the normal range for this specie and were not considered adverse. Therefore, the
NOEL for cardiovascular alterations was 15 mg/kg, and the NOAEL for cardiovascular toxicity was 130 mg/kg following acute oral administration of bicifadine HCl
to cynomolgus monkeys.
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RELATIONSHIP AMONG DRUG-INDUCED
PROLONGATION OF CORRECTED QT, OF
CORRECTED JT, AND DURATION FROM PEAK TO END
OF T-WAVE IN A TELEMETRY GUINEA PIG MODEL

M. Shiotani, T. Harada, J. Abe, Y. Hamada and I. Horii. Worldwide Safety
Sciences, Pfizer Global Research & Development, Nagoya Laboratories, Pfizer Inc.,
Aichi, Japan. Sponsor: M. Kurata.
Guinea pigs have constituted an attractive in vivo model to evaluate the effect of
newly discovered drugs on the QT interval because of their small size and an action
potential configuration similar to that of humans, as well as the availability of a lot
of in vitro data on this animal species. We have already validated a telemetry guinea
pig model for evaluating QT interval using 9-positive/2-negative reference compounds that are well known to/not to induce QT interval prolongation in humans.
Recently, the duration from the peak to the end of the T wave (Tp-e) is thought to
be a more accurate reflection of the heterogeneity of ventricular repolarization.
Moreover, JT interval has been proposed as a more appropriate measure of ventricular repolarization than QT interval. Using the data of reference compounds, we
investigated the relationship among the prolongation of the corrected QT (QTc),
the corrected JT (JTc) and the ratio of Tp-e/QT interval using our telemetry system in guinea pigs. In a previous study, 7 out of the 9 positive compounds were
found to significantly prolong the QTc, while the 2 negative compounds did not
prolong QTc. In the present analysis, the JTc prolongation basically correlated with
that of QTc, and some positive compounds prolonged JTc apparently much more
than QTc. The changes in Tp-e/QT ratio did not always correlate with those in
QTc, but the increase in the Tp-e/QT ratio was remarkable with 2 out of 9 positive
compounds. These analyses will provide an additional insight for the assessment of
QT interval in guinea pigs.
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TORSADOGENIC DRUGS INCREASE ELECTRICAL
ALTERNANS MEASURED IN LANGENDORFF
PERFUSED RABBIT HEARTS

J. Kramer1, A. Brown1, 2, G. Kirsch1 and T. Yang1. 1ChanTest Inc., Cleveland, OH
and 2Physiology & Biophysics, Case Western Reserve University, Cleveland, OH.
Prolongation of the QT interval (impaired repolarization) is used as a surrogate for
the proarrhythmic potential of nonantiarrhythmic drugs. Since the relationship between QT prolongation and arrhythmia is drug-dependent, it is necessarily empirical and must be determined experimentally. A strong predictor of proarrhythmia
due to impaired repolarization is electrical instability and we have developed an isolated, paced rabbit heart model to measure this property. Monophasic action potential duration (MAPD) alternans was measured in Langendorff-perfused rabbit
hearts in the presence of potent hERG blockers that are associated with TdP and
potent hERG blockers not associated with TdP. The average mean alternans values
in vehicle control were less than 5.3ms. E-4031 and cisapride have been associated
with TdP and have potent hERG IC50s (17nM and 34nM, respectively). E-4031
increased mean alternans up to 20.5ms and 59.7ms at concentrations of 5nM and
30nM, respectively. E-4031 also caused the development of early after depolarizations (EADs) and arrhythmias. Cisapride increased mean alternans up to 86.5ms
and 50.1ms at concentrations of 3nM and 30nM, respectively. Cisapride also
caused EADs to develop. Verapamil is a potent hERG blocker (IC50=360nM) but

is not associated with TdP. The mean alternans values after exposure to verapamil
(100nM-1000nM) were less than 6ms. In addition, verapamil did not induce any
EADs or arrhythmias. The proarrhythmic potential of potent hERG blockers or
QT prolonging drugs may be identified by MAPD alternans in Langendorff-perfused rabbit hearts.
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COMPARISON OF COMMON METHODS FOR QT
INTERVAL DATA CORRECTION AT HIGH HEART RATES

J. R. May, M. P. Benson, T. J. Baird and P. E. Newton. MPI Research,
Mattawan, MI.
Drugs that prolong the natural QT interval have been associated with the occurrence of potentially fatal arrhythmias, called “Torsades de Pointes”. Several drugs
have been recently withdrawn from the market for this reason. The QT interval is
heart rate dependent and varies inversely with changes in heart rate. To determine if
a drug adversely affects the natural QT interval, a correction must be applied to
compare the QT interval at different heart rates.
Freely moving Beagle dogs and Cynomolgus monkeys were monitored for an appropriate period to assess the natural change in QT interval associated with a wide
range of normal heart rates. The resultant data was used as a basis for comparisons
to the data obtained when these animals were administered methamphetamine, a
cardiovascular stimulant. Several common QT correction methods were applied
and ranked in accord with the baseline values.
In the dogs, 3.2 mg/kg methamphetamine produced a 50% increase in heart rate
with a 14% decrease in the uncorrected QT interval. The best correction was determined to be Spence, Miyasaki, and Tagawa (2% increase over the baseline QT interval associated with that heart rate), followed by Spence (3% increase), Van de
Water’s (22% increase), Fridericia’s (30% increase), and Bazett’s (51% increase).
In the monkeys, 3.2 mg/kg methamphetamine produced a 11% increase in heart
rate with a 3% decrease in the uncorrected QT interval. The best correction was determined to be Spence, Miyasaki, and Tagawa (1% decrease below the baseline QT
interval associated with that heart rate), followed by Spence (1% decrease), Van de
Water’s (37% increase), Fridericia’s (42% increase), and Bazett’s (55% increase).
In conclusion, the QT interval correction method of Spence, Miyasaki, and Tagawa
gave values that were closest to the values expected from a comparison with baseline
values. Values obtained by other common correction methods were as much as
55% higher than expected.
Supported under NIH/NIDA Contract N01DA-0-8805.
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EFFECTS OF INHALATION DOSING PROCEDURES ON
BASELINE CARDIOVASCULAR PARAMETERS AND
RESPONSE TO D, L-SOTALOL IN CONSCIOUS
TELEMETERED DOGS

K. G. Meecham, D. J. Beard, S. A. Moore, P. H. Davies and C. J. Hardy.
Huntingdon Life Sciences LTD., Huntingdon, United Kingdom.
Two randomised-dose studies, were conducted to assess the feasibility of performing telemetered cardiovascular studies in dogs using inhaled dose-delivery. In study
1, habituated animals were administered air or lactose powder (0.1, 0.3 and 1mg/L)
via a mask over 60 min. BP, HR and ECG were recorded during exposures and for
12 hours subsequently. In 3/4 dogs exposure to air or lactose induced pressor responses and mild tachycardia. No differences were observed between treatments
but the initial peak pressor responses observed on each occasion diminished consistently throughout inhalation exposures. After dosing, BP and HR returned rapidly
to pre-dose. In one animal a moderate positive chronotropic response was seen following lactose at 1mg/L (highest dose) and notably the animal received this concentration as its first dose. Although habituated this individual may have been
stressed by first exposure to high lactose concentration. On subsequent exposure
this dog’s HR response was more consistent with others but always remained above
the average. There was no evidence of lactose-induced changes in corrected QT
(QTcR). In a second study, animals were pre-dosed with vehicle (water) or d, l-sotalol (15 mg/kg) 30 minutes before exposure to air or air/lactose (0.3mg/L). Mild
pressor responses were again observed during inhalation, irrespective of treatment
but without notable HR increase indicating adequate habituation. Detection of the
negative chronotropic and QTcR prolonging actions of sotalol were not suppressed
by inhalation dosing procedures. It was concluded that adequate training to inhalation techniques minimises CV stress responses and administration of powdered
aerosols does not inhibit the detection of QT prolongation or chronotropic responses. The technique is not precluded for telemetric CV safety assessments but
caution is needed where high aerosol concentrations are administered. A rising-dose
design may be more appropriate to avoid giving maximum aerosol concentrations
as the first exposure.
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EFFECTS OF VERAPAMIL AND SOTALOL ON ECG
INTERVALS IN THE CONSCIOUS TELEMETERED
MINIPIG

D. J. Beard, P. H. Davies, K. G. Meecham and C. J. Hardy. Huntingdon Life
Sciences LTD., Huntingdon, United Kingdom.
Cardiovascular effects of acute oral doses of verapamil (7.5, 15 mg/kg) and d, l-sotalol (5, 12.5 mg/kg) were investigated in 2-male and 2-female telemetered minipigs to confirm the sensitivity of the species to QT-interval modifying agents and
their suitability for cardiovascular safety pharmacology assessment. Blood pressure,
heart rate and the ECG lead II were recorded for 12 hours once weekly following
vehicle (water), verapamil and sotalol, using a randomised design. Post-dose recording period was split into light and dark phases each of 6 hours. Sotalol (5 mg/kg),
produced a dose-related prolongation of uncorrected QT at 2, 4 and 6 hours after
dosing, significant at 6 hr post-dose (p<0.05). Sotalol (12.5 mg/kg), significantly
prolonged QT at 2 hr (p<0.01), 4 hr (p<0.05), 6 hr (p<0.001) post-dose and between 6 -12 hours (dark phase averaged trend, p<0.05). Verapamil (7.5 and 15
mg/kg) produced non-significant shortening of the QT interval up to 4 hr postdose. Subsequently, verapamil in comparison with vehicle, caused mild but statistically significant prolongation of QT after 6 hr (p<0.05 and p<0.01), after 7.5 and
15 mg/kg respectively. Corrected QT intervals (QTcR, from linear regression of
QT/RR) after 12.5 mg/kg sotalol indicated significant QTcR prolongation
(p<0.05) during light phase recording. QTcR prolongation was detected up to 12
hours post-dose (sotalol 12.5 mg/kg) but not after 5 mg/kg. Verapamil (7.5 and 15
mg/kg) did not produce statistically significant changes in QTcR. PR interval was
significantly prolonged by 12.5 mg/kg sotalol during both light and dark phases
(p<0.001, p<0.05 respectively) and by both doses of verapamil during light and
dark phases; 0-6 hr (p<0.01, p<0.001) and 6-12 h (p<0.05, p<0.05). No significant
changes in QRS interval were induced by verapamil or sotalol. This study demonstrated sensitivity of minipigs to the ECG interval-modifying effects of two standard cardioactive drugs and is considered a suitable species for consideration in preclinical cardiovascular safety studies where QT assessment is of importance.
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ALFUZOSIN TESTS POSITIVE IN NONCLINICAL ASSAYS

A. E. Lacerda1, Y. A. Kuryshev1, M. Renganathan1, H. Eng1, L. Dewey1, S. J.
Danthi1, J. W. Kramer1, T. Yang1 and A. M. Brown1, 2. 1ChanTest Inc., Cleveland,
OH and 2Physiology & Biophysics, Case Western Reserve University, Cleveland, OH.
Alfuzosin (A) is a selective alpha1-adrenergic receptor(α1 AR) blocker used for
treatment of benign prostatic hyperplasia since 1987 without adverse cardiac events
(ACEs). In a recent Phase 1 thorough clinical QT study (TCQS) A at four times
the therapeutic dose (40 mg) prolonged QTcF by 7.7 ms, exceeding the 5 ms
threshold for QT risk. The NDA included nonclinical studies of hERG block and
piglet Purkinje fiber repolarization that were negative. Discordance between the
nonclinical and clinical studies on A and vardenafil (V) provide the grounds for the
FDA proposal that all new drugs undergo a TCQS. The discordance for V has already been refuted (Fossa et al, 2005) and in the present study the discordance for
A is refuted. We measured A’s potency for block of the major cardiac ion channels,
modulation of the rabbit Purkinje fiber action potential, trafficking of hERG protein and QT interval in isolated perfused rabbit hearts. We found that A prolonged
APD and QT by 10-20% at a concentration of 300 nM which is three and thirty
times the total and free plasma Cmax values respectively after a dose of 40 mg in
man. The IC50 for block of hERG was 14 µM and trafficking of hERG was unaffected. At 300 nM A stimulated peak sodium (hHNa) current by about 10% and
produced prolonged bursts of HNa single channel at longer times. A had no significant effect on native L-type Ca channels. A is the first example of a non-antiarrhythmic drug that prolongs QT by increasing Na current. A is not torsadogenic
possibly because the increase in Na current is small and the drug also blocks α1
ARs. The results remove grounds for TCQS based on the claim of false negatives in
nonclinical tests for delayed repolarization. They emphasize the weakness of QT
prolongation as a surrogate for ACEs such as torsade de pointes.
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RESPIRATORY SAFETY PHARMACOLOGY STUDIES
USING SNOUT-ONLY PLETHYSMOGRAPHS AND
TELEMETRY FOR RECORDING INTRAPLEURAL
PRESSURE DURING IN CONSCIOUS CD RATS: A
VALIDATION STUDY USING AN AEROSOL OF
METHACHOLINE

R. M. Huckle, G. A. Graham, K. G. Meecham and C. J. Hardy. Huntingdon Life
Sciences LTD., Huntingdon, United Kingdom.
Respiratory Safety Pharmacology studies are generally performed in conscious animals with a non-invasive airway mechanics methodology using single chamber
whole body plethysmography. To meet the requirements of the ICH-S7A
Guideline stating that test drugs should be given via the intended clinical route, we
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have validated a snout-only plethysmography method allowing simultaneous inhalation exposure of test agent and continuous measurement of pulmonary ventilatory and mechanical function in conscious rats. After a sham dosing period of up to
60 min to acclimatise the animals to the restraining tubes, we examined the acute
effects of 0.9% w/v saline and rising concentrations of methacholine delivered by
aerosol. The effects on ventilatory function (rate (RR), tidal volume (TV) and
minute volume (MV)) were measured by plethysmography and mechanical function (dynamic compliance (Cdyn) and resistance (Res)) from intrapleural pressure
in 4 conscious adult male CD rats. Intrapleural pressure was measured by the implantation of a radiotelemetry transmitter with pressure sensitive catheter beneath
sited within the serosal layer of the oesophagus in the pleural cavity. Ventilatory and
intrapleural pressure waveforms were simultaneously and continuously captured
during aerosol exposure.
Methacholine is a bronchoconstrictor used in the clinic to establish ventilatory
function and airway hyperreactivity. Increasing concentrations (3, 10 and 30
mg/ml) of methacholine delivered by aerosol to the rat by snout-only exposure decreased RR, MV and dynamic compliance in a concentration dependant manner.
Resistance also increased with increasing methacholine exposure.
In conclusion, we showed that this method of measuring respiratory parameters
during inhalation exposure to conscious and restrained rats can provide accurate
and reliable data to examine the acute effects of NCEs on pulmonary function as
part of the ICH-S7A Core Battery of tests.
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A COMPARISON OF HEART RATE AND ECG DATA
COLLECTED USING THE VIVOMETRICS LIFESHIRTÂ
AND A STANDARD DSI TELEMETRY DEVICE

H. Penton1, S. Mason1, K. Norton1, C. Banks1 and A. Derchak2. 1Toxicology,
Charles River Labs, Senneville, QC, Canada and 2VivoMetrics, Ventura, CA.
In compliance with ICH S7A guideline for safety pharmacology studies, heart rate
and ECG data are often collected in non-rodents using a range of telemetry devices.
There can be drawbacks to the use of these systems however, as they are relatively
expensive and involve invasive surgeries for implantation. In addition, continuous
monitoring can often be limited by implant battery life, meaning the devices must
be replaced after a few months. To investigate an alternative to implant-based
telemetry, cardiovascular data were collected in conscious, ambulatory dogs and
monkeys using the VivoMetrics LifeShirtâ system with ECG leads in a modified
Lead II configuration. These animals had already been instrumented with DSI TL
11-D70PCT devices, and cardiovascular data was collected simultaneously using
both the LifeShirtâ and Gould Ponemah V4.1 to allow a direct comparison between the two methods. Heart rates measured using both systems were in the range
approximately 60 to 180 beats/min, and over a 24-hour period there was a good
correlation between the telemetry and LifeShirtâ systems. Animal activity was also
monitored during this period by using an accelerometer built into the LifeShirtâ
and there was significantly less movement-related artifact seen in the LifeShirtâ data
than from the telemetry device where ECG leads were implanted intramuscularly.
Selected ECGs from the LifeShirtâ were also evaluated for waveform morphology
and were shown to be of sufficient quality for quantitative analysis, particularly during those periods of little or no activity indicated by the accelerometer. In summary,
this evaluation demonstrated the ability of the LifeShirtâ to collect accurate ECG
data in non-rodents in safety pharmacology studies, and the potential for use as a
system for periodic cardiovascular data collection from ambulatory animals on
long-term toxicology studies.
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INTEGRATED NONCLINICAL CARDIOVASCULAR
SAFETY EVALUATION OF A MIXED ION CHANNEL
INHIBITOR

R. Peri, A. K. Gupta, S. R. Arthur, S. V. Mandlekar, G. Cornelius, J. Zhu, E.
Burnett, L. Sun, D. Li, P. C. Levesque, B. D. Car and B. Gemzik. Bristol-Myers
Squibb, Princeton, NJ.
Cellular electrophysiology and canine cardiovascular (CV) telemetry studies were
conducted to evaluate the profile of a novel potent and selective antagonist of the
CC-chemokine receptor-3 (DIN-106935 (D), N-(ureidoalkyl)-3-benzylpiperidine). D inhibited potassium (hERG/IKr) currents (IC50=73 nM), L- and T-type
calcium currents (IC50=1.3 and 0.9 µM) and completely inhibited sodium channel currents at a concentration of 10 µM). In the rabbit Purkinje fiber action potential assay, Vmax was decreased and APD90 was increased at ≥3 µM. A mild
APD90 prolongation (≈20% at 30 µM) despite potent hERG current inhibition
may be attributed to mixed ion channel inhibition. In a telemetry study in conscious instrumented beagle dogs (30 mg/kg/day orally for 3 days with a 2-day recovery period), a moderate decrease in mean +dP/dt (≈20%) and increases in mean
QRS (≈10 msec) and QTc (Van de Water) (≈15 msec) were seen. Slight increases in
P-width, PR interval and heart rate were also present. Overall, these changes reflect
the electrophysiology findings of sodium, calcium and potassium (IKr) inhibition.
There were no changes in mean systolic, diastolic and LVEDP pressures or in mean

activity. All changes reversed during the recovery interval. Effects generally correlated with systemic exposure to D, collected as a limited profile within the context
of the study, and approximated in vitro active concentrations on a free (unbound)
basis. While a pharmacologically active metabolite of D present in dog and human
liver microsomal incubations also showed activity in the hERG (IC50=167 nM)
and Purkinje fiber assays (decreased Vmax; increased APD90 at ≥10 µM), low
plasma concentrations (<2% of parent) as monitored in the telemetry study indicated that this metabolite was an unlikely contributor to the CV profile in dogs.
The combined in vitro and in vivo CV profile developed for D was consistent with
mixed ion channel inhibition and was used to provide perspective for development
considerations as well as guide chemotype evolution.
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CARDIAC ION CHANNEL APPLICATIONS OF
PATCHXPRESS® AUTOMATED ELECTROPHYSIOLOGY
Y. A. Kuryshev1, J. Brimecombe1, G. E. Kirsch1 and A. M. Brown1, 2. 1ChanTest
Inc., Cleveland, OH and 2Physiology & Biophysics, Case Western Reserve University,
Cleveland, OH.
Nonclinical evaluation of compounds for potentially cardiotoxic interaction with
ion channels has undergone rapid progress with the commercial release of automated patch clamp systems. We selected PatchXpress® (PX) as a platform
(FastPatch™) for the development of accurate, rapid voltage clamp analysis of cardiac ionic currents, expressed in either heterologous cell lines, or in native cardiomyocytes. Validation of our automated hERG potassium channel assay has been
performed using a panel of eight well-characterized compounds in a side-by-side
comparison with manual patch clamp (MPC). PX IC50 values varied no more than
two-fold from those obtained in MPC, with the exception of astemizole (2.8-fold
less potent in PX). The discrepancy may be attributed to hydrophobicity-related
(astemizole cLogP = 5.7) loss due to adsorption within the PX apparatus. In addition to hERG channels, the PX system has been adapted successfully to record
hKv1.5 potassium channel currents and hNav1.5 sodium channel currents heterologously expressed in L cells and HEK293 cells, respectively. Neonatal rat ventricular myocytes also have been shown to be amenable to sodium channel current
recording, demonstrating the utility of the system for recording native ionic currents. We conclude that the PX system is suitable for the purpose of rapid assessment of cardiac ion channel safety pharmacology.
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SAFETY PHARMACOLOGY: IN VITRO AND EX VIVO
EFFECTS OF URIDINE TRIPHOSPHATE ON CARDIAC
ELECTROPHYSIOLOGY AND HEMODYNAMICS
D. Salvail2, M. R. Gralinski1, E. Tanhehco1 and G. Page2. 1Cordynamics Inc.,
Chicago, IL and 2IPS Therapeutique Inc., Sherbrooke, QC, Canada.
Guidelines ICH S7A&B studies underline the importance of complementary cardiovascular safety pharmacology studies when necessary to identify the mechanisms
by which adverse effects may arise during exposure to drug candidates. In addition
to in vivo ECG monitoring and analysis, as well as in vitro hERG inhibition quantification, action potential analysis in isolated tissues and organs have demonstrated
the enhanced predictive power of coordinated complementary assays. This integrated approach to both core studies and complementary assays was used to identify the mechanism by which uridine triphosphate (UTP, a naturally occurring triphosphate nucleotide similar to ATP) blocks the automatic, proarrhythmic activity
resulting from elevated isoproterenol levels. Rabbit ventricular action potentials
were measured in the presense of increasing concentrations of isoproterenol (1, 10
100 µM) in order to generate ectopic automaticity in action potential firing. The
same concentrations were then introduced in the presence of 100 µM UTP.
Spontaneous activity was decreased by 51%, and the diastolic interval was lengthened by 83%. This suggests that circulating UTP might have an anti-dysrhythmic
effect on the heart. Electrocardiograms and monophasic action potentials were
measured on Langendorff isolated rabbit hearts in order to confirm this theory.
Following a control period, increasing concentrations of isoproterenol were introduced in the perfusion to generate ectopic activity. Similar concentrations were
then introduced in the presence of 100 µM UTP, yielding results related to the
aforementioned in vitro dataset, as well as increased ventricular contractile force.
These studies show that well-designed, coordinated complementary studies can facilitate the interpretation of the observations made during core-battery testing, as
well as identify the mechanisms of toxicity which are necessary to establish an integrated cardiovascular risk profile for new drug candidates.

665

EFFECTS OF BICIFADINE HCL ON CLONED HERG
CHANNELS EXPRESSED IN MAMMALIAN CELLS
J. Brimecombe3, G. E. Kirsch3, H. Erickson3, G. J. Schaefer1 and J. P. Tizzano2.
1
WIL Research Laboratories, LLC, Ashland, OH, 2DOV Pharmaceutical, Inc.,
Hackensack, NJ and 3ChanTest, Inc., Cleveland, OH.
Bicifadine HCl (DOV 220,075), a balanced serotonin and norepinephrine reuptake inhibitor, is in development for the treatment of pain. Clinical and preclinical
studies indicate bicifadine HCl is a “broad spectrum” analgesic, effective in treating

both acute (eg, post-surgical) and chronic (eg, neuropathic) pain. The objective of
this study was to examine the in vitro concentration-response relationship of bicifadine on ionic currents in voltage-clamped human embryonic kidney cells
(HEK293) that express the human ether-a-go-go-related gene (hERG). The vehicle
only (HEPES-buffered saline), and a positive control (terfenadine at 60 nM) were
also evaluated. Four concentrations of bicifadine HCl (10, 30, 100 and 300 µM)
were tested. All test and control solutions contained 0.1% DMSO and were prepared from stock solutions on a daily basis. Cells stably expressing hERG were held
at -80 mV. Onset and steady state block of hERG current due to DOV 220,075
was measured using a pulse pattern with fixed amplitudes (conditioning prepulse:
+20 mV for 1 sec; repolarizing test ramp to –80 mV ( 0.5 V/s) repeated at 5 s intervals. Each recording ended with a final application of a supramaximal concentration of the reference substance (E-4031, 500 nM), to assess the contribution of endogenous currents. The remaining unblocked current was subtracted off-line
digitally from the data to determine the potency of the test substance for hERG inhibition. Bicifadine inhibited hERG current by (mean + SEM) 16.5 + 0.6%, 39.4
+ 2.1%, 69.8 + 1.6% and 88.5 + 0.6% at 10, 30, 100 and 300 µM, respectively.
The positive control (60 nM terfenadine) inhibited hERG current by 74.7 + 3.7%
under identical experimental conditions. The IC50 for the effect of bicifadine on
hERG current was 45.2 µM (Hill coefficient = 1). Based on the hERG IC50 value
and the free plasma concentration of bicifadine in humans, the provisional safety
margin for bicifadine was estimated to be >175.

666

INHIBITION OF HERG TRAFFICKING BY CARDIAC
GLYCOSIDES

B. Wible1, Y. Kuryshev1, P. Hawryluk1 and A. M. Brown1, 2. 1ChanTest Inc.,
Cleveland, OH and 2Physiology & Biophysics, Case Western Reserve University,
Cleveland, OH.
Cardiac glycosides such as the digitalis derivatives, digoxin and digitoxin, are used
to treat heart failure. Partial block of the Na+-K+-ATPase at therapeutic concentrations of these drugs results in enhanced contraction and a positive benefit for patients. Both drugs have a narrow therapeutic window, however, with arrhythmias
and sudden cardiac death a serious risk at elevated concentrations. The hERG
potassium channel is the most common molecular target for drug-induced cardiac
abnormalities. HERG block can lead to torsades de pointes arrhythmias and sudden cardiac death. We have shown recently that some compounds in clinical use including arsenic trioxide and pentamidine affect the hERG channel not by blocking
it directly, but by inhibiting the trafficking of the channel. The net result is fewer
hERG channels at the cell surface. Using our HERG-Lite assay to predict both
blockers and trafficking inhibitors, we examined the effects of a panel of cardiac
glycosides including digoxin and digitoxin on hERG. HERG-Lite showed that cardiac glycosides are not direct hERG blockers but are very potent (in the nanomolar
range) traffic inhibitors. The lack of direct block was confirmed by patch-clamp
electrophysiology in HEK293 cells overexpressing hERG. Overnight exposure of
cells to concentrations of digitoxin close to the therapeutic range (30 nM) reduced
hERG expression at the cell surface by ~70%. Western blot analysis indicated that
hERG exit from the endoplasmic reticulum is restricted by these drugs. Overnight
incubation of guinea pig myocytes with digoxin at 100 nM prolonged action potential duration and reduced sensitivity to the hERG blocker E4031, consistent
with fewer hERG channels at the myocyte surface. Our results add cardiac glycosides to the list of compounds that affect hERG by trafficking inhibition rather
than block, and suggest that their cardiotoxicity may be mediated in part by effects
on the hERG channel.

667

INHIBITORY EFFECTS OF PDE INHIBITORS ON HERG
CURRENTS; DOES PKA REGULATE HERG CHANNEL
ACTIVITY?

K. Yunomae, S. Ichisaki, J. Matsuo, M. Haruyama, S. Nagayama, T. Susumu,
K. Fukuzaki, R. Nagata and G. Kito. SNBL DSR, Kagoshima, Japan.
It is presumed that PDE inhibitors have two mechanisms for inhibition of hERG
currents in cells: direct channel block, and downregulation of hERG activities by
PKA-dependent pathway mediated phosphorylation through their inhibitory effects against PDE enzymes. However, it is unknown whether PDE enzyme inhibition contributes to the inhibitory effects of PDE inhibitors on hERG currents. In
this study, we examined the effects of various PDE inhibitors on hERG currents by
patch-clamp techniques. We also investigated the contribution of the PKA-dependent pathway to the inhibitory effects of PDE inhibitors on hERG currents.
[Methods] PDE inhibitors used in this study were vinpocetine, erythro-9-(2-hydroxy-3-nonyl) adenine (EHNA), vesnarinone, amrinone, milrinone, rolipram,
dipyridamole and zaprinast. We evaluated hERG currents using both the whole-cell
and perforated patch-clamp techniques in hERG transfected CHO-K1 cells.
[Results] Among the PDE inhibitors tested, vinpocetine, EHNA, vesnarinone,
rolipram and dipyridamole decreased hERG current in a concentration-dependent
manner. Vinpocetine and vesnarinone markedly decreased hERG current with
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IC50 of 0.13 and 20.6 µM, respectively, at comparatively low concentrations.
Furthermore, vinpocetine caused a cumulative block of hERG current. Conversely,
milrinone, amrinone and zaprinast had no effect on hERG current up to 100 µM.
Of the PDE3 inhibitors including vesnarinone, amrinone, and milrinone, only vesnarinone showed hERG inhibitory effect. The inhibitory effects of vinpocetine and
vesnarinone were not significantly affected by the co-application of protein kinase
inhibitors (H-89 and staurosporine). Primarily, the protein kinase activators (8BrcAMP and forskolin) had no effect on hERG currents.
[Conclusion] We concluded that vinpocetine and vesnarinone block the hERG
channel directly, and that the inhibitory effect on intracellular PDE enzymes in the
PKA-dependent pathway may not be involved in the inhibition of hERG currents
in hERG transfected CHO-K1 cells.
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A COMBINED QUANTITATIVE STRUCTURE ACTIVITY
RELATIONSHIP AND SYSTEMS BIOLOGY APPROACH
TO DRUG METABOLISM AND TOXICITY ASSESSMENT

S. Ekins1, 2, S. Andreyev1, A. Ryabov1, E. Kirillov1, E. Rakhmatulin1, S.
Sorokina1, A. Bugrim1 and T. Nikolskaya1. 1GeneGo Inc., St Joseph, MI and
2
School of Pharmacy, Department of Pharmaceutical Sciences, University of
Maryland, Baltimore, MD. Sponsor: C. Giroux.
The challenge of predicting the metabolism or toxicity of a drug in humans has
been approached using multiple experimental technologies and more recently computational approaches. Understanding the complexity of biological systems requires
a broader perspective rather than focusing on just one method in isolation for prediction. In the field of drug metabolism and toxicology we have seen the growth in
recent years of computational quantitative structure activity relationships (QSAR)
as well as empirical data from microarrays. In the current study we have further developed a novel computational approach MetaDrugTM that: 1) predicts metabolites for molecules based on their chemical structure, 2) predicts the activity of the
original compound and its metabolites with various ADME/Tox models, 3) incorporates the predictions with human cell signaling and metabolic pathways and networks and 4) integrates networks and metabolites, with relevant toxicogenomic or
other high throughput data. We have demonstrated the utility of such an approach
using recently published data from in vitro metabolism and microarray studies for
Aprepitant, L-742694, Trovofloxacin, 4-hydroxytamoxifen and artemisinin to
show the predicted interactions with cytochrome P450s, the pregnane X-receptor
and P-glycoprotein, the metabolites and the networks of genes that are affected.
The Artmesinin analog microarray dataset was linked to metabolism, cell cycle and
oxidative stress GO processes, correlating well with the observations of cytotoxicity
observed from clustering microarray data, and metabolism in human cells. In parallel the interaction with cytochrome P450s was also predicted and visualized. This
represents an example of how the combination of QSAR and systems biology
methods may additionally provide insights for toxicity assessment, over individual
techniques.
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COULD EMERGING GENOMIC TOOLS ASSIST IN
UNDERSTANDING THE MECHANISMS OF ACTION OF
INSECTICIDE SYNERGISTS?

S. Ramasamy and J. Doherty. OPPTS, USEPA, Arlington, VA.
PBO (Piperonyl butoxide, α-[2-(2-butoxyethoxy)ethoxy]-4,5-methylenedioxy-2propyltoluene), and MGK-264 (N-octyl bicycloheptene dicarboximide) are insecticide synergists used in many formulations containing pyrethrins and pyrethroids.
The ability of these compounds to inhibit MFO (mixed function oxidases) in insects at much lower doses compared to mammals renders these effective insecticide
synergists. It is not clear if both of these synergists share the same mechanisms of action. The evidence that PBO inhibits mammalian MFO is extensive but that for
MGK-264 is limited. The ability of PBO to inhibit MFO is frequently exploited in
in vivo drug metabolism studies to determine the therapeutic or toxicity potential
of drugs. There are several forms of cytochrome p450 enzymes which constitute
MFO and play an important role in the metabolism of endogenous substrates such
as steroids, hormones, fatty acids in addition to metabolism of drugs or xenobiotics.
It appears that the action of PBO on MFO is biphasic and depends upon the duration of the treatment (i.e., initial inhibition within one hour and recovery and stimulation of enzyme activities at or above 24 hours). Recent studies explored the
mechanism of regulation of certain cytochrome P450 isozymes (e.g.,CYP1A1,
CYP1A2, CYP2B10) in response to PBO in mouse models and reported increases
in mRNA and protein levels and enzyme activities. In addition to the duration of
treatment, the tissue specificities in response to PBO on MFO might influence the
metabolism of endogenous as well as exogenous substrates. The emerging high
throughput tools in genomics might provide additional insight in elucidating differences in the mechanism of action between PBO and MGK-264 and in determining the safety of the insecticide synergists.
[Disclaimer: The information presented does not represent the Agency’s policy]
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ONCOGENIC SIGNALING PATHWAYS ACTIVATED IN
DMBA-INDUCED MAMMARY TUMORS IN MICE

S. E. Solomon1, N. Currier3, D. Seldin3, 1 and D. Sherr2, 1. 1Pathology, Boston
University School of Medicine, Boston, MA, 2Environmental Health, Boston
University School of Public Health, Boston, MA and 3Medicine, Boston University
School of Medicine, Boston, MA.
Breast cancer is the second leading cause of cancer mortality in woman, yet our understanding of the mechanisms of mammary tumorigenesis is still incomplete.
Extensive investigation has identified a number of heritable breast cancer susceptibility genes but these appear to play a minor role and account for approximately
5% of cancer cases while the majorities are considered sporadic. Sporadic breast
cancer incidence varies with diet and other environmental influences, including exposure to carcinogens. However, the effects of environmental carcinogens on cell
growth control pathways are poorly understood. One of the more common classes
of environmental carcinogens is the polycyclic aromatic hydrocarbons (PAH). They
have been implicated in mammary tumorigenesis by epidemiological and laboratory studies. DMBA (7,12-dimethylbenz[a]anthracene) is a prototypical PAH that
has been used to promote tumors in laboratory animals and is thought to promote
tumor formation by direct DNA damage and indirectly by the activation of the aryl
hydrocarbon receptor (AhR). Thus, we have examined oncogenic signaling pathways that are activated in mammary tumors in mice treated with DMBA. Female
FVB mice were given six weekly doses of 1 mg of DMBA by gavage and then bred
continuously, subsequently tumors arose at a median latency of 20 weeks but every
mouse had developed tumors by 30 weeks, with 75% of all cancers being mammary
tumors of varying histologies. The activation of oncogenic pathways including
those involved in hydrocarbon signaling and Wnt signaling were assessed. Real time
PCR and immunoblot analyses demonstrated up-regulation of the AhR and its cytochrome p450 target enzyme CYP1B1. Activation of the Wnt transcriptional cofactor beta-catenin and its target cyclin D1 were additionally analyzed. These data
suggest that environmental carcinogens can transform the mammary epithelium by
producing long-lasting alterations in growth and anti-apoptotic pathways.
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INSULIN SIGNALING IN REGULATION OF ALPHACLASS GLUTATHIONE S-TRANSFERASE EXPRESSION
IN PRIMARY CULTURED RAT HEPATOCYTES

S. K. Kim1, M. A. Abdelmegeed2, S. Oh1 and R. F. Novak2. 1College of Pharmacy,
Chungnam National University, Deajeon, South Korea and 2Institute of
Environmental Health Sciences, Wayne State University, Detroit, MI.
We previously reported that insulin and glucagon regulate, in an opposing manner,
the expression of alpha-class glutathione S-transferases (GSTs), and that cyclic
AMP and protein kinase A play an essential role in mediating the inhibitory effect
of glucagon on GST expression in primary cultured rat hepatocytes (Kim et al.,
2003b). The signaling pathways involved in the regulation of alpha-class GST in
response to insulin were examined in primary cultured rat hepatocytes. Protein levels of GSTA1/2 and GSTA3/5, and activity of GST toward 7-chloro-4-nitrobenzo2-oxa-1,3-diazole (NBD) were increased in an insulin concentration-dependent
manner. Treatment with the phosphatidylinositol 3-kinase (PI3K) inhibitors, wortmannin and LY294002, or rapamycin, an inhibitor of mTOR and ribosomal p70
S6 kinase (p70S6K) phosphorylation, and infection with the adenovirus containing
a dominant negative and kinase-dead Akt, inhibited the insulin-mediated increase
in alpha-class GST expression and GST activity toward NBD. PD98059, an inhibitor of mitogen-activated protein kinase kinase, SP600125, an inhibitor of c-Jun
N-terminal kinase, SB203580, an inhibitor of p38 mitogen activated protein kinase and bisindolylmaleimide, a broad spectrum inhibitor of protein kinase C
failed to inhibit the insulin-mediated increase in alpha-class GST protein levels.
These results, especially in conjunction with our previous studies demonstrating
the signaling pathways involved in insulin-mediated elevation of microsomal epoxide hydrolase and gamma-glutamylcysteine ligase expression, suggest that
PI3K/Akt/p70S6K signaling is active in the insulin-mediated up-regulation of antioxidant defense system and that diabetic conditions may lower alpha-class GSTs
and the cellular defense against xenobiotic-mediated or oxidative stress-mediated
damage.
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ROLE OF GLUTATHIONE CONJUGATION IN THE
HEPATOTOXICITY AND IMMUNOTOXICITY
INDUCED BY 1-BROMOPROPANE IN FEMALE BALB/C
MICE

S. Lee1, T. Jeon1, Y. Kim2, E. Lee1 and T. Jeong1. 1College of Pharmacy,
Yeungnam University, Gyeongsan, South Korea and 2Korea Institute of Toxicology,
Daejon, South Korea.
1-Bromopropane (1-BP) was used as a cleaning agent or adhesive solvent in the
workplace. In the present study, the hepatotoxic and immunotoxic effects of 1-BP
and its conjugation with glutathione (GSH) were investigated in female BALB/c

mice. The animals were treated once orally with 200, 500 and 1000 mg/kg of 1-BP
in corn oil for a dose response study or treated orally with 1000 mg/kg of 1-BP for
6, 12, 24 and 48 h for a time course study. The hepatic and splenic contents of
GSH were significantly decreased by 1-BP in a dose-dependent manner. The Spropyl GSH was identified in livers following the treatment with 1-BP by liquid
chromatography-electrospray ionization tandem mass spectrometry. When the production of conjugates from 1-BP was investigated in livers following an oral treatment with 1000 mg/kg of 1-BP for 6, 12, 24 and 48 h, the GSH conjugates were
detected maximally 6 hr after the treatment. Treatment of mice with 1-BP increased
the serum activity of alanine aminotransferase dose-dependently. An oral 1-BP
treatment significantly suppressed the antibody response to a T-dependent antigen
and the production of splenic intracellular IL-2 in response to Con A in a dose-dependent manner. Our present results suggested that 1-BP could cause hepatotoxicity and immunotoxicity due to a depletion of GSH content following the formation of GSH conjugates with 1-BP in female BALB/c mice. (Supported by the
grant from National Institute of Toxicological Research, KFDA).
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CHARACTERIZATION OF HEPATIC AND OLFACTORY
GLUTATHIONE S-TRANSFERASES OF COHO SALMON
(ONCORHYNCHUS KISUTCH)

M. Trute, H. LaVire, P. Janssen and E. Gallagher. Department of Environmental
and Occupational Health Sciences, University of Washington, Seattle, WA.
Coho salmon are an important cultural, economic and ecological species that are
exhibiting population declines associated with habitat loss and chemical injury.
Several chemical classes, including organophosphate pesticides, herbicides, and
compounds that promote oxidative damage have been implicated in coho injury.
Many of these chemicals are substrates of glutathione S-transferases (GSTs). In the
current study we characterized coho liver and olfactory GST isoforms that may
mitigate the toxicities of environmental chemicals of concern in Pacific Northwest
habitats. Coho liver cytosolic fractions were active toward certain GST reference
substrates, but initial rate GST catalytic activities were relatively low compared to
other fish species, suggesting a poor overall GST detoxification potential. We did
not detect cytosolic GST activity toward the organophosphate pesticide methyl
parathion, or toward the oxidative damage by-product 4-hydroxynonenal (4HNE).
However, a relatively low rate of GST-4HNE conjugation was observed when coho
liver GST was enriched using GSH-affinity purification. SDS-PAGE and Western
blotting analysis indicated the presence of at least three hepatic GST isoforms in
coho liver, and the expression of GST-pi and a microsomal GST (mGST) was confirmed in liver and olfactory rosettes by cloning and RT-PCR. Quantitative PCR
analysis of individual coho indicated extensive interindividual variation in GST-pi
and mGST expression. Continuing studies are elucidating the structures and expression of important GST isoforms in coho liver and olfactory rosettes in the context of determining the role of these enzymes in mediating susceptibility of coho to
environmental chemical injury. Supported in part by NMFS/NOAA, NIEHS P4207375 and NIEHS P30-ES07033.
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PROLIFERATION OF HUMAN CACO-2 CELLS
MEDIATED BY N-ACETYLATION AND OXIDATION
REACTIONS OF 3-AMINO-4HYDROXYBENZENEARSONATE (AHBA)

G. S. Bayse1, K. M. Jackson1, W. G. Kirlin2 and A. M. Rollins-Hairston2.
1
Chemistry, Spelman College, Atlanta, GA and 2Pharmacology/Toxicology, Morehouse
School of Medicine, Atlanta, GA.
Benzenearsonates such as Roxarsone (4-hydroxy-3-nitrobenzenearsonate) have
long been feed additives for poultry, due to their antimicrobial and growth promoting effects. Roxarsone and its reduction product 3-amino-4-hydroxybenzenearsonate (AHBA) are reported by USGS and EPA to be excreted into waterways in
potentially hazardous amounts. The project goal is to assess potential toxic effects
of these organic water contaminants on humans. Previously reported results in this
project demonstrated a proliferative effect on human Caco-2 colon cells in response
to µM levels of the organoarsenicals, especially AHBA. Additional flow cytometry
studies confirm the accumulation of cells in S phase, in comparison to controls, on
treatment with AHBA. The two pathways reported for biotransformation of
AHBA are 1) an N-acetylation reaction yielding Acetarsone, and 2) a multi-step
oxidation reaction producing an azobenzene. The hypothesis is that N-acetyltransferase (NAT) and cytochrome P450 (e.g.,CYP 3A4) enzymes are involved in
AHBA metabolism. The mRNAs for these enzymes are expressed in Caco-2 cells,
as shown by real-time PCR analysis. NAT 1 activity has been demonstrated in
Caco-2 lysates and the presence of CYP 3A4 confirmed by western blotting. In
vitro studies support the oxidation of AHBA as catalyzed by human CYP 3A4. The
reaction was followed kinetically as disappearance of NADPH, with and without
substrate AHBA. At pH 7.4, initial rates of 50 µM/min are observed. The reaction
is linear with NADPH concentration and AHBA exhibits Michaelis-Menten sub-

strate behavior. Catalase addition to the system has no effect. The structurally similar Acetarsone and Arsanilate are unreactive as substrates. The data indicate the
hazardous potential of AHBA to humans upon ingestion, with both enzymes expressed in various human tissues, especially the GI tract and liver. (Support:
NIH/NIGMS GM008241-20S1;NASA/MIE NCC8-227;MD00215-01;RCMI
RR 03032;MBRS/GM-028248).
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CURCUMIN GLUCURONIDE INHIBITS CELL-FREE
MICROTUBULE ASSEMBLY

E. Pfeiffer1, S. G. Walch1, A. Riess1, S. I. Hoehle1, A. M. Solyom2 and M.
Metzler1. 1Food Chemistry and Toxicology, University of Karlsruhe, Karlsruhe,
Germany and 2Pharmacology and Toxicology, University of Arizona, Tucson, AZ.
Curcumin is the major constituent of the rhizome of Curcuma longa, commonly
called turmeric, and has recently gained much interest due to its putative anti-inflammatory and anti-carcinogenic activity. Our laboratory has recently disclosed
that the major glucuronide of curcumin formed in human and rat liver in vitro exhibits an unusual chemical structure and reactivity: the glucuronic acid moiety is
located at the enolic hydroxyl group, which represents a vinylogous carboxylic acid
moiety. Curcumin glucuronide therefore resembles classical acyl glucuronides
known to be formed from non-steroidal anti-inflammatory drugs such as ketoprofen. Acyl glucuronides are electrophilic metabolites and can undergo several spontaneous reactions, including covalent adduct formation with proteins. Among
other proteins, tubulin has been identified as intra-hepatic target for the covalent
binding of acyl glucuronides.
The aim of the present study was to disclose the effect of curcumin glucuronide on
the assembly of tubulin heterodimers to microtubules, which can be carried out
under cell-free conditions. Curcumin glucuronide was found to inhibit the formation of microtubules in a concentration-dependent manner with a half-maximal inhibition at 30 micromolar, whereas curcumin itself had no effect. The acyl glucuronide of ketoprofen was used as positive control and inhibited microtubule
assembly at about the same concentration as curcumin glucuronide.
The results of our study imply that curcumin forms a reactive glucuronide which
may covalently bind to tubulin. Such protein adducts, if formed in intact cells, may
have important pharmacological and toxicological implications for curcumin.
Supported, in part, by NIH grant P50 AT00474 to the Arizona Center for
Phytomedicine Research.
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PHASE I ENZYMES EXPRESSED IN NON-SMALL CELL
LUNG CANCER

T. Oyama1, T. Kinaga1, M. Ogawa1, T. Murakami1, T. Yamaguchi1, T. Isse1, N.
Kunugita2 and T. Kawamoto1. 1Department of Environmental Health, School of
Medecine, University of Occupational and Environmental Health, Kitakyushu, Japan
and 2Department of Health Information Science, School of Health Science, University
of Occupational and Environmental Health, Kitakyushu, Japan.
[Background] Cytochrome P450(CYPs) are well-known as inducible phase I enzymes with an important role in the metabolism of a diverse range of xenobiotics.
CYPs have been shown to be involved in the metabolism of anticancer agents.
CYP3A inactivates some anticancer drugs, such as tamoxifen. On the contrary,
CYP3A activates some anticancer prodrugs, such as cyclophosphamide. In this
study, we investigated CYP2A6 and CYP3A expression in non-small cell lung cancer(NSCLC) to find relationship between CYP2A6 and CYP3A expressions and
various clinical and pathological features.
[Materials and Methods] We examined 78 of 98(79.6%) consecutive Japanese patients with NSCLC. 26 patients had stage I disease, 10 stage II, 39 stage III, and 3
stage IV, according to TNM staging. There were 48 patients with adenocarcinoma
and 30 squamous cell carcinoma. Tumor was performed by immunohistochemical
staining of CYP2A6 and CYP3A, using the labeled streptavidine-biotinrelated antibody(LSAB) method. We defined as positive cases when more than 10% was
stained.
[Results] 22 of 48 adenocarcinoma(45.8%) were stained positive for CYP2A6 and
19 of 48 adenocarcinoma(39.6%) positive for CYP3A, although there were no positive tumors of CYP2A6 and CYP3A staining in suamous cell carcinoma. CYP2A6
positive rate of stage I disease(60.0%; 12/20) was higher than that of stage IIIV(35.7%; 10/28)(p=0.10). CYP3A positive rate of stage I disease(70.0%; 14/20)
was significantly higher than that of stage II-IV(17.9%; 5/28)(p<0.01). CYP3A
positive rate of well and moderately differentiated adenocarcinoma(52.9%; 18/34)
was significantly higher than that of poorly differentiated adenocarcinoma (7.1%;
1/14)(p<0.01).
[Conclusion] Study of tumor CYPs expression should be useful as tumor marker
and be essential to utilize tumor CYPs expression for selection of anti-cancer drugs.
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COMPETITIVE INHIBITION OF CYP 1A1 ACTIVITY BY
3-O-ACETYLATED CATECHIN IN HEPATIC
MICROSOME

D. Kim1, E. Han1, 2, K. Oh1, 2, Y. Hwang1, 2, T. Jeong3, E. Lee3 and H. Jeong1,
. Pharmacy, Chosun University, Kwangju, Kwangju, South Korea, 2College of
Pharmacy, Research Center for Proteineous Materials, Chosun University, Kwangju,
South Korea and 3College of Pharmacy, Yeungnam University, Kyungsan, South Korea.

2 1

Green tea catechin is known to exert cancer chemoprevention by acting antigenotoxic in many cancer models. The present study, we investigated the effect of 3-Oacetylated catechin (ACC) on CYP1A1-mediated 7-ethoxyresorufin O-deethylase
(EROD) in hepatic microsomes isolated from rats induced with beta-naphthoflavone. ACC competitively inhibited CYP1A1 activity, with an apparent Ki
value of 2.14 +/- 0.4 micromol/L (mean +/- SE). ACC caused a concentration-related reduction of EROD activity with a 50% inhibitory concentration (IC50)
value as low as 40 micromol/L. Furthermore, ACC competitively inhibited the
mammary carcinogen dimethylbenzanthracene (DMBA)-induced CYP1A1 activity
and the metabolic activation of DMBA, as measured by the formation of DMBADNA adducts in microsome. These result indicate that ACC have high potency for
inhibition of CYP1A1 enzyme and ACC may have important implications for cancer prevention, as well as other pharmacological effects of ACC.

678

ROLE OF PULMONARY CYP3A1 IN 1NITRONAPHTHALENE INDUCED ACUTE LUNG
INJURY IN POSTNATAL AND ADULT RATS

K. C. Day, L. M. Davison, B. N. DeLong, C. G. Plopper and M. V. Fanucchi.
VET. MED.: Anatomy, Physiology and Cell Biology, University of California, Davis,
Davis, CA.
Respiratory diseases are one of the five leading causes of death and illness in children under the age of five and exposure to environmental air pollutants may
heighten the development of these diseases. Cytochrome P450 (CYP) monooxygenases play an important role in the bioactivation of air pollutants including 1-nitronaphthalene, 1NN, which produces more pulmonary injury in postnatal than
adult rats. The purpose of this study was to determine if 1) CYP3A1, a major constituent of human and rat lung, is more inducible by 1NN in an undifferentiated
cell population compared to a differentiated cell population and 2) if inhibiting
CYP3A1, with ketoconazole (KTZ), prevents 1NN induced pulmonary injury in
the terminal bronchioles of postnatal and adult rats. CYP3A1 enzymatic activity
was evaluated in lung and liver microsomal protein at 2, 3, and 6hrs after an IP injection of 100mg/kg 1NN using the substrate, Midazolam. In both postnatal and
adult rats, CYP3A1 enzymatic activity in lung and liver microsomes was decreased
at 2hrs and 3hrs post 1NN and increased at 6hrs. To determine if KTZ prevents
1NN injury, rats received an IP injection of carrier or KTZ prior to injection of
50mg/kg 1NN. Based on high resolution light microscopy, 24hrs post 1NN adult
rats treated with carrier+1NN had extensive areas of squamated cells, numerous
vacuolated cells and fewer nonciliated and ciliated cells compared to animals
treated with KTZ+1NN. A similar pattern was observed in postnatal rats but to a
lesser extent. We conclude that pulmonary CYP3A1 in both an undifferentiated
and a more stable differentiated cell population is susceptible to induction by 1NN.
Additionally, inhibition of CYP3A1 enzyme activity by KTZ appears to reduce
1NN acute pulmonary toxicity in terminal bronchioles. This suggests that a potential mechanism for increased susceptibility of postnatal and adult rats to pulmonary
injury by 1NN is by induction of a key isozyme CYP3A1. NIH ES06700, USEPA
(R827442010), ES 004311, NIH Training Grant HL007013
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THE RELATIONSHIP AMONG MICROSOMAL ENZYME
INDUCTION, LIVER WEIGHT, AND HISTOLOGICAL
CHANGE IN CYNOMOLGUS MONKEY TOXICOLOGY
STUDIES

S. J. Schomaker, S. E. Boldt, M. Mirsky and D. E. Amacher. Safety Sciences
Groton, Pfizer Inc., Groton, CT.
The purpose of this study was to evaluate and compare results from serum chemistry profiles and histological analyses of the liver and the magnitude and extent of
hepatic cytochrome P450 induction by assessing the results from a series of induction studies in cynomolgus monkeys with 10 investigative drug candidates representing four therapeutic classes. All 10 compounds were administrated orally for
the duration of the study using multiple doses, each proportionally based on body
weight. During the course of the studies that ranged from 2 to 6 weeks, serum
chemistry data and clinical observations were recorded. After necropsy, histologic
observations were made and hepatic microsomes were assayed for cytochrome P450 content, NADPH cytochrome c reductase, and other drug-metabolizing enzymes. Comparative studies were performed with four known inducers, phenobarbital, isoniazid, β-naphthoflavone, and dexamethasone, to confirm the
specificity/sensitivity of the catalytic assays. In this series of studies, we found that
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six of the ten compounds altered cytochrome P450-associated activities in both
male and female monkeys, two in females only, and one altered similar activities in
males only. Treatment-associated liver weight increases were noted in four studies.
Except for hepatocellular hypertrophy in one study, no significant treatment-related
microscopic changes in liver and no elevations of serum biomarkers commonly associated with liver toxicity were observed in any of the studies that demonstrated
significant hepatic enzyme induction. We conclude that significant elevations of
microsomal drug-metabolizing enzymes in the cynomolgus monkey liver are not
accompanied by substantial hepatic changes other than hepatomegaly under study
conditions expected to elicit target organ toxicity. These drug-induced alterations in
the hepatic drug-metabolizing enzyme system were benign based on the absence of
histopathological lesions and serum biomarkers of hepatobiliary toxicity.

680

ONTOGENY OF TRICHLOROETHYLENE (TCE)
METABOLISM IN IMMATURE SPRAGUE-DAWLEY (S-D)
RATS
B. McPhail, S. Muralidhara, S. S. Anand and J. V. Bruckner. Toxicology,
University of Georgia, Athens, GA.
Cytochrome P450s (CYP450s) are Phase I enzymes that metabolize endogenous as
well as exogenous compounds. A number of factors, including age, gender and race,
may affect the activity of CYP450s, thereby altering the therapeutic and toxic effects of a variety of compounds. Previous data from our laboratory indicate age-related changes in the CYP450 isozymes, CYP2E1, CYP2B1/2 and CYP1A1/2 in
unsexed S-D rats. In each case, enzymatic activity peaked between postnatal days
(PND) 15 and 40, followed by a decrease in activity through adulthood. The objective of this study was to define the ontogeny of hepatic TCE metabolism in S-D
rats by correlating developmental changes in CYP2E1 and CYP2B1/2 levels and activities with changes in TCE metabolism. TCE metabolism was assessed in vitro
using hepatic microsomal samples collected from rats on PND 5, 10, 15, 21, 30,
40, 50 and 60. The magnitude of TCE metabolism paralleled the levels and activity
of CYP2E1 more closely than CYP2B1/2 during this maturational period.
Delineation of the ontogeny of hepatic TCE metabolism and pertinent CYP450
isozymes in rats, may prove useful in assessing the ability of children to biotransform this potential human carcinogen.

681

ROLE OF CYP3A METABOLISM OF
CHLOROACETANILIDE HERBICIDES IN
CYTOTOXICITY OF ISOLATED RAT HEPATOCYTES
V. M. Kale and S. A. Meyer. Toxicology, University of Louisiana-Monroe, Monroe, LA.
We previously determined that relative toxicity of chloroacetanilide herbicides acetochlor ~ alachlor >> metolachlor to isolated rat hepatocytes (RH) in suspension
culture (EC50 for LDH release after 2 hr; 604 ± 36, 482 ± 56 and 863 ± 90 µ
M, mean ± SEM, resp.) was identical to that of liver of treated male rats. The same
rank order is known for rate of chloroacetanilide N-dealkylation by isolated rat and
human microsomes [Coleman et al (2000), Env. Hlth. Persp, 108: 1151-57].
Formation of alachlor N-dealkylated product 2-chloro-N-(2, 6-diethylphenyl) acetanilide (CDEPA) is known to be produced by CYP3A4 [Coleman et al (1999),
Chem. Biol. Interact, 122: 27-39] and rate of CDEPA formation has been correlated with alachlor hepatotoxicity in rats (Wetmore et al., unpub. obs.). The objective of the present investigation was to determine whether N-dealkylation of
alachlor catalyzed by rat CYP3A ortholog was a key determinant in hepatocyte cytotoxicity. Results indicate that RH catalyzed N-dealkylation of alachlor to
CDEPA, and CDEPA (EC50 = 266 ± 18 µ M) was much more toxic than parent compound. Selective rat CYP3A1/2 inhibitor clotrimazole (CLTZ, 1 µ
M) inhibited CYP3A-catalyzed testosterone 6-β hydroxylation of RH by ~ 90 %
and shifted the dose response curve for alachlor cytotoxicity to the right (EC50 =
789 ± 48 µ M). Hepatocytes from rats pretreated with dexamethasone (30 mg/kg,
ip; for 4 days) had 4.7 fold higher CYP3A protein as detected by western blot and
4 fold higher testosterone 6-β hydroxylase activity, of which ~ 95 % was inhibited
by 1 µ
M CLTZ. These hepatocytes from dexamethasone pretreated rats were
sensitized to alachlor cytotoxicity (EC50 = 145 ± 9 µ
M), but cytotoxicity was
unaffected by CLTZ (EC50 = 132 ± 5 µ
M). Collectively, these results suggest that CYP3A1/2-catalyzed N-dealkylation, in conjunction with another dexamethasone-inducible event, plays an important role in the chloroacetanilide herbicide
hepatotoxicity. Support: Louisiana Board of Regents.
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METABOLITES OF TRYPTANTHRIN BY RAT LIVER
MICROSOMES
G. Kim, S. Lee, T. Jeon, C. Jin, I. Jun, D. Lee, Y. Jahng and T. Jeong. College
of Pharmacy, Yeungnam University, Gyeongsan, South Korea.
Tryptanthrin (indolo-[2,1-b]-quinazoline-6,12-dione) originally isolated from
Isatis tinctoria L. (woad, Brassicaceae) has been characterized to have anti-inflammatory effects through the inhibition of cyclooxygenase-2 and 5-lipoxygenase mediated prostaglandin and leukotriene synthases. To study phase I metabolism of

tryptanthrin (m/z 249), Synthesized pure tryptanthrin was incubated with rat liver
microsomes for 2 hr in the presence or absence of NADPH generating system. Two
metabolites were detected by liquid chromatography/electrospray ionization-tandem mass spectrometry analysis. M1 (m/z 265) was mono-hydroxylated on the aromatic ring of indole moiety. M2 (m/z 281) was di-hydroxylated: one on the aromatic ring of indole moiety and the other on the quinazoline moiety. From the
fragmentation studies, a decarboxylated fragment (m/z 221) of tryptanthrin was observed. Loss of water (18 Da) leading to the fragment ion at m/z 231, 246 and 263
indicated the hydroxylation on the position 4 carbon of quinazoline moiety. Loss of
CO (28 Da) on the fragment ion at m/z 221, 237 and 253 indicated the decarboxylation on the position 4 carbon of quinazoline moiety. Characteristic product
ions for the identification of tryptanthrin metabolites were also observed: one at
m/z 121 and 137 and the other at m/z 130 and 146. (Supported by the grant from
Research Foundation, E00004).
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CHARACTERIZATION OF HUMAN LIVER
CYTOCHROME P450 ENZYMES INVOLVED IN THE
METABOLISM OF RUTAECARPINE

T. Jeong1, D. Lee1, S. Lee1, D. Kim2, E. Lee1 and Y. Jahng1. 1College of
Pharmacy, Yeungnam University, Gyeongsan, South Korea and 2Bioanalysis and
Biotransformation Research Center, KIST, Seoul, South Korea.
Rutaecarpine has recently been characterized to have an anti-inflammatory activity
through cyclooxygenase-2 inhibition. The incubation of rutaecarpine with human
liver microsomes in the presence of NADPH generated six isobaric mono-hydroxylated metabolites. The specific cytochrome P450 (CYP) isozymes responsible for
rutaecarpine metabolites were identified using the combination of chemical inhibition, immuno-inhibition and metabolism by cDNA expressed CYP enzymes. The
results suggested that CYP 3A4 might play major roles in the metabolism of rutaecarpine in human liver microsomes. The production of M1, M2, M3, M4 and M6
formed in human liver microsomes was inhibited by ketoconazole, a selective CYP
3A4 inhibitor, and anti-CYP 3A4 antibody. CYP 1A2 and CYP 2C9 played minor
roles in the metabolism of rutaecarpine. These results were confirmed in microsomes derived from cDNA expressed lymphoblastoid cells. CYP 3A4 microsome
clearly formed M1, M2, M3 and M6. CYP 1A2 and CYP 2C9 microsomes comparably formed M5. (Supported by the grant from Korea Research Foundation,
E00004).

684

DETERMINATION OF ANTHRICIN AND ITS
METABOLITES IN VITRO BY LIQUID
CHROMATOGRAPHY/ELECTROSPRAY IONIZATIONTANDEM MASS SPECTROMETRY

I. Jun, S. Lee, T. Jeon, G. Kim, D. Lee, C. Jin, S. Lee and T. Jeong. College of
Pharmacy, Yeungnam University, Gyeongsan, South Korea.
Anthricin (deoxypodophyllotoxin) is a medicinal herb constituent isolated from
Anthriscus sylvestris. Anthricin has recently been characterized to have beneficial activities in regulating immediate-type allergic reaction and anti-inflammatory activity through the dual inhibition of cyclooxygenase-2 and 5-lipoxygenase. To study
the metabolism of anthricin in rat liver microsomes, anthricin was incubated in the
presence of NADPH generating system. Metabolites were detected by liquid chromatography/electrospray ionization-tandem mass spectrometry analysis. At least
four major peaks (M1, M2, M3 and M4) were observed. Among them, the
metabolite M4 was believed to be a major metabolized product, podophyllotoxin,
hydroxylated on the C-ring of anthricin. Using enriched rat liver microsomes, the
anticipated isoforms of cytochrome P450s in the metabolism of anthricin were partially characterized. Phenobarbital-induced microsomes greatly increased in the formation of the metabolite M2. Dexamethasone-induced microsomes increased in
the formation of metabolite M4. The metabolites M1 and M3 were only produced
in enriched microsomes isolated from phenobarbital- and dexamethasone-treated
rats. The present results indicated for the first time that anthricin could be metabolized by cytochrome P450 in rat liver microsomes. (Supported by the grant from
Korea Research Foundation, E00004).
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IN VITRO METABOLISM OF ETHYLBENZENE BY RAT,
MOUSE AND HUMAN LIVER AND LUNG
MICROSOMES

S. A. Saghir, D. L. Rick, M. J. Bartels and J. S. Bus. The Dow Chemical
Company, Midland, MI.
This study examined the comparative metabolism of ethylbenzene (EB) in rat,
mouse and human liver and lung microsomes. EB vapor (750 and 7500 ppm) was
incubated with 2 mg of liver or lung microsomal protein in gas-tight glass vials at

37°C for 30 minutes with subsequent metabolite analysis by GC/FID. EB was
preferentially metabolized to 1-phenylethanol (1-PE) in liver in the order of mouse
(2.7 and 18.8% conversion) >> rat (1.7 and 7.1% conversion) ≈ human (1.5 and
9.0% conversion) at the high and low doses, respectively. Small amounts of acetophenone (AP) were formed in rat liver at both doses and only at the low dose in
mouse (<1.6% conversion); AP was not detected in human liver. 2-Phenylethanol
(2-PE) was detected only at the high dose in all three liver types (0.02-0.06% conversion). 2-Ethylphenol (2-EP) was formed only by mouse liver (≤0.2% conversion). No 4-ethylphenol (4-EP) was detected in any species. Rat and mouse lung
were more active in metabolizing EB than liver. In contrast to liver, human lung did
not metabolize EB. Similar to liver, the major metabolite of EB was 1-PE in both
rat and mouse (1.6-19.4% conversion). AP (0.1-0.8% and 1.0-5.8% conversion)
and 2-PE (0.3-2.5% and 0.2-0.5% conversion) were formed at the high and low
doses in rat and mouse lung, respectively. 2-EP was formed both by rat and mouse
lung (0.02-0.26% conversion), in contrast to liver where only mouse liver converted EB to 2-EP. 4-EP was formed only in mouse lung at the high dose (0.02%
conversion), whereas liver did not generate 4-EP. Studies to determine the rate of
formation of these metabolites and possible conversion of 2-EP and 4-EP to ethylhydroquinone and ethylcatechol are planned. These studies will elucidate a potential mode of action for the mouse-specific lung toxicity and tumorigenicity of EB.
This study was funded by the American Chemistry Council, EB Panel.
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HUMAN CYP 450 ISOFORM SPECIFIC METABOLISM
OF POLYCHLORINATED BIPHENYL IUPAC #101

J. E. McGraw and D. P. Waller. Biopharmaceutical Sciences, University of IL at
Chicago College of Pharmacy, Chicago, IL.
Polychlorinated Biphenyls (PCBs) are persistent and ubiquitous environmental
contaminants studied extensively for more than 30 years. Elevated body burdens
are associated with several chronic diseases. PCB IUPAC #101 (chlorination pattern 2’,4’,5’-2,5) is a major non-coplanar pentachlorinated PCB congener found in
Aroclor (PCB) mixtures and commonly found in environmental matrices. Parent
PCB101, hydroxy metabolites, and methylsulfonyl metabolites have been found in
human tissues. Animal data identify involvement of CYP’s 2B and 3A family enzymes in PCB metabolism and inductive effects of PCBs/metabolites. Minimal information is available on human CYP 450 isoform specific metabolism of PCBs.
Experiments were designed to study the metabolism of PCB 101 by human isoforms of CYP 450. Ten pmol of different Gentest Supersomes (baculovirus transfected insect cell microsomes expressing specific human CYP 450s isoforms) containing human CYP 2A6, 2B6, 3A4, 3A5, 2C8, 2C9, 2C18, 2C19, 1A2 and 2D6,
were incubated separately with 30mcM PCB101, and an NADPH regeneration
system. CYP 2A6 was the only isoform that produced metabolites. The major
quantifiable metabolite was identified as 4-OH PCB101. Product formation followed Michaelis Menton kinetics. Trace amounts of 3-OH were present but not
quantifiable. The km for CYP 2A6 conversion of PCB101 to 4-OH PCB101 was
36.4mcM with a Vmax of 0.53pmol/min/pmol CYP 2A6. PCB101 hydroxylase activity in human liver microsomes (HLM) matched HLM content of CYP 2A6.
These data support CYP2A6 as the specific isoform responsible for PCB101 metabolism in humans. This is in contrast to the 2B and 3A isoforms identified in animal studies. Knowledge of human isoform specific metabolism is essential to understanding PCB kinetics and adverse human health effects.
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HEPATIC P450 ENZYMES PLAY A DOMINANT ROLE IN
THE DISPOSITION OF 7,12DIMETHYLBENZ[A]ANTHRACENE-TRANS-3,4DIHYDRODIOL IN MICE

J. Gu, H. Cui, W. Yang and X. Ding. Wadsworth Center, Albany, NY.
7,12-Dimethylbenz[a]anthracene (DMBA) is a potent mammary gland carcinogen
in rodents. The aim of this study was to determine the roles of liver and target-tissue cytochrome P450-mediated metabolism of DMBA and its metabolite, DMBAtrans-3,4-dihydrodiol, in DMBA-induced DNA adduct formation in the mammary gland. Recently, we studied DMBA clearance and mammary gland
DMBA-induced DNA adduct formation in a liver-Cpr-null mouse model, which
has liver-specific deletion of the NADPH-P450 reductase (Cpr) gene. We concluded that, following systemic exposure to DMBA, hepatic P450-mediated generation of either DMBA-trans-3,4-dihydrodiol or the ultimate carcinogenic metabolite plays a critical role in the formation of DNA adducts in the breast tissue. In this
study, we have further examined the role of hepatic P450 enzymes in the disposition and target tissue bioavailability of DMBA-trans-3,4-dihydrodiol, an intermediate metabolite believed to be more potent than DMBA in carcinogenicity. The
levels of DMBA-trans-3,4-dihydrodiol in the blood, as well as those in the liver and
mamary gland, were determined in liver-Cpr-null and wild-type mice following an
single i.p. injection of DMBA-trans-3,4-dihydrodiol at 50 mg/kg. In the mutant
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mice, DMBA-trans-3,4-dihydrodiol was eliminated more slowly than in the wildtype mice, with a 4-fold greater area under the curve (AUC), comapred to the wildtype mice. The concentrations of DMBA-trans-3,4-dihydrodiol in the liver and
mamary gland at 24 hr after the treatment were much higher in the liver-Cpr-null
mice than in the wild-type mice. These results suggest that hepatic P450-dependent
metabolism plays a dominant role in the clearance of both DMBA and DMBAtrans-3,4-dihydrodiol, and that phase II metabolism is less critical in the clearance
of these compounds. Further studies are underway to determine mammary gland
DNA adduct formation in the null and wild-type mice following DMBA-trans3,4-dihydrodiol treatment. (Supported in part by grant DAMD17-02-1-0404
from USAMRAA)
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ROLE OF THIOACETAMIDE-SULFOXIDE METABOLISM
IN SATURATION KINETICS OF THIOACETAMIDE

J. Chilakapati1, M. C. Korrapati1, R. A. Hill2 and H. M. Mehendale1. 1Toxicology,
ULM, Monroe, LA and 2Basic Pharmaceutical Sciences, ULM, Monroe, LA.
Thioacetamide (TA) is bioactivated by CYP2E1 to TA sulfoxide (TASO), and further to a highly reactive sulfdioxide (TASO2), that initiates hepatic necrosis by covalent binding. Previously, we have established that TA exhibits saturation toxicokinetics over a 12-fold dose range which explains the lack of dose response for
bioactivation-based liver injury seen with this compound. In those studies, we
found in vivo and in vitro evidence that the second step (TASO Ç TASO2) of TA
bioactivation is less efficient than the first one (TA Ç TASO). The objective was to
study the metabolism of TASO, to further test the role of the second step of TA
bioactivation in the saturation kinetics of TA. The strategy was to use TASO, which
obviates the first step of TA metabolism for its bioactivation. Male SD rats were injected with low (50 mg/kg, ip), medium (100 mg/kg) and LD70 (200 mg/kg) dose
of TASO. Liver injury estimated by ALT & AST over a time course of 0 to 96 h,
with a 4-fold dose range, was not dose-dependent in the initial time points when
bioactivation-mediated injury occurs. There was no difference in ALT among the
three doses at 6 and 12 h indicating a lack of dose response for initiation of liver injury. Liver injury escalated thereafter by 48 h in the lethal dose treated rats leading
to liver failure and death. TASO was quantified in plasma and liver at various time
points by HPLC after administration of the three doses. With increasing doses (i.e.,
from 50 to 200 mg/kg), the apparent elimination half-lives of TASO (41 to 105
min) increased, indicating that TASO bioactivation exhibits zero order kinetics.
Increasing TASO dose resulted in greater-than-proportional increases in the area
under the curve (AUC) for plasma TASO. TASO behaves similar to TA in initiating
bioactivation-mediated injury and toxicokinetics. These and previous findings suggest saturation of CYP2E1 at the TASO Ç TASO2 bioactivation step in the rats
when studied in metabolic isolation in the absence of the first step. (Supported by
ES09870)
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COMPARISON OF HALO- AND NITROBENZENE
TOXICITY IN RAT AND HUMAN HEPATOCYTES

N. Jensen2, K. Chan1, P. Silber2 and P. O’Brien1. 1Pharmaceutical Sciences,
University of Toronto, Toronto, ON, Canada and 2IN VITRO Technologies Inc.,
Baltimore, MD.
The toxicity of halobenzenes are meditated by metabolites formed by oxidative metabolism. Quantitative structure-activity relationships (QSAR) were applied to
evaluate the toxicity of halobenzene congeners in rat and human hepatocytes.
Toxicity was determined by incubation of individual compounds with hepatocyte
suspensions followed by trypan blue exclusion or MTT reduction to assess viability.
QSAR derivation indicated that halobenzene induced toxicity in male SD rat hepatocytes strongly correlated with dipole moment, µ (symmetry), and logP (hydrophobicity): log LD50(2h)= -0.379µ-0.360logP+4.587. In male human hepatocytes, an additional parameter EHOMO, describing the ease of oxidation, was
required for a strong correlation: log LD50(2h)= -0.462logP0.0523µ+0.261EHOMO+7.071. Halobenzenes with the highest toxicity levels in rat
hepatocytes were those that had asymmetrically distributed halogen substituents
and were more hydrophobic. In human hepatocytes, the most toxic compounds
were those that had increasing polarizabilty and hydrophobicity, and were most easily oxidized. Nitrobenzene toxicity is mediated by reactive metabolites formed by
reductive metabolism. Dinitrobenzene (DNB) toxicity studies with human and rat
hepatocytes using MTT reduction to assess viability, showed that the order of toxicity towards rat hepatocytes was 1,4-DNB>>1,2-DNB>1,3-DNB. However, in
human hepatocytes, no toxicity was observed at these doses. Nitrofurantoin, a nitroaromatic antimicrobial drug, was also toxic to rat but not human hepatocytes.
Previously published studies have shown that both rats and hamsters have profound
species differences in 1,3-DNB toxicity. These studies show that hamsters were
much more resistant than rats to toxicity induced in vivo by 1,3-DNB. This was attributed to lower nitroreductase activity, higher aromatic hydroxylation and GSH
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reductase activities, higher acetylation capacity and more robust mitochondria in
the hamster. Similar protective mechanisms may be responsible for the resistance of
human hepatocytes to nitrobenzenes.
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TRANSESTERIFICATION OF METHYLPARABEN BY RAT
GASTROINTESTINAL SEGMENTS

M. Lakeram1, D. J. Lockley2, R. Pendlington2 and B. Forbes1. 1King’s College
London, Pharmaceutical Science Research Division, London, United Kingdom and
2
Safety and Environmental Assurance Centre, Unilever Colworth, Bedfordshire,
United Kingdom. Sponsor: D. Basketter.
It has recently been found that the Caco-2 human intestinal epithelial cell line can
transesterify ester compounds [Lakeram et al, in press]. Such a presystemic metabolic pathway would have implications for ester compounds ingested concomitantly with ethanol in man. The aim of this study was to characterize transesterification in the rat gastrointestinal tract. Methyl p-hydroxybenozate, a commonly
used ester preservative was selected as a substrate for the transesterification assay.
The gastrointestinal tract was excised from male Wistar rats (n = 3) and washed
with ice-cold sodium phosphate buffer solution (pH 7) to remove intestinal contents. Stomach, duodenum, jejunum, ileum and colon sections were segmented,
then homogenized. The substrate concentration dependency of the reaction was investigated by addition of methylparaben (6.25-200 µM final concentration) in
ethanol (5 or 10 % v/v final concentration) to rat gastrointestinal tract homogenate, pH 7 for 1 hour. Samples (100 µl) were removed at intervals, the reaction was stopped using acetonitrile and methyl and ethyl paraben concentration
were measured by HPLC. At 5% v/v ethanol, the intrinsic clearance values by
transesterification were lowest for the jejunum < ileum < duodenum < colon <
stomach with values of 9.49, 12.26, 14.57, 20.79 and 27.49 µl/h/mg protein, respectively. When the experiment was repeated in 10% v/v ethanol, intrinsic clearance values due to transesterification were lowest in the duodenum < jejunum <
ileum with values of 2.59, 4.94 and 6.39 µl/h/mg protein, respectively. It is believed that this is the first report of transesterification in the rat gastrointestinal
tract. These findings, along with the initial observation of transesterification in
Caco-2 cells indicate a likelihood that this reaction occurs in the human gastrointestinal tract.
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METABOLISM OF ETHNAOL IN ADH-DEFICENT
HEPG2 CELLS AND ADH-OVEREXPRESSED VA-13
CELLS: SINGIFICANCE OF NONOXIDAITVE
METABOLISM IN ETHANOL-INDUCED TOXICITY

B. S. Kaphalia. Pathology, University of Texas Medical Branch, Galveston, TX.
Oxidative metabolism of ethanol via hepatic alcohol dehydrogenase (ADH) - catalyzed reaction is the major mechanism of ethanol disposition in the body.
Inhibition of this metabolic pathway reported in chronic alcoholics is known to facilitate disposition of ethanol to fatty acid ethyl esters (FAEEs) via nonoxidative
pathway. In order to understand the metabolic basis of ethanol toxicity, we studied
metabolism of ethanol in ADH-deficient hepatocellular carcinoma (HepG2) vs.
ADH overexpressed VA-13 cells. Confluent HepG2 or VA-13 cells were incubated
with ethanol (100-800 mg %) for 6 hr. Acetaldehyde (an oxidative metabolite of
ethanol) and total ethanol remaining in the culture medium after 6 hour were analyzed by gas chromatography. Accumulation of neutral lipids, an early stage in alcoholic liver disease, was assessed by the Oil Red O staining. VA-13 cells metabolized
ethanol ~20% faster than HepG2 cells. About 2 fold higher levels of acetaldehyde
inVA-13 cells (3.68 mg %) than HepG2 cells (1.84 mg %) incubated with 800 mg
% ethanol indicates a rapid disposition of ethanol in ADH overexpressed VA-13
cells via oxidative pathway. However, a ~3 fold accumulation of neutral lipids and
significant levels of individual FAEEs found only in ethanol-treated HepG2 cells
suggest use of ADH-deficient HepG2 cells as suitable cell culture model to study
the metabolic basis of ethanol-induced cytotoxicity. Further studies regarding the
role of individual FAEEs in observed cytotoxicity are in progress. (This work was
supported by NIAAA, AA13171).
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NONOXIDATIVE METABOLISM OF ETHANOL TO
FATTY ACID ETHYL ESTERS AND THEIR
CYTOTOXICITY IN AR42J CELLS

H. Wu1, G. A. Ansari1 and B. S. Kaphalia1. 1Pathology, University of Texas Medical
Branch, Galveston, TX, 2Pathology, University of Texas Medical Branch, Galveston,
TX and 3Pathology, University of Texas Medical Branch, Galveston, TX.
Alcoholic pancreatitis is a devastating disease resulting in failure of both exocrine
and endocrine functions. The current understanding about the mechanism of this
disease is very poor, primarily due to the lack of suitable experimental models.

Nonoxidative metabolism of ethanol to fatty acid ethyl esters (FAEEs) has been implicated in the pancreatic injury in rats and in chronic alcohol-dependent individuals. In the present study, we determined dose- and time-dependent synthesis of
FAEEs and evaluated comparative cytotoxicity of ethanol and its predominant
FAEEs (palmitate and oleate, found in the plasma of chronic alcoholics) in rat pancreatic tumor (AR42J) cells by measuring apoptosis using Annexin V FITC assay.
Formation of FAEEs was found to be time- and dose-dependent. Total FAEEs synthesized in cell cultures incubated with 800 mg% ethanol was 10 fold higher (60
nmol/25 million cells) than that in cell cultures incubated with 100 mg% ethanol
(5.4 nmol/25 million cells). Apoptotic cells also increased in a dose-dependent
manner (9.8, 11.6 and 13.1% at 200, 400 and 800 mg% ethanol, respectively, vs.
5.5% in control cells). As compared to ethyl palmitate, ethyl oleate caused dose-dependent increases in apoptosis suggesting its role ethanol-induced pancreatic cell
injury. Further toxicity studies are needed to assess the role of FAEEs in pancreatic
cell injury and understand the metabolic basis of ethanol-induced pancreatic injury.
(This work was supported by NIAAA, AA13171).
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ALDEHYDE DEHYDOROGENASE 2 METABOLIZES
PROPIONALDEHYDE. - IN VITRO ANALYSIS WITH
LIVER SUBCELLULAR FRACTION DERIVED FROM
ALDH2 KNOCKOUT MOUSE. -

T. Yamaguchi1, T. Oyama1, T. Isse1, M. Ogawa1, T. Murakami1, T. Kinaga1, K.
Kitagawa2, I. Uchiyama3 and T. Kawamoto1. 1Environmental Health, University of
Occupational and Environmental Health, Kitakyushu, Fukuoka, Japan, 2First
Department of Biochemistry, Hamamatsu Medical University, Hamamatsu, Shizuoka,
Japan and 3Environmental hygiene, Kyoto University, Kyoto, Kyoto, Japan.
It is known that acetaldehyde mainly metabolized by aldehyde dehydrogenase2
(ALDH2). However, it is not clear whther that ALDH2 is a main enzyme to oxidize propionaldehyde. In this study, enzymatic activity were studied by PAGE-isoelectric focusing (IEF) and zymogram. Western-blot analysis was also carried out on
IEF gel to identify ALDH1 and ALDH2. We also measured propionaldehyde dehydrogenase activity in mitochondria and cytsol by production of NADH. The activity bands to propionaldehyde were found at the point of pI 6.0 of hepatic mitochondrial fraction from the ALDH2 wild type Aldh2+/+ mice and at the point of
pI 7.5 of hepatic cytosol fraction from both Aldh2+/+ and Aldh2 knockout (Aldh2/-) mice .The band of pI 6.0 was identified as ALDH2 and the band of pI 7.5 was
identified as ALDH1 by Western-blot. Enzymatic activities at 50µM propionaldehyde of hepatic mitochondrial fraction from Aldh2+/+ mice were 7.18 (±SD 1.79 )
nmol/min/mg protein and those from Aldh2-/- mice 0.51 (±SD 0.05)
nmol/min/mg protein. The activities of hepatic cytosol fraction from Aldh2+/+
mice were 3.76 (±SD 1.19 ) nmol/min/mg protein and those from Aldh2-/- mice
were1.25 (±SD 0.27) nmol/min/mg protein. These results suggest that ALDH2 is
the key enzyme in the oxidation of propionaldehyde.

694

CHARACTERIZATION OF TWO RAT
CARBOXYLESTERASES INVOLVED IN PYRETHROID
METABOLISM

M. K. Ross, S. E. Lentz and A. Borazjani. Center for Environmental Health
Sciences, Mississippi State University, Mississippi State, MS.
The carboxylesterases (CEs) are a family of xenobiotic-detoxifying enzymes found
in mammalian liver. These promiscuous enzymes catalyze the hydrolysis of several
esterified drugs and pollutants, including pyrethroid insecticides. Rodent CEs are
important to study in order to better characterize animal models of human
pyrethroid metabolism. The identities of the rat CEs responsible for pyrethroid
detoxification are incompletely defined. To characterize the enzymes involved in
pyrethroid hydrolytic metabolism, we have purified two CEs (termed Hydrolase A
and B) from Sprague-Dawley rat liver microsomes and studied the substrate specificity of each enzyme using selected pyrethroids. Kinetic analysis using an HPLC
assay demonstrated that each pyrethroid, which included bioresmethrin and cisand trans-permethrin, was hydrolyzed by the CEs with Michaelis-Menten kinetics;
however, Hydrolase A cleaved these compounds more efficiently than Hydrolase B.
For example, trans-permethrin, bioresmethrin, and cis-permethrin were hydrolyzed
by Hydrolase A with catalytic efficiencies (kcat/Km) of 340, 245, and 124 min1
mM-1, respectively. In contrast, kcat/Km values for Hydrolase B toward trans-permethrin, bioresmethrin, and cis-permethrin were 152, 84, and 65 min-1mM-1, respectively. The greater affinity of each pyrethroid for Hydrolase A (as measured by
Km) appears to account for the consistently higher catalytic efficiency values compared to Hydrolase B. Nonetheless, these two major rat liver CEs, which account
for >80% of the total rat hepatic CE protein content, each possess significant
pyrethroid hydrolytic activities. The disposition of pyrethroid chemicals in mammalian systems will largely be determined by the tissue expression and intrinsic catalytic activities of the individual CE isozymes. Thus, a better understanding of

pyrethroid pharmacokinetics requires the purification and kinetic characterization
of the CE isozymes that metabolize these ester-containing insecticides. (Supported
by NIH P20RR017661 and NIH-NCRR RR070710)
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THE EFFECT OF DIELDRIN EXPOSURE ON SEVERAL
ENZYMES RESPONSIBLE FOR THE METABOLISM OF
ORGANOPHOSPHORUS INSECTICIDES

J. A. Crow1, H. W. Chambers2, E. C. Meek1 and J. E. Chambers1. 1Center for
Environmental Health Sciences, Mississippi State University, Mississippi State, MS
and 2Department of Entomology, Mississippi State University, Mississippi State, MS.
Dieldrin, an organochlorine insecticide widely used in the past, persists in the environment and is known to induce several isozymes of cytochrome P450 (CYP). The
interaction of dieldrin with the enzymes involved in the metabolism of
organophosphorus (OP) insecticides is not well characterized. In an effort to better
understand this interaction, the effects of dieldrin treatment were determined on
the CYP-catalyzed desulfuration of chlorpyrifos (CPS) and methyl parathion
(MPS), A-esterase activity, and carboxylesterase activity. Dieldrin in corn oil was
administered by oral gavage to male rats at 2.5 mg/kg for 13 days. The hepatic microsomal desulfuration (bioactivation to the oxon metabolite) of CPS and MPS was
increased about 8-fold and 4-fold, respectively, in the dieldrin treated animals.
Dieldrin treatment altered both the absolute rate of desulfuration of CPS and MPS
and the ratio of the rates of desulfuration suggesting a change in relative toxicity of
the two compounds in dieldrin treated animals. The activity of A-esterases, which
catalytically degrade oxons, was increased about 2.3-fold in hepatic microsomes following dieldrin treatment while a trend toward a decrease in serum A-esterase activity was observed. The activity of carboxylesterase, which stoichiometrically degrade oxons, was increased about 1.6-fold in hepatic microsomes following dieldrin
treatment but no significant change in serum carboxylesterase activity was observed. These results show that exposure to dieldrin has the potential to alter the
metabolism of current use OP insecticides in terms of activation (via desulfuration)
and detoxication (via catalytic hydrolysis and covalent bonding). Supported by
NIH P20RR017661.
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A SPECTROSCOPIC STUDY OF THE INTERACTION
OF 1,3-DINITROBENZENE WITH NEURONAL NITRIC
OXIDE SYNTHASE AND ITS ISOLATED HEME
DOMAIN

J. Tobias1 and R. T. Miller2. 1Toxicology, University of Kentucky, Lexington, KY and
2
Biological Sciences, University of Texas at El Paso, El Paso, TX.
Based on localization of neuronal nitric oxide synthase (nNOS) in cerebellum and
brainstem, and that 1,3-DNB has been shown to be toxic to several nuclei of the
brainstem and cerebellum, we have initiated a series of studies examining potential
interactions of 1,3-DNB with nNOS. We have previously shown that 1,3-DNB
can convert nNOS into a peroxynitrite (ONOO-) synthase by interaction with the
nNOS flavin-containing reductase domain. However, little is known about the potential of 1,3-DNB to interact with the substrate-binding heme domain of nNOS.
We have used UV-VIS spectroscopy to examine the interaction of 1,3-DNB with
both full-length nNOS and its isolated heme domain. Our results show that 1,3DNB interacts with both full-length nNOS and its isolated heme domain through
the substrate binding pocket in a manner similar to Nω-nitro-L-Arginine (LNNA), a known nNOS inhibitor. Titration of 1,3-DNB into both full-length
nNOS and its isolated heme domain produced a negative deflection in the nNOS
difference spectrum at 397 nm, indicating an interaction between 1,3-DNB and
the nNOS heme domain. Additionally, we have examined the effect of 1,3-DNB
on nNOS activity. For nNOS activity assays, samples of purified enzyme (5 nM
final concentration) were preincubated for 10 min. at 25o C with either concentrations of 1,3-DNB ranging from 1-10 µM for concentration dependence assays or
for 1-10 min. with 5 µM 1,3-DNB to test the time dependence of inhibition. All
reactions were run for 10 min. Results of nNOS activity assays with 1,3-DNB
show that low concentrations of 1,3-DNB can reduce nNOS activity up to 75% as
compared to controls. In time-course experiments, 5 µM 1,3-DNB decreased
nNOS activity by 75 % relative to no DNB controls by 10 min. 5 µM 1,3-DNB
decreased nNOS activity by 75 % when concentration dependence of inhibition
was tested. Our results indicate that there is an interaction between the nNOS
heme domain and 1,3-DNB and that this can inhibit nNOS activity at low concentrations of 1,3-DNB.
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EFFECTS OF CYP AND GST GENETIC
POLYMORPHISMS ON THE URINARY LEVELS OF 1HYDROXYPYRENE IN TURKISH COKE OVEN
WORKERS

M. Iscan1, M. Yilmazer2, A. O. Ada1, S. Suzen1, A. E. Demirbag3, S. Efe4, Y.
Alemdar4 and S. Burgaz2. 1Department of Toxicology, Ankara University, Faculty of
Pharmacy, Ankara, Turkey, 2Department of Toxicology, Gazi University, Faculty of
Pharmacy, Ankara, Turkey, 3Department of Gastrointestinal Department, Yuksek
Ihtisas Hospital, Ankara, Turkey and 4Eregli Iron and Steel Works Co., Karadeniz
Eregli, Turkey.
The aim of the study was to evaluate the influences of genetic polymorphisms of
PAH metabolizing enzymes on the urinary 1-hydroxypyrene (1-OHP) excretion,
which has been a biomarker of PAH exposure and shown to vary great among the
individuals. Accordingly, the urinary 1-OHP levels, CYP1A1, CYP1B1. GSTM1,
GSTP1 and GSTT1 polymorphisms in 50 coke oven workers and 50 controls have
been investigated. Urinary 1-OHP was analyzed by high pressure liquid chromatography after enzymatic hydrolysis. Lymphocyte DNA was used for PCR-based
genotyping. The mean urinary 1-OHP levels of coke oven workers were significantly higher than that of controls. No significant difference was noted in the mean
urinary 1-OHP levels of smokers and non-smokers either in coke oven workers or
in controls.. Multi-variate analysis showed significant influences of GSTP1 (Ile 105
Val) genotype on 1-OHP levels in coke oven workers and GSTM1 and GSTT1
genotypes on 1-OHP levels in controls. The control individuals carrying combined
GSTM1- and GSTT1- genotypes had significantly higher levels of urinary 1-OHP
than those of individuals carrying GSTM1+ and GSTTI+, GSTM1-and GSTT1+,
and GSTM1+ and GSTT1- genotypes. These results show that urinary 1-OHP is
a sensitive indicator of recent human exposure to PAHs and genetic polymorphism
of distinct GSTs may reflect the interindividual variation in susceptibility to PAHs
at high and low PAH exposure(Supported by Research Fund of Ankara University,
2001-08-03-025 and TUBITAK, SBAG-AYD-350).
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N-ACETYLTRANSFERASE 2 GENOTYPE IN BLADDER
CANCER PATIENTS

M. A. Greaves1, 2, G. Banfi3, K. Golka2, D. Dannappel2 and I. Romics3.
1
Pharmacology, Luis Razetti Medical School, Universidad Central de Venezuela,
Caracas, Venezuela, 2Clinical Occupational Medicine, Institut fuer Arbeitsphysiologie,
Dortmund University, Dortmund, Nord Rhein Westfalia, Germany and 3Department
of Urology, Semmelweiss University, Budapest, Hungary.
Genetically determined slow acetylator status is a susceptibility factor for bladder
cancer in subjects exposed to carcinogenic aromatic amines. Recent studies show a
percentage of slow NAT2 acetylators of between 50 and 60%, comparable to that
observed in the general population, whereas older studies showed a clear elevation
of the slow acetylator proportion in cancer patients. In this study we investigate the
percentage of slow acetylator status in bladder cancer patients in the greater
Budapest area. No other recent studies are available providing data from eastern
European countries. Materials & Methods: In an ongoing study,235 patients with
histologically proven bladder transitional cell carcinoma, NAT2 genotyping was
performed by means of lymphocyte DNA polymerase chain reaction (PCR) and restriction fragment length polymorphism (RFLP) to detect seven mutations (single
nucleotide polymorphisms, SNPs) relevant to caucasians. Results: In the bladder
cancer patients genotyped, 55% showed a slow NAT2 acetylator status.
Conclusion: The results are within the percentage observed in general caucasian
populations. This may be related to the elimination of the use of aromatic amines
such as benzidine, in Eastern European chemical plants decades ago.

A statistically significant association between ALAD 2 genotype and a higher blood
lead was found in lead-exposed workers (WMD of 1.96) and children (WMD of
4.81). Among adults with BLL <10 µg/dl there was no association with ALAD carrier status. There was no statistically significant association of ALAD status and
bone lead. ALAD 2 carriers had a higher level of hemoglobin and lower ZPP, the
latter was inversely related to blood lead level. There was no association of ALAD
status with serum creatinine and BUN.
In conclusion, carriers of the ALAD 2 allele who had increased levels of lead exposure (workers) or who were more sensitive (children) had higher blood lead levels
then those who were ALAD1 homozygous. At the same time, these ALAD 2 carriers were potentially protected against adverse hemapoietic effects (ZPP and hemoglobin levels), likely due to decreased lead bioavailability to heme pathway enzymes. Effects on other organs were not well delineated partially due to the small
number of subjects studied and potential modifications caused by other proteins in
target tissues or by other genes (e.g., VDR, MTs, PbBPs). The roles of these modifying proteins in vivo are not fully understood.

700

RELATIONSHIP OF ALCOHOL DEHYDROGENASE 2
GENOTYPE IN FETAL ALCOHOL SPECTRUM
DISORDERS

N. M. Spiegl1, J. L. Powell1, K. S. Squibb1, J. O’Kane2 and J. D. Cook2.
1
Toxicology, University of Maryland School of Medicine, Baltimore, MD and
2
Medical and Research Technology, University of Maryland School of Medicine,
Baltimore, MD.
Fetal Alcohol Syndrome (FAS) and Fetal Alcohol Spectrum Disorders (FASD) are
currently the largest causes of preventable mental retardation and birth defects afflicting the human population. Complete characterization of the genetic mechanism of ethanol (EtOH) metabolism in both mothers and infants is fundamental to
both treatment and prevention via education of sensitive populations. Of the three
major EtOH metabolizing enzymes, Alcohol Dehydrogenase (ADH), Cyp2E1 and
Aldehyde Dehydrogenase (ALDH), ADH catalyzes the majority of EtOH breakdown in humans. Reported results on the impact of the ADH2*3 loci on susceptibility to FAS and FASD are inconsistent, thus further study of the role of ADH
genotype in development of FASD in infants exposed to EtOH in utero is warranted. In this study, 31 pregnant subjects were recruited from a hospital clinic after
completion of a standard AUDIT questionnaire. Peripheral blood was obtained
from the mothers at each prenatal visit and a fetal cord blood sample obtained from
the infant at delivery. Following DNA isolation and two rounds of PCR, ADH2
genotype of each pair was determined by visualization on PAGE gel. Results show
that infants carrying the ADH2*3 allele were more likely to have decreased length,
head circumference and weight at delivery, suggesting that ADH2 genotype is related to FASD development. Results also suggest that maternal ADH2*3 genotype
plays a protective role, as none of the infants born to ADH2*3 heterozygous mothers required neonatal intensive care unit (NICU) hospitalization while 25% of infants born to mothers lacking the ADH2*3 allele were admitted to NICU.
Complete characterization of the genetic control of EtOH metabolism is necessary
to obtain a clear picture of how these factors contribute to development of FASD.
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EFFECT OF POLYMORPHISMS IN THE MGMT GENE
ON HPRT GENE MUTATION FREQUENCY AND ON
MGMT PROTEIN ACTIVITY AS MEASURED BY A
NOVEL FLUORESCENCE-BASED ASSAY

C. E. Hill, J. K. Wickliffe, C. J. Kinslow, K. J. Wolfe, C. S. Hallberg and S. Z.
Abdel-Rahman. Preventive Medicine and Community Health, University of Texas
Medical Branch, Galveston, TX.
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LEAD AND ALAD POLYMORPHISM: WHERE DOES IT
LEAD? A META-ANALYSIS

F. Scinicariello1, E. Murray1, D. Moffett1, H. Abadin1, M. Sexton2 and B.
Fowler1. 1CDC/ATSDR, Atlanta, GA and 2Epidemiology Consultant, Atlanta, GA.
Lead poisoning, a complex disorder, affects many organs in the body. Lead inhibits
the enzyme δ-aminolevulinic acid dehydratase (ALAD) that has two co-dominantly
expressed alleles, ALAD 1 and ALAD 2. To determine the effects of ALAD polymorphism: i) on blood and bone lead and ii) on indicators of target organ toxicity
we performed a meta-analysis.
Using MEDLINE, and the terms lead poisoning, gene polymorphism and ALAD,
we searched for English-language publications from 1966 to June 2005. Studies
were included if they reported one or more of the following by ALAD1-1 and
ALAD 1-2/2-2: blood lead level (BLL), tibia lead level, trabecular lead level, ZPP,
hemoglobin, serum creatinine, BUN, DMSA-chelatable lead, blood pressure.
Sample sizes, means, and SDs for the genotype groups were extracted.
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Efficient DNA repair is critical to the protection of cells from mutagenic agents
present in tobacco smoke. Polymorphisms in several DNA repair genes have been
associated with increased risk of cancer. O6-Methylguanine-DNAMethyltransferase (MGMT) is a direct reversal DNA repair protein that plays an
important role in protecting the cell from mutations resulting from exposure to
alkylating mutagens such as those in tobacco smoke. Using the mutagen-sensitivity
assay, we recently demonstrated that two polymorphisms in the MGMT gene,
Leu84Phe and Ile143Val, are associated with increases in chromosome aberration
frequencies following exposure of lymphocytes to the tobacco-specific nitrosamine
carcinogen NNK. We are investigating the effects of this polymorphism on mutation frequency (MF) as measured by the HPRT assay. Individuals with the 84Phe
variant demonstrate a higher in vivo MF compared to homozygous referent individuals. Studies are currently being conducted to determine effect of these variants
after NNK exposure. We are also developing a novel fluorescence-based assay to determine the effect of these polymorphisms, either alone or in combination, on
MGMT protein activity. Our assay takes advantage of the fluorescence-based en-

ergy transfer (FRET) technology. Progress on assay development and protein activity is reported. (Supported by an External Research Program grant from Philip
Morris Inc. and by NIEHS T32-07454).
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METABOLISM AND TOXICITY OF STYRENE AND
HALOGENATED STYRENE DERIVATIVES IN CYP2E1
TRANSGENIC CELLS

J. Chung, W. Yuan and J. Zheng. Pharmaceutical Sciences, Northeastern University,
Boston, MA.
POLYMORPHISM AND GENE EXPRESSION OF
THYMIDYLATE SYNTHASE AND
DIHYDROPYRIMIDINE DEHYDROGENASE IN THE
PREDICTION OF SENSITIVITY TO
FLUOROPYRIMIDINE DRUGS

A. Miyajima-Tabata1, S. Ozawa1, A. Yawata2, S. Kim3, S. Ishida1, M.
Sunouchi1, J. Sawada4 and Y. Ohno1. 1Division of Pharmacology, National
Institute of Health Sciences, Tokyo, Japan, 2Department . of Hygienic Chemistry,
Showa Pharmaceutical University, Machida, Japan, 3Project Team for
Pharmacogenetics, National Institute of Health Sciences, Tokyo, Japan and 4Division
of Biochemistry and Immunochemistry, National Institute of Health Sciences, Tokyo,
Japan. Sponsor: M. Ema.
Thymidylate synthase (TS) is a major target of fluoropyrimidine drugs and dihydropyrimidine dehydrogenase (DPD) is a rate-limiting enzyme in the degradation
of those drugs. Correlation between the polymorphic 28-bp tandem repeat in the
5’-untranslated region (5’-UTR) of the TS gene (TYMS) and the sensitivity to antitumor agents of 5-fluorouracil (5-FU) and 5-fluoro-2’-deoxyuridine (FUdR) were
investigated with 35 human cell lines derived from solid tumors. The mRNA expression levels of TYMS, DPD gene (DPYD), thymidine phosphorylase (ECGF1),
thymidylate kinase (DTYMK) and uridine monophoshate sythetase (UMPS) were
measured by the real-time reverse-transcription polymerase chain reaction method
(RT-PCR) with TaqMan probes.
There was a significant correlation between 5-FU and FUdR sensitivities in these
cell lines (p<0.01). The TYMS polymorphism was significantly associated with the
FUdR sensitivity. As the result of TaqMan expression analysis, the expression level
of TYMS mRNA was correlated with DTYMK. mRNA expression levels were
below detection limit with DPYD gene in 6 cell lines and with ECGF1 gene in 4
cell lines. There was no significant correlation between each of the expression level
of above genes and the sensitivity to 5-FU or FUdR. The cell lines with lower expression of TYMS or UMPS were more sensitive to 5-FU and FUdR. The cell lines
with lower expression of DPYD or ECGF were more sensitive to 5-FU. The low levels of TYMS and DPYD mRNA cooperatively rendered the cell lines sensitive to 5FU. The combinations among TYMS, DPYD, ECGF1, and UMPS expression levels might be considered for the predictive markers for fluoropyrimidine sensitivity.
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A SINGLE NUCLEOTIDE PROMOTER POLYMORPHISM
(SNP) PLACES THE HUMAN VEGF-RECEPTOR FLT-1 IN
THE P53 STRESS-RESPONSE TRANSCRIPTIONAL
NETWORK

G. Schoenfelder1, D. Menendez2, O. Krysiak1, A. Inga1, 3, B. Krysiak1 and M.
Resnick2. 1Institute of Clinical Pharmacology and Toxicology, Charite, Berlin,
Germany, 2Chromosome Stability Section, Laboratory of Molecular Genetics, Institute
of Environmental Health Sciences, NIH, Research Triangle Park, NC and 3Laboratory
of Experimental Oncology B, National Cancer Research Institute, IST, Genoa, Italy.
Sponsor: R. Stahlmann.
VEGF overexpression frequently correlates with increased microvascularity,decreased spontaneous apoptosis and metastasis. Several studies suggest that VEGF
expression is negatively regulated by wild type p53.But, there are no reports of additional components of the VEGF signal transduction pathway being part of the
p53 transcriptional network.
A target of VEGF,the receptor flt-1 can regulate growth and migration
of endothelial cells and modulate angiogenesis.Flt-1 also appears to be up-regulated
in various types of cancers and may have a role in tumor progression and metastasis.A search for underlying genetic sources of variation in flt-1 expression between
individuals revealed a SNP in its promoter in ~6% of the people
examined.Bioinformatics predicted that the SNP occurs within a potential p53 response element (RE). There are no reports of flt-1 being a target for p53. We examined promoters containing either of the polymorphic RE sequences (FLT1T/FLT1-C) using reporter assays based in human cells with different SNP status. In
response to ectopic p53 expression, UV- and doxorubicin-induced DNA damage
we observed more than 5-fold higher transactivation with the FLT1-T construct
compared to the inactive FLT1-C. There was a clear allele discrimination based on
p53 binding at the FLT1-T but not FLT1-C promoters as well as p53-dependent
induction of flt-1 mRNA which required the presence of FLT1-T.
Our results establish that p53 can differentially stimulate transcription
at a polymorphic variant of the flt-1 promoter and for the first time directly places
the VEGF system in the p53 stress-response transcriptional network via the flt-1
system. We suggest that the p53-VEGF-flt-1 interaction is relevant to risks in angiogenesis-associated diseases including cancer.

Styrene, an important industrial chemical, has been reported to produce pulmonary injury in human and animals. The cytotoxicity of styrene is known to be
associated with its metabolism. In this study, we developed the structure-activity relationships (SAR) of styrene toxicity by introducing halogenated styrene derivatives
as an experimental tool, including 4-fluorostyrene, 4-chlorostyrene, and 4-bromostyrene. The toxicity of these halogenated styrene derivatives was assessed by use
of a CYP2E1-overexpressed cell line. The cytotoxicity was determined by Trypan
Blue exclusion and MTS assay after 24 h exposure to the individual chemical.
Interestingly, we found that the toxicity potency of these halogenated styrene derivatives increases (in both time- and dose-dependent manner) with increase in halogen’s period numbers of the Periodic Table, i.e. F < Cl < Br (toxicity order). In addition, styrene and its halogenated analogues were found to induce apoptosis with
a similar pattern in the degrees of toxicity as observed by Trypan Blue excursion and
MTS assay. Our further mechanistic studies showed that the Vmax/Km value of 4bromostyrene metabolized to 4-bromostyrene oxide is much larger than that of the
other two halogenated styrene analogues. In addition, the electrophilicity of the
corresponding oxide metabolites of the halogenated styrene derivatives was found
to be proportional to the toxicity of the halogenated styrene analogues. The SAR
studies allowed us to open new avenues for understanding of the mechanism of cytotoxicity induced by styrene.

705

THE COMPLEXITIES OF AIR POLLUTION
REGULATION: THE NEED FOR AN INTEGRATED
RESEARCH AND REGULATORY PERSPECTIVE

S. S. Nadadur1 and D. L. Costa2. 1Environmental Media Assessment, USEPA,
Research Triangle Park, NC and 2ORD, USEPA, Research Triangle Park, NC.
The United States Environmental Protection Agency is currently reassessing existing and new science that underlies current PM and ozone regulation. The scientific
literature from air quality to epidemiological studies suggest the existence of toxic
entities in the ambient and potential adverse health effects associated with their exposure. Animal toxicology studies have yet to provide convincing dose-appropriate
evidence to support the adverse human health effects reported in epidemiological
studies. The lack of molecular mechanisms indicating the biological plausibility for
health effects and uncertainties associated with epidemiological investigations necessitate the need for developing an integrated research strategy by scientists from
various disciplines in a larger more comprehensive forum to define health outcomes
and risks. The present symposium is a “think outside the box” forum to facilitate innovative global perspectives on air pollution from bench to public health outcomes
inclusive of risk assessment and regulation. The panel will discuss current research
efforts in understanding the complexities of “One atmosphere” approaches to air
pollution and the impacts on public health and the scientific basis of regulation.
The issues discussed will include (1) the state of the art efforts for a comprehensive
qualitative and quantitative analysis of the air sheds across US; (2) determination of
air quality based on sources of emission characteristics and reduction in source; (3)
air quality and health effects assessments; (4) potential toxic constituents in the ambient as determined by animal toxicology studies and (5) integrative analyses utilized in developing criteria for regulation of PM from the “one atmosphere” approach. The objective is open and free discussion of current and alternative
approaches to address public health concerns regarding air quality regulation effectively and efficiently.
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PM COMPOSITION, SOURCES, AND THEIR HEALTH
EFFECTS

P. K. Hopke. Center for Air Resources Engineering and Science, Clarkson University,
Potsdam, NY. Sponsor: S. Nadadur.
Currently the United States regulates airborne particulate matter on the basis of
mass concentrations. This approach assumes that all mass is equally toxic. However,
it seems likely that some particles are more toxic than others. With the ability to
measure a large number of chemical constituents in airborne particles, it then becomes a question as to how to group them in a manner that would provide the
input into regulations to efficiently improve public health One approach that is
being explored is receptor modeling to identify the major source types and apportion the aerosol mass to those sources. The resulting mass contributions can be
used in health effects models. The results of recent studies will be discussed.
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LINKING HEALTH EFFECTS TO SOURCES OF
PARTICULATE MATTER: IMPACTS OF SOURCE
OPERATION AND DESIGN ON PARTICLE ATTRIBUTES

A. Miller and W. P. Linak. Office of Research and Development, US Environmental
Protection Agency, Research Triangle Park, NC. Sponsor: S. Nadadur.
As the major emissions sources become more effectively controlled through regulatory actions, the pollutants from these sources no longer dominate the ambient
mixture. These changes in the ambient pollutant mix, combined with health studies that provide increasing information on how health effects are linked to source
emissions, raise the importance of understanding how changes in source emission
attributes may lead to changes in health outcomes. Modifications in source design
and operation often result in significant changes to source emission characteristics,
including changes in particle size and composition and different levels of gaseous
pollutants. In addition, the methods used to collect source emissions can also impact the characteristics of collected samples, which may result in misleading conclusions about the relationships between sources and effects in the actual environment. Engineering aspects of how particles are generated and collected is needed in
toxicological studies to fully understand whether and how sources and health effects
may be linked. Particle characteristics data generated in pilot-scale combustion systems using different fuels (including residual oil and pulverized coal) and operated
under different conditions will be discussed to demonstrate the importance and
need for information for an integrated assessment of air pollution health effects.

708

AIR POLLUTION HEALTH EFFECTS: INPUT TO
REGULATIONS

S. Vedal. Environmental and Occupational Health Sciences, University of
Washington, Seattle, WA. Sponsor: S. Nadadur.
Epidemiological findings have provided the primary motivation for recent changes
to standards controlling ambient concentrations of particulate matter (PM) and
other pollutants. Recent epidemiological studies on PM and ozone have indicated
that effects appear to occur at much lower concentrations than might be expected
based on toxicological and other experimental findings. In fact, there is little evidence, based on these epidemiological studies, that a concentration (a so-called
threshold) can be identified below which effects do not occur. Such observations,
and others, have significant implications for air pollution risk assessments and regulatory policy, and serve to highlight some of the challenges entailed in setting standards based on science.
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TOXICOLOGICAL PROFILES OF AMBIENT PM AND
GASES

T. Gordon. NYU School of Medicine, Tuxedo, NY.
The adverse cardiopulmonary effects of inhaled pollutants are traditionally studied
one pollutant at a time. The atmosphere we breathe, however, is a mixture of gases
and particles and ambient particulate matter itself is a complex mixture of organic
and non-organic substances. This talk will examine whether toxicological investigations should be conducted on a pollutant-by-pollutant basis or by looking at air
pollution as a mixture. Toxicologists have examined interactions between particles
and gases for a number of decades but nearly all of these studies have looked at binary systems. A small number of investigators have looked at multiple pollutants,
but with current technology and statistics, it has proven extremely difficult to properly evaluate dose-response curves and time course effects with more than 2 pollutants. Thus, it is a challenge to the field of inhalation toxicology to study interactions (synergy, additive, or otherwise) within the real world of multiple pollutant
exposure.
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MIXTURES WE BREATHE: IMPLICATIONS FOR AIR
QUALITY ASSESSMENT AND MANAGEMENT

J. Vandenberg. NCEA, USEPA, Research Triangle Park, NC. Sponsor: S. Nadadur.
With a goal to protect public health, air quality management programs have historically evaluated potential health risks and risk reduction strategies one pollutant at
a time. In support of management programs, health risk assessment activities have
similarly focused on characterizing the health effects of exposures to single pollutants, treating other co-pollutants as modifying or confounding factors whose influence we attempt to characterize and, if possible, minimize to best characterize
the effects of single pollutants. This focus is exemplified in the Air Quality Criteria
Documents and Staff Papers mandated by the Clean Air Act and prepared by US
EPA in support of regulatory decisions on criteria air pollutants. Emerging scien-
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tific developments on the importance of interactions among air pollutants on
health, coupled with emerging strategies to approach air quality management
strategies less focused on single pollutants and more targeted to key emissions
sources and/or pollutant combinations, suggest the promise of more holistic approaches to science and management. Such promise may best be supported by coordinated development of new science, assessment, and management programs.
The views expressed in this abstract are those of the author and do not necessarily
reflect the views or policies of the U.S. Environmental Protection Agency.
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DISTANCE LEARNING IN TOXICOLOGY: EFFECTIVE
TEACHING THROUGH TECHNOLOGY

J. Huggins1, J. Duffus3, J. Morris2 and K. Willett4. 1Bioscience and Biotechnology,
Drexel University, Philadelphia, PA, 2Information Resources and Technology, Drexel
University, Philadelphia, PA, 3The Edinburgh Centre for Toxicology, Edinburgh,
Scotland, United Kingdom and 4School of Pharmacy, The University of Mississipppi,
University, MS.
Distance learning has definitely come of age. Online courses represent an impressive knowledge base which is now relatively easy to access by college students as well
as individuals seeking mid-life career changes and/or advancement. Coupling electronic tools with teaching, asynchrony with synchrony, distance learning (asynchronous) courses can no longer be ignored as registration for them expands and
types of offerings proliferate. This rapid rate of development has, in many respects,
resulted from an increased awareness and appreciation of these techniques by many
teachers and students. The common-sense practicality associated with these endeavors has dispelled much of the mysticism surrounding this area of education.
Moreover, distance learning has come down to earth for many people around the
globe offering them opportunities for higher education that, heretofore, would
never have been obtainable. Both the thinking and the technological tools behind
development of distance learning courses in toxicology will be presented. The
speakers will be addressing online course content and delivery, nationally and internationally. Current online courses/programs will be discussed with respect to development, efficacy and quality. Asynchrony will be defined!
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ASYNCHRONOUS TEACHING AND LEARNING

J. Morris. Information Resources and Technology, Drexel University, Philadelphia, PA.
Sponsor: J. Huggins.
In this era of enhanced electronic communication and its application to higher education, it is important to remember the human side of teaching and learning.
Many of us come to this endeavor with an array of skills and experience, not all of
which are necessarily technological. This presentation will offer guidelines for
teaching and learning utilizing distance learning technologies. Pointers for beginners will be presented and discussed. Beginning, intermediate, and advanced stages
of online course preparation will be explored.
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RISK AND BENEFIT ANALYSIS OF AN ONLINE
UNDERGRADUATE TOXICOLOGY COURSE

K. Willett. School of Pharmacy, University of Mississippi, University, MS.
Online courses offer many benefits to both students and teachers particularly in the
areas of time management and convenience. However, risks associated with students not understanding the material, authentication of student work, and technology irregularities can impact effective online learning. A semester long Introduction
to Toxicology course was developed and offered two semesters at the University of
Mississippi. This presentation will include both instructor and student attitudes
and perceptions of the online version of the course, along with perceived comparisons between online and traditional environments. Recommendations to others
considering this teaching format will be provided.
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LEANING WITH THE LEARNING CURVE: TEACHING
TOXICOLOGY ONLINE

J. Huggins. Bioscience and Biotechnology, Drexel University, Philadelphia, PA.
The learning curve associated with development of online toxicology course modules often has a rather steep slope. Not only must the teacher/instructor adapt to
new technology, but also to new ways of thinking with regard to how students
learn. The teaching modules discussed in this presentation represent 4-5 years of experimentation (and perspiration!). The courses have been developed from traditional face-to-face offerings to hybrids, incorporating both traditional and online
features. Currently the courses can also be taken in fully remote, asynchronous format if desired. The online features utilized in these modules, have, for the most

part, been appreciated by the students taking the courses. Lecture materials [both
the written word and streaming video], assignments, threaded discussions, and chat
facilities form the core of these course offerings. Metrics derived from student use of
these various features are currently undergoing evaluation.
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IUPAC’S CONTRIBUTION TO DISTANCE LEARNING

J. Duffus. The Edinburgh Centre for Toxicology, Edinburgh, Scotland, United
Kingdom.
The International Union for Pure and Applied Chemistry (IUPAC) through its
Commission on Toxicology with the support of the Committee on the Teaching of
Chemistry has used the IUPAC web site to promote distance learning in toxicology
for chemists. A set of educational modules entitled, Essential Toxicology, were compiled and put through the normal thorough review procedure of IUPAC before
being approved by the organization. The modules are supported by glossaries and
are freely downloadable in Adobe PDF format. The modules are designed to be
used both by educators and by students. Educators are asked to select whatever is
appropriate to their students and to use the material as they wish, adding content
specifically relevant to their circumstances.
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S. G. Gilbert1 and J. L. Mattsson2. 1INND, Seattle, WA and 2Dow AgroSciences,
Indianapolis, IN.
The precautionary principle (PP) as an approach to decision making on issues related to environmental and human health is controversial. However, the precautionary principle is receiving increased attention in North America and Europe as a
supplement to risk assessment. The foundation of the precautionary principle can
be expressed as the common-sense advice to “err on the side of caution.” It is intended to apply to a range of situations that involve both a threat of harm as well as
scientific uncertainty. While the PP may seems like common-sense to some to some
people, others are concerned the application of the PP will needlessly increase costs
and stifle technological advancements. This workshop will start by providing an
overview of the PP with historical examples of lessens learned. Next, is an examination of decisions making in the face of the uncertainty that often confronts issues of
cause and effect. Alternatives approaches such as green chemistry will be considered. Finally, there will be a more critical examination of the PP with an opportunity for discussion of the applications and implications of widespread use of the PP
as an approach to decision making.
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POSTGRADUATE TOXICOLOGY EDUCATION VIA THE
INTERNET

P. Wright2 and D. J. Huggins1. 1Bioscience and Biotechnology, Drexel University,
Philadelphia, PA and 2Key Centre for Toxicology, RMIT University, Melbourne, VIC,
Australia.
Using the case study of the world’s first fully-online Toxicology postgraduate programs which commenced in 2001, i.e. the Graduate Diploma in Toxicology and
Masters of Applied Science in Toxicology developed at the Key Centre for
Toxicology, Royal Melbourne Institute of Technology (RMIT-University), this
presentation will detail how such programs are developed and delivered, and also
discuss the major considerations when running fully-online postgraduate courses,
i.e.: uses of online breakout groups and discussions (such as for teaching risk assessment or chemical/drug evaluation); distance co-supervision of research projects for
minor theses (using our experience and feedback on the process from projects run
in both developed and developing countries); use of learning journals and workplace practical applications, and other distance learning modes; and the issues of
delivering appropriate course content and revision tools (e.g. quiz banks) that are
also common issues to undergraduate and mixed-mode courses. A detailed description of issues faced when delivering such online toxicology programs to students in
developing countries will also be addressed, from the experience of this online program having been adopted in 2003 by the International Union of Toxicology
(IUTOX) for this purpose.

THE PRECAUTIONARY PRINCIPLE: IMPLICATIONS
AND APPLICATIONS

AN INTRODUCTION TO THE PRECAUTIONARY
PRINCIPLE

S. G. Gilbert. INND, Seattle, WA.
The precautionary principle (PP) was first defined as Principle 15 of the Rio
Declaration, in 1992 and further refined in at the Wingspread Conference in 1998
as: “When an activity raises threats of harm to human health or the environment,
precautionary measures should be taken even if some cause and effect relationships
are not fully established scientifically.” A precautionary approach to decision making can be started by asking the question: “Is it necessary?” Central components of
the (PP) include a) taking preventive action in the face of uncertainty; b) shifting
the burden of responsibility to the proponents of an activity; c) exploring a wide
range of alternatives to possibly harmful actions; d) increasing public participation
in decision making. The PP is based on a foundation of bioethical constructs that
require consideration of the broader biotic community. Historically, there are a
number of examples illustrating how applications of the PP would have protected
human health and resulted in significant cost savings. Currently in the PP is being
applied in U.S. cities such as San Francisco, Seattle, and Portland as well in Europe.
This presentation will provide a broad bioethical perspective on the PP as well as
historical and current applications.
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ASPIRATIONS AND LIMITATIONS OF THE
PRECAUTIONARY PRINCIPLE

G. E. Marchant. Arizona State University College of Law, Tempe, AZ.
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TOXICOLOGY IN THE COURTROOM: ESTABLISHING
‘CAUSATION’ A ROUNDTABLE DISCUSSION

R. Parent1, D. L. Eaton2 and B. D. Goldstein3. 1Consultox LTD., Damariscotta,
ME, 2Department Env Occup Health Science, University of Washington, Seattle, WA
and 3Graduate School of Public Health, University of Pittsburgh, Pittsburgh, PA.
Currently both Federal and State courts are attempting to adequately define criteria
for establishing or dismissing causal relationships between toxicological effects and
exposures to various agents such as drugs and chemicals. Although Federal and
State courts in the Frye, Daubert and Havner rulings have stiffened the requirements for causation, it is the Bradford Hill Criteria (established primarily for assessment of causation using epidemiological data) that have been the backbone for
these efforts. Not surprisingly, application and interpretation of the Hill Criteria in
the courtroom has been variable, often resulting in over reliance on epidemiological
evidence with a lesser role for the more controlled toxicological studies. From the
court’s perspective, there are two types of ‘causation’: general causation and specific
causation. In the former, the court generally need only ascertain that there is a reasonable scientific and/or medical basis to assume that the substance in question is
capable causing the alleged injury, illness or disease in order for the case to move
forward. Specific causation addresses the issue of a personal injury caused or not
caused by a particular drug or chemical within a reasonable degree of scientific or
medical probability. Toxicological evidence can play a critical role in establishing
both general and specific causation. The panelists will address the strengths and
limitations of various types of toxicological and epidemiological data in the context
of the causation issue. Issues relating to causation will be discussed from various
viewpoints in hopes of providing some insights and clarifications for the bench and
for litigants. The three participants in this roundtable are experienced in dealing
with these issue both in the courtroom and elsewhere.

In every jurisdiction in which it has been adopted to date, the precautionary principle has evolved from a general policy to a binding legal rule. This presentation will
discuss the implications of the precautionary principle as a binding rule, and discuss
some examples of prudent and imprudent decisions applying the precautionary
principle as a legal rule. One prevalent problem is that there many different versions
and interpretations of the precautionary principle, yet adopters of the principle
such as the European Union simply adopt into law “the” precautionary principle
without defining which version or interpretation they mean. Second, each version
of the precautionary principle suffers from critical ambiguities such as what level of
risk is acceptable, what quantum of data must a technology proponent produce to
satisfy the principle, what types of risks are subject to the principle and which are
not, how economic costs of regulation are to be weighed against the benefits of regulation (if at all), and what types of actions the precautionary principle requires
when it does apply. The combined effect of these two problems create the potential
for the precautionary principle to be applied in an arbitrary and capricious manner.
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GREEN CHEMISTRY: DEVELOPING SUSTAINABLE
ALTERNATIVES TO POLLUTING TECHNOLOGIES

T. Collins. Carnegie Mellon University, Pittsburgh, PA. Sponsor: S. Gilbert.
A central component of the precautionary principle is the substitution or application of less hazardous chemicals or approaches. Green chemistry has been defined
by Paul Anastas and John Warner as “the utilization of a set of principles that reduces or eliminates the use or generation of hazardous substances in the design,
manufacture and application of chemical products.” Green chemistry has the potential to provide less toxic and cost effective approaches to a variety of industrial
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processes and consumer products. Over the last three decades, my research has been
focused on the challenge of creating small molecule mimics of peroxidase and
monooxygenase enzymes. This goal coincides with a central goal of green chemistry, namely that of shifting the elemental composition of commercial oxidation
systems away from chlorine and heavy metals toward the biochemical oxidants,
oxygen and hydrogen peroxide, to reduce the production and distribution of persistent and/or bioaccumulative pollutants. We have solved the long-standing peroxidase mimic challenge by developing oxidatively robust tetraamido-macrocyclic ligands (TAML) via an original iterative design process in which oxidation-sensitive
ligand moieties are identified and replaced. It turns out that subtle changes in the
structure and composition of TAML systems can greatly enhance the robustness of
their complexes towards oxidative and hydrolytic degradation leading to the invention of widely patented TAML® oxidant activators which are undergoing commercial development. Iron-TAML® activators are proving to be as effective as peroxidase enzymes in their rates of reactivity and exhibit impressive turnover numbers.
Their selectivity for peroxidase over catalase behavior is large with many important
commercial substrates and pollutants. They also activate oxygen via novel coordination chemistry—a new type of chemistry of oxygen with iron. Their design is informed by mechanistic understanding of their mode of action. The design history,
nature, properties, uses, and mechanistic behavior of TAML® catalysts and the research aspects of their reduction to practice for selected technologies will be
sketched.
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THE HAZARDS OF THE PRECAUTIONARY PRINCIPLE

J. L. Mattsson. Human Health Assessment, Dow AgroSciences, Indianapolis, IN.
Consumers and industry have enjoyed and profited by the tremendous advance in
science and technology. This is possible only with the rapid application of new
processes and procedures that provide innovative new products from mobile phones
to agricultural products. The current well established risk assessment procedures are
designed to examine the hazards of a substances and take into consideration susceptible individuals. Risk management takes into considerations cost benefit issues and
risk communication provides procedures for communicating with the public. Wide
application of the precautionary principle would unnecessarily complicate the decisions making procedures while adding little of value which serves to only increase
the cost to the consumer. This presentation will contrast the PP to current decisions-making processes and demonstrate the weakness of a PP approach.
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RESEARCH AND DEVELOPMENT OF CHILD SPECIFIC
RISK ASSESSMENT IN CALIFORNIA

G. V. Alexeeff1 and A. de Peyster2. 1OEHHA, Cal/EPA, Oakland, CA and
2
Graduate School of Public Health, San Diego State University, San Diego, CA.
Recent California laws require child-specific risk assessments to ensure protection
of infants and children as well as other sensitive populations. Further, several
California institutions are conducting research to ascertain infant and child-specific
vulnerabilities. Researchers will discuss recent work on ascertaining developmental
vulnerabilities, particularly those pertaining to the lungs, nervous system and cancer susceptibility. Evaluation of child-specific vulnerabilties has lead to the listing of
5 child-specific toxic air contaminants, new guidelines for evaluating air risk to infants and children and new standards for particulate matter and ozone. These activities have lead to new proposed guidelines for site mitigation and a reevaluation of
water contaminant levels. This symposium will provide other scientists with information on recent developments in California.
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IMPACTS OF ENVIRONMENTAL CHEMICALS ON THE
DEVELOPING LUNG

C. G. Plopper and M. V. Fanucchi. VM-APC, University. of California, Davis, CA.
The respiratory system is a target for a wide range of toxic environmental contaminants. While the acute and chronic effects of a large number of these substances
have been well characterized for the respiratory system of adult mammals, there is
significantly less known about the impact of these lung-targeted compounds on the
developing respiratory system. The lung, while fully functional at birth, develops
significantly during childhood. A number of toxic chemicals have been shown to
impact development of the lung including altering airway branching, alveolar development, innervation of the airway, mucosal immunity and attained lung function. The pattern of lung development itself may play a significant role in modulating toxic responses, since significant portions of lung growth and
cytodifferentiation occur postnatally. Postnatal exposure to environmental contaminants which are recognised to target the lung in adults produces different patterns
of response in young animals, including: 1)elevated susceptibility to acute injury
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and inflammation; 2)failure of acute lesions to repair; 3)altered processes which regulate airway growth; 4)alterations in the processes which regulate cytodifferentiation of the airway components; 5)disruption of extracellular signalling complexes
which regulate the trophic interactions within the airways; 6)irreversible disruption
of growth and differentiation which is reflected in compromised organization of the
lung in adults. The response patterns appear to vary depending on the stages of airway growth, alveolarization and cytodifferentiation of target cell populations at the
time of exposure. Despite limited information on the respiratory toxicity of environmental contaminants in the young compared to adults, two things are clear
about the response of the respiratory system during development:1) the respiratory
system in pre- and postnatal animals is more susceptible to injury from lung-directed toxicants than it is in adults of the same species; 2) the differences in toxic response to respiratory-targeted compounds among species are amplified when responses are evaluated during lung development.
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NEURODEVELOPMENTAL TOXICITY AND
ENVIRONMENTAL CONTAMINANTS IN CALIFORNIA’S
RESEARCH AND REGULATORY PROGRAMS

M. S. Golub1, 2. 1Office of Environmental Health Hazard Assessment, California
Environmental Protection Agency, Sacramento, CA and 2Environmental Toxicology,
University of California, Davis, Davis, CA.
Population studies, regulatory programs and research projects in California are beginning to focus on the possible contribution of environmental chemicals to neurodevelopmental disorders such as learning disabilities, ADHD and autism.
Information will be provided from the Center for the Health Assessment of
Mothers and Children of Salinas (CHAMACOS) of the University of California
Berkeley, the Medical Investigation of Neurodevelopmental Disorders (MIND)
Institute of the University of California Davis. In addition recent regulatory consideration of PBDE exposure and consequences will be described.
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CALIFORNIA’S ASSESSMENT OF THE IMPACTS OF
EARLY IN LIFE EXPOSURE ON CARCINOGENIC
POTENCY

L. Zeise. Cal/EPA, Office of Environmental Health Hazard Assessment, Oakland, CA.
A relational database has been constructed to evaluate the effect of age at exposure
on cancer susceptibility. The database contains data extracted from published animal cancer bioassays that utilize exposure in distinct life stages, such as prenatal,
postnatal, juvenile and adult. Strict selection criteria and standardized methods
have been used to extract and compile the data. Data analyses indicate there can be
considerable differences in cancer potency and hence risk following exposure at different life stages, with variable magnitude among chemicals. The presentation will
show this for chemicals with multiple studies of varied design and for a set of chemicals studied under similar protocols. In light of these findings, various criteria and
methods for evaluating cancer risk from early in life exposure will be discussed.
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IMPLEMENTATION OF CALIFORNIA’S CHILDREN’S
ENVIRONMENTAL HEALTH PROTECTION ACT

M. Marty. Air Toxicology and Epidemiology Branch, Cal/EPA, OEHHA, Oakland, CA.
In response to growing concern about the impacts of environmental contaminants
on children’s health, the California legislature passed the Children’s Environmental
Health Protection Act. The Act requires Cal/EPA, when developing Ambient Air
Quality Standards (AAQS) or evaluating the impacts of exposure to Toxic Air
Contaminants (TACs), to specifically consider different exposure patterns of infants and children, and special susceptibilities of infants and children with regard to
response to toxicants. Cal/EPA has developed new AAQS for PM and ozone, and is
developing risk assessment guidelines that consider age-related diferences in response to toxicants emphasizing children. This presentation will discuss Cal/EPA
activities to date with respect to evaluating air pollutants’ health impacts on children, emphasizing risk assessment issues. Key features of our risk assessment guidelines for airborne toxicants and examples of risk assessments for TACs designed to
provide adequate protection for infants and children will be presented.
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CALIFORNIA’S PUBLIC HEALTH GOALS TO PROTECT
INFANTS AND CHILDREN FROM DRINKING WATER
CONTAMINANTS

A. M. Fan and R. A. Howd. Office of Environmental Health Hazard Assessment,
California Environmental Protection Agency, Oakland, CA.
Increasing attention given to effects of water contaminants on sensitive populations
led to the passage of a new law in California (AB2342, 2004) which requires more
consideration of sensitive populations, including infants and children, in re-evalua-

tion of public health goals (PHGs) for chemicals in drinking water. Since 1997 we
have developed more than 70 PHGs. Among these, 9 were based on infants, pregnant women and their fetuses, and/or children. The quality of the databases available for evaluation of sensitive subgroups varies. Nitrate and perchlorate are two examples to show the application of the principles for consideration of sensitive
populations in development of PHGs. The nitrate database is focused on sensitivity
of infants. For this we have information on differences between infants and adults
on induction of methemoglobinemia by nitrate ingestion from drinking water, and
related toxicity data on infants, which led to a PHG for protection of infants as the
most sensitive population. The perchlorate evaluation involved different sensitive
populations and an indirect health effect. In this case pregnant women and their fetuses, as well as infants, are sensitive populations, based on potential fetal and infant
developmental effects resulting from inhibition of thyroid iodide uptake. Adding to
the issue of sensitivity to perchlorate is the emerging issue of effect of nitrate and
other environmental goitrogens on the thyroid. Application of factors such as those
for water consumption rate, relative source contribution, other sources of exposure,
and body weight for these different segments of the population results in different
health protective concentrations of perchlorate in drinking water. Consideration of
mode of action and a better understanding of the differences among different subgroups of the general population are necessary to provide and document an adequate level of protection for the sensitive subpopulations.
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CONCEPT, HISTORY AND APPLICATION OF SAFETY
THRESHOLDS

D. Jacobson-Kram. Center for Drug Evaluation, US Food and Drug Administration,
Rockville, MD.
Paracelsus over 400 years ago pointed out that “All substances are poisons…The
right dose differentiates a poison and a remedy.” Thresholds for toxicities are a basic
tenet of toxicology. With the exception of carcinogenicity and mutagenicity, all
chemically-induced adverse health effects are thought to have thresholds, exposures
below which there is no increased risk for the adverse effect. In drug development,
“margins of safety” (the difference between the therapeutic and toxic doses) are used
to define risks associated with particular drug therapies. ICH guidelines Q3A and
Q3B have defined thresholds for reporting, identification and qualification of impurities in drug substances and drug products, respectively. ICH Q3C describes
risk assessment methods for residual solvents. Implicit in these guidelines is the notion that exposures to impurities and degredants below a certain level convey no
significant risk of adverse effect. Mutations and cancers associated with genotoxic
chemicals are generally viewed as lacking a threshold, i.e., every exposure conveys
some additional risk. Because it is also generally agreed that complete elimination
of such exposures is not possible, regulatory agencies have adopted risk assessment
strategies designed to define acceptable exposure levels to such agents including
genotoxic impurities in drugs. Such exposures are referred to as “thresholds of toxicological concern” (TTCs) and specify lifetime daily exposures which result in increased risks of no more than 1 in 100,000 or 1 in 1,000,000.

DEVELOPING CHILD-SPECIFIC REFERENCE DOSES
FOR SCHOOL SITE ASSESSMENT

D. M. Siegel, S. A. Knadle, D. Chan and J. Carlisle. OEHHA, Cal/EPA,
Sacramento, CA.
In response to several incidences where existing and newly constructed schools were
found to be built on contaminated soil, the California Legislature mandated that
funding for school construction be contingent on a health risk evaluation of the
sites. It also requires that specific guidance be developed for the assessment of
health risks to children in schools, and that chemical contaminants found at school
sites that pose a specific risk to children be identified and child-specific health guidance values be developed for use in the risk assessment process. Guidance has been
developed based on school and child-specific exposures to contaminants at school
sites. A compilation of 78 chemicals has been prepared and child-specific Reference
Doses and child-specific Reference Concentrations are being developed for these
chemicals. The importance of understanding the developmental process from birth
to adulthood on the selective sensitivity of children has become a crucial finding.
These program activities will be summarized and the finding discussed in relationship to two chemicals being assessed, endosulfan and toluene.

730

731

DEVELOPMENT OF SAFETY QUALIFICATION
THRESHOLDS AND THEIR USE IN DRUG PRODUCT
EVALUATION

D. J. Ball1 and R. O. McClellan2. 1Safety Sciences, Pfizer, Inc., Groton, CT and
2
College of Pharmacy, University of New Mexico, Albuquerque, NM.
Analytical techniques are sophisticated and capable of detecting and identifying
chemicals at picogram quantities. However, it is generally accepted that there are
levels of many chemicals below which the risks to human health are so negligible as
to be of no consequence. This rationale has been the impetus for development of
safety thresholds for regulating chemicals to which humans are exposed. Safety
thresholds have a history of use in regulatory applications, most notably in guidelines for food packaging. Recently, such thresholds have been developed for application to pharmaceutical drug products. One of these applications is for leachables
in orally inhaled and nasal drug products (OINDP) that are developed for delivery
of drug substance directly to the respiratory or nasal tract to treat either a respiratory or nasal condition, or a systemic disease. Examples of OINDP include metered
dose inhalers, dry powder inhalers, solutions/suspensions for nebulization, and
nasal sprays. In OINDP, the drug substance is usually contained in a delivery device
that may contain polymers, elastomers, and other components from which minute
quantities of material may migrate (leach) into the product and be delivered to the
sensitive surfaces of the respiratory and/or nasal tract along with the therapeutic
agent. While every effort is taken to reduce the levels of these leachables, complete
removal is not possible. Because leachables are non-drug-related impurities, there is
an increased concern for human risk by inhaling them on a daily basis. Historically,
acceptable levels of leachables in OINDP have been set by negotiation with regulatory authorities on a case-by-case basis with no standard guidelines available.
Recently, safety thresholds for risk assessment of leachables have been developed
through a joint effort of US FDA, academia and industry scientists and have addressed current concepts, background, historical use and development of safety
thresholds and their utility in qualifying leachables in OINDP.
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EXTRACTABLES AND LEACHABLES IN THE
PHARMACEUTICAL DEVELOPMENT PROCESS

D. L. Norwood. Analytical Sciences, Boehringer Ingelheim Pharmaceuticals, Inc.,
Ridgefield, CT. Sponsor: D. Ball.
The control of organic leachables is of great importance in the development of high
quality, safe, and efficacious drug products. This is especially true in the case of
Orally Inhaled and Nasal Drug Products (OINDP), such as Metered Dose Inhalers
(MDIs), inhalation solutions, nasal sprays, and Dry Powder Inhalers (DPIs). This
presentation will discuss the evaluation and control of extractables and leachables
within the context of the overall pharmaceutical development process. Although
emphasis will be placed on OINDP, other dosage forms such as injectables and parenterals will be discussed. The presentation will describe the analytical assessment
of extractables and leachables in the pharmaceutical development process, and how
this assessment can incorporate analytical thresholds based on safety thresholds.
The application of modern analytical chemistry to the extractables/leachables problem will be discussed, including analytical instrumentation, laboratory techniques,
experimental protocols, and identification criteria for individual extractables/leachables. The discussion will be illustrated with appropriate examples from actual case
studies. Control of drug product leachables for OINDP as well as other dosage
forms, is best accomplished through the control of extractables profiles from the
drug product container closure system components from which the leachables arise.
Extractables/leachables control strategies for various drug product types will be described and discussed, along with the information requirements for implementation of these control processes. The role of safety based analytical thresholds will
also be discussed within the context of extractables control strategies. An overview
of a pharmaceutical development process that integrates both toxicological and analytical chemistry expertise will also be provided.
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SAFETY THRESHOLDS FOR LEACHABLES IN ORALLY
INHALED AND NASAL DRUG PRODUCTS (OINDP)

W. Vogel. Safety Sciences, Pfizer, Inc., Ann Arbor, MI.
Leachable impurities migrate into drug products from the container closure system.
In the absence of regulatory thresholds, acceptable levels have been negotiated on
an ad hoc basis. The PQRI Working Group developed a 2-tiered qualification
scheme for leachables, proposing a 0.15 µg/day Safety Concern Threshold (SCT),
below which concern for carcinogenicity is negligible, and a 5 µg/day Qualification
Threshold (QT), below which concern for noncarcinogenic toxicity is negligible.
The SCT is based on the potencies of 276 compounds in the Carcinogenic Potency
Database (CPDB) that are positive in bacterial mutagenicity assays. Human 10-6
risk specific doses, were estimated from TD50 values by linear extrapolation and allometric scaling. The median 10-6 risk specific dose for these carcinogens is 0.36
µg/day, and the median excess cancer risk at 0.15 µg/day is 0.41 x 10-6, meeting
the criterion that a leachable below the 0.15 µg/day SCT is unlikely to have a lifetime excess cancer risk >10-6. Potency of the small set of carcinogens tested by inhalation mirrors that of compounds tested by all routes; thus CPDB data from all
routes should be representative of inhalation carcinogens. Potent mutagens, such as
nitrosamines, may require lower compound-specific thresholds and dedicated

SOT 2006 ANNUAL MEETING

149

methods. The QT is based on reference doses (RD) posing negligible human health
risks for inhaled chemicals. RDs are determined by regulatory agencies applying
standard safety factors to no-observed-adverse-effect levels for noncarcinogenic toxicity. For a set of 150 inhaled compounds, median RDs were 120 µg/day (10th percentile, 1.5 µg/day) for those causing respiratory toxicity, and 1940 µg/day (10th
percentile, 5 µg/day) for those causing systemic toxicity. Based on large (~100x)
safety margins incorporated in RDs, leachables at intakes <5 µg/day should pose
negligible health risks. Further estimates indicate that the QT would protect sensitive subjects, such as asthmatics, from irritating levels of most compounds. The QT
was derived from inhalation data and may not apply to other routes.

734

USE OF SAFETY THRESHOLDS IN THE
PHARMACEUTICAL DEVELOPMENT PROCESS FOR
OINDP: AN INDUSTRY PERSPECTIVE

J. D. Blanchard. Safety Evaluation, Aradigm Corporation, Hayward, CA.
The PQRI proposed safety thresholds for leachables and extractables in OINDP
should be used within a rational and cohesive pharmaceutical development process,
which also encompasses the safety qualification process. Historically, acceptable levels of leachables in OINDPs have been set by negotiation with the FDA on a caseby-case basis. The SCT and QT provide safety evaluation guidelines that are standardized and streamline the safety evaluation by focusing it on substantive issues
related to product safety and avoiding unwarranted evaluation of trace leachables.
The safety qualification of the leachables involves several steps, many of which involve the chemist: 1) the chemist should convey identification information on the
leachables to the toxicologist; 2) for leachables above the SCT, the toxicologist
should conduct structure-activity relationship (SAR) analyses and literature
searches to determine which leachables require further risk assessment. To make
this decision, the toxicologist requires knowing from the chemist if the level of
structural identification is sufficient, and the leachable concentrations to which the
patient would be exposed. Based on this information, further risk assessment and
potential qualification may be performed using a decision tree. In general, a leachable with a total daily intake (TDI) > QT would require a risk assessment. A leachable with TDI ≤ QT (and > SCT), would be considered qualified, unless it had a
structural alert or a known class effect for carcinogenicity/genotoxicity or immediate hypersensitivity, in which case a risk assessment would be required.
Furthermore, a leachable with a TDI < SCT would be considered qualified, even if
it had a structural alert or class effect, unless the leachable had special safety concerns [e.g., nitrosamine, polynuclear aromatic (PNA), mercaptobenzothiazole,
etc.], which would require a case-by-case evaluation.
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USE OF SAFETY THRESHOLDS IN THE
PHARMACEUTICAL DEVELOPMENT PROCESS FOR
OINDP: A REGULATORY PERSPECTIVE

T. McGovern. Center for Drug Evaluation, US Food and Drug Administration,
Rockville, MD. Sponsor: D. Ball.
The presence of extractables/leachables in OINDP can impact upon the safety and
eventual approval of a drug product. The US FDA’s Division of Pulmonary and
Allergy Products previously implemented a safety qualification threshold for noncarcinogenic and non-irritant effects based on an assessment of a US EPA database.
The PQRI safety thresholds for OINDP expand on the previously implemented
threshold and include carcinogenic and local irritant potential. Safety qualification
thresholds can be used to support the safety of compounds for which limited toxicology data exist and should be used in conjunction with assessments of structural
activity relationships and available data. The use of safety thresholds allows for a
more efficient qualification procedure, better allocation of resources to more significant safety concerns and a reduced need for additional animal testing.
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RISK ASSESSMENT AND REGULATORY IMPLICATIONS
OF CONVULSIVE NEUROTOXICITY
1

2

4

3 1

M. J. Kallman , C. Markgraf , G. Schafer and J. Arezzo . Pharmacology
Toxicology Research, Lilly Research Labs, Greenfield, IN, 2Safety Pharmacology,
Schering-Plough Res Institute, Lafayette, NJ, 3Neurology, Albert Einstein University,
New York, NY and 4WIL Research Labs, Ashland, OH.
This symposium will focus on approaches for developing a risk assessment around
the adverse occurrance of convulsion for a new pharmaceutical agent. State of the
art understanding of non-clinical to clinical modeling of convulsion and strategies
for providing clinical safety will be discussed. A new perspective on recent interactions with FDA around convulsive liabilities and potential pharmaceutical industry
strategies for mitigating the clinical risk associated with convulsion will be provided.
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PRECLINCIAL SAFETY ASSESSMENT OF
PHARMACEUTICAL CANDIDATES WITH SEIZUREGENIC POTENTIAL

C. Markgraf. Schering Plough Research Institute, Lafayette, NJ.
Evaluating the safety of new drug candidates that have the potential to produce
seizures poses a challenge: are there preclinical models that can reliably predict
seizures in humans? In this presentation, preclinical models of seizure-genic potential will be reviewed and their uses for evaluation of potential pharmaceutical candidates will be discussed. Seizures are a complex phenomenon that involves one or
more brain areas and are best predicted in an animal model. Preclincal models in
rats and mice in which seizures are elicited by an electric, chemical or sensory stimulus have been widely used to evaluate a compound’s threshold for causing a
seizure. In addition, stimulation of locomotor activity in rodents has been used to
detect potentially seizure-genic compounds, Clinically recognized seizure-genic
drugs such as pentylenetetrazol (PTZ) have shown activity in these rodent models
and thus these models have some predictive validity. Demonstrating that a compound lowers seizure threshold is only a single component of a full evaluation.
Detailed behavioral observation after adminstration of a potential seizure-producing compound can allow detection of pre-seizure behaviors at low doses. These
models can be used in large animals, such as dogs, as well as in rodents, and the behaviors may offer insight into the clinical setting. More directed behavioral testing,
such as examination of the effects of the compound on kindling in the hippocampus or amygdala, may offer additional insight into potential causes of seizure activity of a compound.
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NON-INVASIVE EEG MEASURES AS A PREDICTOR OF
SEIZURES

J. C. Arezzo. Neuroscience and Neurology, Albert Einstein College of Medicine, Bronx,
New York, NY. Sponsor: C. Markgraf.
Compound-induced seizures are a growing concern as more putative therapies target neurotransmitter function. Not all seizures are associated with clear behavioral
manifestation. Conversely, not all convulsions are due to seizures. For instance, absence seizures, are characterized by a paucity of movement.
Electroencephalophaphy (EEG) is the oldest physiologic measure of neural activity
and reflects the activation and synchrony of millions of neurons. This non-specific
measure can provide an objective and sensitive index of the onset of neural activity
correlated with seizure susceptibility (presence of sharp waves), can identify paroxysmal brain waves, which often antecede and may predict the incidence of seizures
(burst of sharp wave activity escalating in frequency or amplitude), or can document the onset, spatial location, and pattern of frank seizures (tonic-clonic vs. partial complex seizures). The establishment of a true NOEL for an experimental compound should never be based on the absence of behavioral seizures. Lower doses of
the same compound may cause clearly defined EEG manifestations associated with
substantially greater risk for compound-induced epileptiform activity. The NOEL
for seizures should also be based on repeat dosing, as paroxysmal EEG and seizures
may reflect the sensitization of neural populations. It is now feasible to record longitudinal changes in EEG from unanesthetized mice, rats, dogs and monkeys using
non-implanted subcutaneous electrodes. Recent advances in computer modeling
have greatly expanded the sensitivity of EEG to seizure disorders, while computeraided spatiotemporal analysis has allowed exploration of effects distributed over
both cortical and sub-cortical regions. An emerging strength of EEG is its ability to
explore the effects of putative neurotoxins on inherent rhythms of the brain (cortical gamma waves). Finally, stimulus-induced EEG has recently emerged as a
method of targeting non-phase locked brain activity, which may reflect compoundinduced pre-seizure and frank seizure related patterns.
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REDUCING ADVERSE CLINICAL RISK FOR
CONVULSION BY UNDERSTANDING PREMONITORY
EVENTS AND POTENTIAL BIOMARKERS

M. J. Kallman. Pharmacology Toxicology Research, Lilly Research Labs, Greenfield, IN.
Convulsions are considered adverse in both clinical and non-clinical situations although many marketed pharmaceuticals have convulsive liabilities at therapeutic
doses. Risk assessment around convulsion is similar in many aspects to the risk assessment around any toxic event associated with a new pharmaceutical compound
prior to first human dose. This presentation will focus on applications of nonclinical data to support a risk assessment for convulsion in the clinic and will discuss
strategies for using nonclinical data to provide reassurance of detection of events
premonitory to convulsion in the clinic. Species-specific issues related to temperature regulation and inhibitory control can be evaluated by testing of both rodent
and dogs or monkeys in toxicology studies. The premonitory profiles for
pentylenetetrazol and several Lilly compounds with convulsive liabilities illustrate

that hyperreactivity and tremor are common precedents to convulsion that may
serve as clinical biomarkers of compound effect. Understanding the ease of monitoring these events in the clinic, the steepness of the dose response curve for the biomarker, predictability of the nonclinical biomarker to the clinical situation, and
identification of the dose margin for observing the premonitory event to the adverse convulsive event can all be useful in managing the conduct of a successful
clinical trial. Compounds with different convulsive profiles, including delayed
onset convulsions, convulsions accompanied by brain alterations, and convulsions
accompanied by no pathology indices can require different approaches to risk assessment in the clinic.
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RISK ASSESSMENT OF CLINICAL SEIZURE POTENTIAL

A. S. Chappell. Eli Lilly and Company, Indianapolis, IN. Sponsor: M. Kallman.
Many drugs indicated for the treatment of diseases such as depression and dementia work via decreasing inhibition or increasing excitation in the central nervous
system (CNS). Such drugs at some dose are likely to cause excessive CNS excitation
resulting in seizures. It is the responsibility of scientists developing such drugs to
determine if their therapeutic benefits outweigh their risk of seizures. Before the efficacy of such drugs can be demonstrated, however, their safety is tested, usually in
healthy subjects, in phase 1 single dose and multiple dose safety studies. For drugs
being developed for indications such as cancer or Alzheimer’s disease, healthy subject studies may be omitted and early trials done in the target patient population
where disease severity warrants more risk than would be acceptable in healthy subjects. Whether healthy subjects or patients are recruited for phase 1 trials, the
seizure liability of these drugs must be carefully studied. Patients with a prior history of seizures or with abnormal electroencephalograms (EEGs) at baseline should
be excluded. EEGs should be used to monitor for changes in CNS excitability during the course of early trials. Healthy subjects or patients should be interviewed and
examined frequently in an attempt to identify early symptoms and signs of increased CNS excitability such as nervousness and tremors. If such symptoms and/or
signs are identified they can be used to set a maximally tolerated dose that will not
result in seizures. If development of such drugs continues and EEG changes and/or
seizures do not occur, monitoring via EEG can be gradually discontinued and inclusion criteria made less restrictive.
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ROLE OF MITOCHONDRIA IN TOXIC OXIDATIVE
STRESS

M. W. Fariss1, 2, B. Van Houten4, M. Patel1, 3 and S. Orrenius5. 1Pharmaceutical
Sciences, University of Colorado Health Sciences Center, Denver, Co., 2University of
Colorado Cancer Center, University of Colorado Health Sciences Center, Denver, Co.,
3
Program in Neuroscience, University of Colorado Health Sciences Center, Denver,
Co., 4Laboratory of Molecular Genetics, National Institute of Environmental Health
Sciences, NIH, Research Triangle Park, NC and 5Institute of Environmental
Medicine, Division of Toxicology, Karolinska Institutet, Stockholm, Sweden.
Considerable experimental and clinical evidence supports the importance of mitochondria and mitochondrial oxidative damage as a critical target and event in toxic
oxidative stress-related diseases, including many induced by toxicants. For example,
antioxidants such as vitamin E derivatives directed to mitochondria have been
shown to protect cells against toxic oxidative stress. Though the critical mitochondrial events responsible for oxidative stress-mediated cell injury and death (toxic oxidative stress) have yet to be defined, oxidative damage to mitochondrial lipids, nucleic acids and proteins appear to be important events in these toxic processes. The
purpose of this Symposium is to report recent experimental evidence defining how
mitochondrial responses to oxidative stress such as mitochondrial cardiolipin oxidation/depletion, persistent mitochondrial DNA damage and mitochondrial aconitase inactivation can lead to cell injury and death. With a better understanding of
the critical molecular events (targets) in mitochondria responsible for toxic oxidative stress, we can look forward to the development of more effective protective
therapies.
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PROTECTIVE ROLE OF MITOCHONDRIAL VITAMIN
E IN TOXIC OXIDATIVE STRESS

M. W. Fariss. Pharmaceutical Sciences and Cancer Center, University of Colorado
Health Sciences Center, Denver, CO.
Mitochondrial oxidative damage appears to play an important role in the etiology
of numerous oxidative stress-mediated clinical conditions including toxicant-induced injury. One possible protective strategy is to enrich tissue mitochondria with
antioxidants thereby limiting mitochondrial oxidative damage and cellular injury.
This strategy has been successfully employed in recent in vitro and in vivo experi-

ments using the administration or induction of enzymatic and nonenzymatic antioxidants that are targeted to mitochondria. Surprisingly, we have recently discovered that hepatic mitochondrial membranes contain only a fraction (30%) of the
predominate membrane-bound antioxidant, d-α-tocopherol (T), found in other
subcellular membranes. In fact, we showed that mitochondrial membranes (especially the inner mitochondrial membrane) are more susceptible to iron-induced
lipid peroxidation than other hepatic membranes. Based on these findings, we investigated whether vitamin E-mediated cytoprotection is dependent on the enrichment of hepatic mitochondrial membranes with T. Using parenteral and dietary vitamin E administration, we enriched hepatic subcellular membranes with variable
levels of T. Our experimental findings indicate that only those vitamin E treatment
conditions that enriched the inner mitochondrial membrane (IMM) with high levels of T prevented ferrous iron-induced mitochondria reactive oxygen species
(ROS) production, IMM lipid peroxidation and cell death in rat hepatocytes. In
contrast, a modest two fold increase in T content protected all other subcellular
membranes from iron-mediated lipid peroxidation but failed to prevent iron-mediated IMM oxidation, mitochondrial ROS production or cell death. These data
clearly support a protective role for T enrichment of IMM in toxic oxidative stress.
The use of exogenously administered vitamin E to enrich mitochondria holds great
promise in experimental systems to define the critical mitochondrial events responsible for toxic oxidative stress as well as in the treatment of liver diseases associated
with oxidative stress.
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MITOCHONDRIAL REDOX STATE AND THE
REGULATION OF APOPTOSIS

S. Orrenius. Institute of Environmental Medicine, Karolinska Institutet, Stockholm,
Sweden.
It is now well established that the mitochondria play an important role in the regulation of apoptotic cell death by mechanisms which have been conserved during
evolution. Thus, it appears that a host of lethal agents target the mitochondria and
stimulate their release of cytochrome c and other proteins, which can trigger caspase activation and apoptosis. This release is governed by the Bcl-2 family of proteins and occurs by a two-step process that is initiated by the dissociation of the hemoprotein from its binding to cardiolipin, the unique mitochondrial phospholipid
that anchors it to the outer surface of the inner mitochondrial membrane.
Mounting evidence suggests that oxidation/depletion of cardiolipin affects cytochrome c binding to the mitochondrial membrane, thus leading to increased levels of soluble cytochrome c in the mitochondrial intermembrane space. Among factors known to affect the cardiolipin content are saturated free fatty acids (C16:0,
C18:0), calcium dysregulation, and reactive oxygen species (ROS). These factors,
particularly calcium and ROS, have long been recognized as triggers of cell death
and, more recently, as modulators of mitochondrially-mediated apoptosis.
Conversely, various mitochondrial antioxidant enzymes have been found to protect
from apoptosis, emphasizing the importance of the mitochondrial redox state in the
control of cell life and death.
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ROLE OF MITOCHONDRIAL DNA AND TELOMERASE
IN TOXIC OXIDATIVE STRESS RESPONSES

B. Van Houten and J. H. Santos. Laboratory of Molecular Genetics, NIEHS, NIH,
Research Triangle Park, NC. Sponsor: M. Fariss.
Using a QPCR assay we have found that mitochondrial DNA is more prone to
damage by oxidative stress than nuclear DNA in a number of cell systems. MtDNA
is efficiently repaired, but protracted exposure to oxidants can lead to persistent
mtDNA damage. This persistent mtDNA damage is associated with loss of mitochondrial membrane potential and apoptotic cell death. Furthermore several laboratories have shown that enhanced mitochondrial DNA repair leads to increased resistance to oxidant stress. Telomerase is often re-activated in human cancers and is
widely used to immortalize cells in culture. We have found that human telomerase
reverse transcriptase (hTERT) is targeted to the mitochondria by an N-terminal
leader sequence, and that mitochondrial extracts contain telomerase activity. In
seven different human cell lines, mitochondrial telomerase increases hydrogen-peroxide-mediated mitochondrial DNA damage. hTERT expression did not alter the
rate of hydrogen peroxide breakdown or endogenous cellular levels. Because the
damaging effects of hydrogen peroxide are mediated by divalent metal ions (Fenton
chemistry), we examined the levels of bioavailable metals. In all cases, higher levels
of chelatable metals were found in hTERT-expressing cells. Using a cre recombinase
strategy we have found that mitochondrial telomerase is directly responsible for
mtDNA sensitization. Using a dominant negative mutant of hTERT we have also
found that hTERT must be catalytically active to affect the mitochondrial DNA.
Several markers of apoptosic cell death were shown to be associated with this
hTERT-mediated increase in mtDNA. Most surprising, site-directed mutagenesis
of the mitochondrial leader sequence completely abolished mitochondrial localization and was actually protective to the cell. These results demonstrate that lack of
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mitochondrial hTERT, and its presence only in the nucleus, protects against hydrogen peroxide-induced mtDNA damage and cell death, and thus establishes cellular
compartmentalization as a determinant of hTERT protection versus sensitization
in cellular responses to oxidative stress.
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ROLE OF MITOCHONDRIAL ACONITASE IN TOXIC
OXIDATIVE STRESS

M. Patel. Pharmaceutical Sciences, University of Colorado Health Sciences Center,
Denver, CO.
Mitochondrial oxidative stress is thought to be an important factor in the etiology
of neurodegenerative diseases, most notably Parkinson’s Disease (PD).
Dopaminergic neuronal death in PD is also influenced by factors such as aging,
iron imbalance and environmental agents. The precise mechanism(s) by which mitochondrial free radicals injure vulnerable dopaminergic neurons remains largely
unknown. One important mechanism of superoxide toxicity is based on its direct
oxidative inactivation of iron-sulfur (Fe-S) proteins such as aconitase, release of
redox active iron and consequent generation of more potent oxidants e.g. hydroxyl
radicals. Aconitases possess unique features that make them attractive targets and
sources of oxidative injury. An ongoing goal of this laboratory is to test the idea that
neuronal damage in experimental PD results in part from superoxide toxicity via
inactivation of mitochondrial aconitase. These studies show that 1-methyl-4phenyl-1,2,3,6 tetrahydropyridine (MPTP) administration in mice results in mitochondrial aconitase inactivation and mobilization of a novel early pool of iron in
the substantia nigra. MPTP-induced mitochondrial aconitase inactivation, iron accumulation and dopamine depletion is significantly attenuated in transgenic mice
overexpressing mitochondrial superoxide dismutase-2 (Sod2) and exacerbated in
Sod21/+ mice. These results suggest that mitochondrial aconitase inactivation and
consequent iron-dependent mitochondrial superoxide toxicity may contribute to
dopaminergic neuronal death in vivo.
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COMPREHENSIVE RESPONSES OF LIPID CLASSES TO
TOXIANTS AND INVOLVEMENT IN DISEASES

M. C. Madden. ORD, NHEERL, HSD, Clinical Research Branch, USEPA, Chapel
Hill, NC.
Along with genes and proteins, lipids are a key component of the cellular
metabolome. Lipids can mediate the induction of some diseases such as atherosclerosis and also responses to some diseases, e.g., asthma. Pollutants such as ozone appear to induce biological responses through altered lipid metabolism. Examining
changes in global lipid metabolism, i.e., lipidomics, induced by a pollutant or in a
disease state would assist in elucidating the mechanism(s) of responses.
Understanding lipid metabolic changes would allow assessment of whether the response was of a highly specific or not, and provide information as to the sensitivity
of the lipid measurement, thereby indicating the usefulness as a biomarker.
Inherent in this strategy to study lipidomics is the ability to 1) possess a knowledge
of the metabolism of 1000 or more lipids in order to optimize lipid study design; 2)
measure the lipids in a specific and quantitative manner, including development of
new methods to analyze newly discovered species; and 3) transfer of the lipid data
to the informatics stage. This session will include presentations with findings related to the topics discussed above. These topics include the structural diversity of
lipids, methodologies to quantitate lipid species and classes, how the data from
studies examining global changes in lipid metabolism can be processed to allow interpretation of the findings, and the use of endotoxin-exposed macrophages in vitro
to validate the lipidomics approach. Another topic that will be presented will be the
involvement of oxidized lipids (derived via oxidative stress) in several disease states
(cancer, cardiovascular disease). These topics will be presented by five researchers of
the LIPID MAPS (Metabolite And Pathways Strategy) Project, which funds investigators at more than 16 academic institutions and 2 corporations to collaboratively
research lipidomics using disciplines such as cell biology and organic synthesis.
[This abstract may not reflect official EPA policy.]
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THE LIPID MAPS APPROACH TO LIPIDOMICS:
EICOSANOIDOMICS AND LIPID CLASSIFICATION

E. A. Dennis. Chemistry & Biochemistry, and Pharmacology, University of
California, San Diego, La Jolla, CA. Sponsor: M. Madden.
The metabolic pathways involving lipids are complex and intertwined. Developing
an integrated metabolomic system capable of characterizing the global changes in
lipid metabolites (“lipidomics”) is a daunting task but one that is important to undertake in light of the significant returns produced by the global approaches of genomics and proteomics. Our consortium has developed a Lipid Metabolites And
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Pathways Strategy, termed LIPID MAPS, that applies a global integrated approach
to the study of lipidomics. The specific aim of LIPID MAPS is to develop the requisite technology and conduct an integrated research program that will establish
lipidomics as a fully functioning research field. By employing a rigorously maintained set of common biological, biochemical, and analytical technologies in each
of the consortium laboratories, and by using an extensive informatics infrastructure, we will integrate and analyze the large amount of data that will be generated
by this large scale collaborative project. We plan to generate “road maps” that will
define how all of the lipid components of a cell move through the complex
lipidomic network from biosynthesis to removal, including their important roles as
second messengers. After introducing LIPID MAPS [http://www.lipidmaps.org]
and its new classification system [J. Lipid Res.,46, 839-861 (2005)], new LC/MS
results from the LIPID MAPS Fatty Acid/Eicosanoid Core that demonstrate techniques for the detection and quanitation of various eicosanoid molecules generated
by macrophages in response to stimuli such as LPS will be reported. This includes
the identification of the major eicosanoid products and the quantification of the increases and decreases of metabolites as a result of cell simulations. The eicosanoids
are derived from arachidonic acid released by phospholipase A2 (PLA2) activation in
these cells. Production of eicosanoids will be presented in the broader context of
work in our laboratory focused on the role of various PLA2s.
U54
GM069338
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CHALLENGES IN THE ANALYSIS OF COMPLEX
MIXTURES OF LIPIDS PRESENT IN BIOLOGICAL
EXTRACTS

R. C. Murphy. Pharmacology, University of Colorado, Aurora, CO. Sponsor: M.
Madden.
Advances in mass spectrometry and ancillary techniques over the past two decades
have made an enormous impact on biological chemistry and insight into biochemical mechanisms. Much of the focus of recent advances has been in the area of protein and peptide mass spectrometry; however, a parallel revolution in the use of
mass spectrometry in lipid biochemistry has also taken place. It is now possible to
analyze all lipids by mass spectrometry in spite of the fact that many of these molecules are nonvolatile. With these tools in hand it is now recognized that some lipids
are present as abundant components while others are only present in trace quantities. Significant challenges arise even when one investigates the most abundant
lipids present in a cell when these occur as complex mixtures of closely related molecular species. When these are the focus of study, such as that for glyceryl lipids
and glycerophospholipids, assessment of molecular species distribution has demanded the development of new strategies in order to identify individual components as well as to assess relative changes which may occur during the process of cellular activation. Recent advances in tandem mass spectrometry in particular with
the tandem quadrupole linear ion trap instrument provides new avenues to address
these complex mixtures and to develop means to assess relative changes of lipid content following activation of cellular processes. Specific examples will be presented
and the analysis of triacylglycerols and other neutral lipids present in the resting
RAW cell and the RAW cell challenged with Kdo-lipid A, which activates the Toll4 receptor in these cells.

749

DEVELOPING LIPIDOMICS DATABASES AND
NETWORKS

E. Fahy. Bioinformatics, UCSD, La Jolla, CA. Sponsor: M. Madden.
A comprehensive analysis of lipid molecules, “lipidomics”, in the context of genomics and proteomics is crucial to understanding cellular physiology and pathology. A lipid classification scheme has been developed to create a structured vocabulary THAT will facilitate the systematization of lipid biology and enable the
cataloging of lipids and their properties in a way that is compatible with other
macromolecular databases. An integrated informatics infrastructure comprising
lipids and lipid-related genes and proteins has been established. This infrastructure
incorporates experimental data from the LIPID MAPS project along with legacy
data and analysis tools with a view to defining pathways and signalling networks relating to lipid biology.
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COUNTER-REGULATION OF INFLAMMATORY
RESPONSES BY LIPID-ACTIVATED NUCLEAR
RECEPTORS

C. K. Glass. Cellular and Molecular Medicine, UC San Diego, La Jolla, CA.
Sponsor: M. Madden.
The ability of lipid-activated nuclear receptors (NRs) to repress transcriptional responses to diverse signaling pathways is an essential aspect of their biological activities, but mechanisms determining the specificity and functional consequences of

transrepression remain poorly understood. Our recent studies have led to the identification of nuclear receptor-specific mechanisms that mediate signal- and genespecific repression of transcriptional responses initiated by engagement of toll-like
receptors (TLR) 3 and 4. The glucocorticoid receptor (GR) was found to repress a
large set of inflammatory response genes by disrupting p65/IRF3 coactivator/activator complexes required for TLR4-dependent, but not TLR3-dependent, transcriptional activation. This mechanism enabled GR to discriminate between inflammatory responses that are initiated by viral or bacterial pathogens, providing a
biological rationale for signal and gene-specific utilization of p65/IRF3
activator/coactivator complexes. In contrast, the fatty acid inducible receptor PPAR
gamma and the oxysterol-responsive receptor LXR repressed overlapping but distinct sets of genes by p65/IRF3-independent mechanisms that included the targeting of NCoR corepressor complexes. In concert with their utilization of distinct
transrepression mechanisms, simultaneous activation of GR and PPARgamma or
GR and LXRs resulted in additive/synergistic inhibition of subsets of TLR4 responses in vivo and in vitro. These findings reveal a molecular basis for combinatorial control of homeostasis and immune responses by NRs and suggest new approaches for treatment of inflammatory diseases.
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EICOSANOMICS: SIMULTANEOUS PROFILING OF
BIOACTIVE EICOSANOIDS PRODUCED BY
CYCLOOXYGENASE-2

L. Marnett2 and M. C. Madden1. 1ORD, NHEERL, HSD, Clinical Research
Branch, USEPA, Chapel Hill, NC and 2A.B. Hancock Jr. Memorial Laboratory,
Vanderbilt Institute of Chemical Biology, Nashville, TN.
Cyclooxygenases (COXs) catalyze the double dioxygenation of arachidonic acid
(AA), which is the committed step of prostaglandin (PG) and thromboxane (TX)
biosynthesis. These bioactive lipids regulate a diverse range of physiological and
pathophysiological responses. Our laboratory recently discovered that COX-2 oxygenates a range of substrates in addition to AA. These include the endocannabinoids, 2-arachidonylglycerol (2-AG) and arachidonylethanolamide (AEA). COX-2
oxygenates 2-AG and AEA to endoperoxide derivatives analogous to the endoperoxide derived from arachidonic acid. These endoperoxides are converted by metabolizing enzymes to the glyceryl esters and ethanolamides of PGE2, PGD2, PGF2α,
and PGI2. Initial experiments suggest that the glyceryl ester of PGE2 triggers calcium mobilization in macrophages at picomolar concentrations suggesting that
glyceryl PGs may represent a new family of bioactive lipids. To test this possibility,
we have developed liquid chromatography/mass spectrometry-based methods for
the simultaneous quantification of the substrates, AA, 2-AG,and AEA as well as the
products, PGs, glyceryl PGs, and ethanolamide PGs. Using these techniques, we
find that macrophages release 2-AG and produce glyceryl PGs in response to physiological stimuli. These studies provide insights into the pathways of substrate release in response to physiological and pathophysiological treatments.

753

IN SILICO ADMET, WHO USES IT AND WHEN?

D. Ryan, L. Herman and O. Stradella. Computational Chemistry, Millennium
Pharmaceuticals, Inc., Cambridge, MA. Sponsor: T. Jones.
The role of in silico ADMET in the prosecution of a Drug Discovery project depends on the ease of getting data, and the quality, quantity, and cost of the data. If
the in vitro data acquisition is fast, cheap and abundant a project team will tend to
prefer such data to in silico data. On the other hand, when in vitro data is limited,
slow to obtain and costly there is a high motivation to turn to in silico assessment in
the face of an ADMET issue on the project. These same circumstances limit the
quality of in silico assessments. Thus the interface between in silico ADMET and
Discovery projects must constantly reassess where the value lies and look for opportunities to help a project that reflect those realities. These opportunities may exist
all the way from early assessment of screening hits to prioritization of compounds
selected for assays in mid to late lead optimization. This presentation will focus on
interface between in silico methods and project needs at different stages, and will
include examples of in silico models that cover the span of more to less reliable predictive tools such as for Herg or other toxicities.
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IN VITRO SCREENING APPROACHES: APPLICATIONS
IN DISCOVERY

J. Xu. Pfizer Research and Development Center, Cambridge, MA.
Recent advances in combinatorial library design, automated synthesis, and high
throughput screening have enabled increasing numbers of pharmacologically active
compounds from a diverse chemical libraries to be identified in a relatively short
period of time. However, the quantity of each active compound is typically limited
to less than 100 mg. Since the traditional safety evaluation of chemical compounds
require a larger compound amount and a longer period of time, discovery toxicology screening approaches are necessary to prioritize the selection of chemical libraries for further refinement and development. In vitro screening approaches that
are developed based on common mechanisms of drug-induced toxicity can fulfill
such need. This presentation will focus on the types of in vitro safety assays that
were used with particular emphasis on what stages that they were used, what decisions were being made from data, which ones drive structure activity relationships,
and the predictability of these assays. The areas of genetic toxicity, hepatic toxicity,
cardiac toxicity, drug-drug interaction, and cell image-based high content assays
will be discussed.
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REACTIVE METABOLITES IN DRUG DISCOVERY AND
DEVELOPMENT. DETECTION, IDENTIFICATION, AND
ROLE IN THE DESIGN OF SAFER DRUGS

T. A. Baillie. Merck & Co., West Point, PA. Sponsor: T. Jones.
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PREDICTIVE TOXICOLOGY: STRATEGIES IN THE NEW
DRUG DISCOVERY PARADIGM

T. W. Jones1 and V. G. Sasseville2. 1Eli Lilly and Company, Greenfield, IN and
2
Millennium Pharmaceuticals, Inc., Cambridge, MA.
The duration from initial synthesis of a new chemical entity (NCE) to the delivery
of an innovative therapeutic to the patient is becoming longer (9-12 years) with estimated total costs rapidly approaching $1 billion. The financial investment grows
exponentially as an NCE advances through the discovery and development process.
A major cause of compound failure during the pre-clinical and clinical development phases is toxicity. Estimates regarding toxicology-driven attrition during the
drug development process range from 20-40%. Therefore, the opportunity exists
for the toxicologist to significantly impact expenditures by the early prediction of
potential toxicity/side effect barriers to development by aggressive evaluation of development limiting liabilities early in drug discovery. Improved efficiency in pharmaceutical research and development lies both in leveraging “best in class” technology and integration with pharmacologic and medicinal chemistry activities during
hit-to-lead and early lead optimization stages. This workshop will provide an
overview of the various strategies being applied to integrate toxicology in the drug
discovery process. The presentations will provide a greater understanding of the
causes and timing of toxicology-driven attrition in drug development and how the
discovery toxicologist can better interface with the pharmacologist and medicinal
chemist. Topics which will be covered in detail include in vitro and in vivo screening approaches, the use of high content technologies (i.e., genomics), in silico approaches to predictive toxicology, and the application of alternative animal models
(transgenic animals, gene knockdown/knockout models, non-mammalian species,
etc.), and finally, examples of integrated discovery toxicology approaches currently
being used in the industry.

The discovery and development of novel therapeutic agents has become a more
challenging, riskier and expensive proposition than ever before, due to factors such
as heightened competition for market share, the high cost of modern technology,
the more stringent regulatory requirements for drug registration, and little change
in the relatively high rate of failure (“attrition”) in drug development. As a result of
the latter consideration, significantly increased focus is being devoted to means of
raising the probability of success of drug candidates, notably by reducing their potential to elicit toxicity in animals and humans. This presentation will deal with one
approach to the latter goal, namely minimizing metabolic activation of new chemical entities through structural modification at the lead optimization stage.
Examples will be presented of Merck’s approach to this objective, which involves
close interaction between medicinal chemists, biologists, toxicologists and their colleagues in Drug Metabolism, and is based upon mechanistic metabolism studies,
augmented by reactive metabolite “trapping” and covalent binding data, prior to selection of drug candidates for preclinical and clinical development. In particular,
the value of close integration of the activities of Drug Metabolism, Medicinal
Chemistry and Safety Assessment in lead optimization efforts will be stressed.
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APPLICATION OF TOXICOGENOMICS TOWARDS
DRUG SAFETY EVALUATION

J. F. Waring, Y. Yang, S. Abel and E. Blomme. Abbott Laboratories, Abbott Park, IL.
Toxicity remains a major hurdle for the successful discovery and development of
new pharmaceuticals. Drug safety studies are generally not conducted until the
later stages of the drug discovery process. Ideally, the evaluation of the toxic properties of a compound should be conducted early before a significant amount of time
or resources has been spent. However, the traditional in vivo toxicologic approach is
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not suited for an early evaluation, due to compound requirement. At Abbott, we
are using gene expression signatures generated using isolated rat hepatocytes to evaluate compounds in vitro for their toxic properties. Expression signatures were developed by profiling over 100 reference compounds in isolated rat hepatocytes. The
signatures are being used to identify compounds with the potential to induce a variety of toxic changes, including mitochondrial damage, phospholipidosis, microvesicular steatosis and peroxisome proliferation with a high degree of sensitivity
and specificity. These signatures were originally developed using microarray technology, but have since been transferred to a gene expression platform with higher
throughput, lower cost, and amenable to customization. Overall, the identification
and characterization of compounds with the potential to cause toxicity early in the
drug discovery process will lead to a more rationale selection of compounds in discovery, improve productivity of the research and development process, and ultimately should result in drugs with a better safety profile.
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DISCOVERY TOXICOLOGY APPROACHES: PUTTING
STRATEGY INTO PRACTICE

V. G. Sasseville, J. Lane, V. Kadambi and C. Alden. Drug Safety Evaluation,
Millennium Pharmaceuticals, Inc., Cambridge, MA.
As a new chemical entity (NCE) advances from initial discovery to registration, cost
grows exponentially with the final investment approaching one billion dollars. The
early identification of development limiting toxicity in the late lead optimization
phase via conduct of smaller scale, non-GLP safety pharmacology and toxicology
studies has significantly reduced development attrition, but the opportunity remains for the toxicology discipline to further improve efficiency. Selection of compounds for advancement to late lead optimization based upon toxicity profiling
would eliminate compounds that have potential development limiting liabilities
and insure a continuum of high quality compounds into preclinical development.
Toxicology should be completed concurrently with pharmacologic activities so that
negative and positive attributes are evident to the medicinal chemist, thus optimizing speed and efficiency in the decision to advance a NCE to full development. In
support of this philosophy, Millennium Pharmaceuticals has implemented a
Discovery-Assay-By-Stage (DABS) paradigm. The DABS paradigm clearly delineates to discovery project teams the timing and type of assay required for advancement of compounds to each subsequent level. More specifically, DABS utilizes target expression profiling and knockout phenotyping to predict pharmacology and
potential toxicity; leverages in vitro toxicology assays to determine the mutagenic
and cardiovascular liabilities, and in vivo studies to define safety margins and to facilitate early identification of biomarkers of efficacy and toxicity. To support this
paradigm, it is advantageous to simultaneously develop a core pathology function
unifying Drug Safety Evaluation, Molecular Technologies and Clinical Research
groups that effectively spans all phases of drug discovery and development. Thus,
an organization of great depth and breadth of experience, expertise, and technology
is created to drive the DABS. In this review, specific examples of each discovery
assay and its application will be discussed in detail by stage.
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DOES THE METHYLATION OF INORGANIC ARSENIC
AFFECT ITS TOXICITY AND MODE(S) OF ACTION? A
CRITICAL DISCUSSION

C. Abernathy. Abernathy Associates, Bristow, VA.
Considerable controversy exists over the risk assessment of ingested arsenic (As).
Various questions include: 1). Should a linear or a non-linear risk assessment be
employed? 2). Do the inorganic and the organic (i.e., monomethyl arsonic acid
(MMA) and dimethylarsinic acid (DMA)) arsenicals have similar modes of action?
and 3). How much weight should be assigned to the relatively small US studies? In
this workshop, the potential of inorganic As and its various metabolites to cause
acute and chronic effects to humans and in animal models will be described. Of
particular interest will be a contrast of exposures to inorganic As and an organic arsenical, DMA, and discussion of whether such exposures would be expected to result in similar or dissimilar toxic effects via the same or different toxic mechanisms.
After considering these questions, the epidemiological data will be evaluated to ascertain how such data can be used to support the theories put forth concerning As
toxicity. At the end of the workshop, there will be a question and answer session for
the attendees.

arsenic species is necessary for understanding their distinct toxicities. Inorganic arsenic is metabolized by addition of methyl groups, an oxidative process, followed by
reduction for subsequent methyl group addition to produce MMA, DMA, and (in
certain animal species) trimethylarsine oxide (TMAO). The metabolism and disposition of an arsenic compound varies depending upon whether the exposure to the
compound is exogenous (e.g., via ingestion) or endogenous (i.e., via metabolism of
inorganic arsenic). Accumulating evidence in vitro indicates that the methylated
trivalent species (MMA+3 and DMA+3) are generally more potent than inorganic arsenic species, and significantly more toxic than their penatvalent counterparts.
Differences in metabolism and disposition of forms of arsenic, along with a mode
of action analysis, provide a mechanistic basis for interpreting the human relevance
of findings of DMA carcinogenicity in rodents. In addition, biomonitoring studies
of arsenic metabolites in human urine can provide insights on the mechanism of
toxicity of inorganic arsenic and the role of metabolites.
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T. G. Rossman. Nelson Institute of Environmental Medicine, New York University
School of Medicine, Tuxedo, NY.
The concept of genotoxicity is a fluid one. Originally, agents (or their metabolites)
that reacted with DNA to cause genetic effects were considered genotoxic, and it
was assumed that the carcinogenicity of those agents occurred by those genotoxic
mechanisms. Later, the idea of “indirect genotoxicity” came into play, with similar
assumptions about carcinogenic mechanisms. Arsenic compounds show genotoxicity in a number of assays, and also induce epigenetic and signaling changes. The
specific genotoxic endpoints differ for different arsenic compounds, with arsenite
(but not methylated compounds) showing weak mutagenic activity and trivalent
methylated compounds (as well as arsenite) behaving as clastogens. No arsenic
compound forms DNA adducts. Evidence suggests that both may be caused by reactive oxygen species. Arsenite causes delayed apoptosis. Because dead cells do not
form tumors, in the absence of stringent toxicity criteria, no claims can be made as
to the likelihood for any carcinogenic mechanism. The existence of new animal
models for arsenic carcinogenesis (cocarcinogenesis for mouse skin cancer and
transplacental carcinogenesis for some other organs) yields additional insight into
carcinogenic mechanisms.
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METABOLISM AND TOXICITIES OF INORGANIC AND
ORGANIC AS SPECIES

B. D. Beck and A. Schoen. Gradient Corporation, Cambridge, MA.
This presentation will describe recent in vitro and in vivo studies that elucidate toxicological differences among inorganic and organic arsenic species with emphasis
on metabolism and disposition. Knowledge of the metabolism and disposition of
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CARCINOGENICITY OF ARSENICALS IN HUMANS
AND ANIMAL MODELS

S. D. Cohen, L. L. Arnold, M. Cano and T. Ohnishi. Department of Pathology
and Microbiology, University of Nebraska Medical Center, Omaha, NE.
Inorganic arsenic is a known human carcinogen, inducing tumors of the skin, urinary bladder and lung. It has generally been negative in animal bioassays, until the
recent demonstration of transplacental carcinogenesis in mice by arsenite. Several
promotion and co-promotion studies of inorganic and organic arsenicals have been
reported, but frequently have methodological problems or complex protocols complicating interpretation. Monomethylarsonic acid (MMA) was negative in two-year
bioassays in rats and mice. In contrast, dimethylarsinic acid (DMA) induced low
incidences of bladder tumors in rats when administered in drinking water or diet. It
was negative in a two-year bioassay in mice. The mode of action appears to be cytotoxicity and persistent regenerative proliferation, requiring relatively high doses of
DMA (≥10 ppm) and having a nonlinear dose response. Urothelial cytotoxicity is
not due to the production of urinary solids or alterations in urine composition.
Reactive metabolites, particularly dimethylarsinous acid (DMAIII), are excreted in
the rat urine at micromolar concentrations and are the presumed cytotoxic agents.
In vitro, concentrations of DMAIII <1µM are cytotoxic to urothelial cells.
Unidentified metabolites have also been detected. Neither cytotoxic nor hyperplastic changes are seen in mice or hamsters administered doses of DMA higher than
those administered to rats. Extrapolation from rats to other species is difficult because of significant differences in metabolism and toxicokinetics, particularly related to the binding of DMAIII to hemoglobin and retention in red blood cells.
Possible biochemical mechanisms of DMA carcinogenicity of the rat urothelium
involve generation of reactive trivalent arsenicals that affect cellular processes by
generation of oxidative damage, reaction with sulfhydryl groups of critical cellular
proteins, and/or depletion of glutathione. Direct DNA reactivity does not appear
to occur.
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GENOTOXIC PROFILE OF AS, MMA AND DMA

EPIDEMIOLOGY AND CLINICAL EFFECTS

R. Calderon, D. J. Thomas and E. Hudgens. National Health & Environmental
Effects Research Laboratory, Office of Research & Development, USEPA, Research
Triangle Park, NC.
This talk will review studies conducted in US communities with arsenic contaminated water in community and private wells. Results will be presented from a new
study in Churchill County, Nevada, perhaps the largest US population in a single

geographic area exposed to arsenic levels higher than the current drinking water
standard of 10 µg/l. Churchill County (pop 25000) has arsenic levels in drinking
water ranging from more than 500 µg/l down to the limit of detection (<3 µg/l).
The largest county town, Fallon, had historic arsenic levels of 100 µg/l (at the time
of the study in 2003). A few studies with small numbers of individuals (<35) in the
Fallon area were inconclusive as to evidence for health effects associated with
chronic drinking water exposures to arsenic. A study in Churchill County was conducted to evaluate the exposure to arsenic in drinking water and possible effects associated with chronic exposure. Recent research in both Utah and Inner Mongolia,
China suggests that because biomarkers represent precursor events to disease, such
indicators may be able to provide enough sensitivity for a study of the effects of low
chronic arsenic exposure from drinking water. Biomarkers assessed include urine
and toenail measures of arsenic, reactive oxygen species and other oxidants.
Exposure assessment included measurement of arsenic in home tap water, detailed
assessment of daily water consumption, recent fish and shellfish consumption and
recent history of exposure to pesticides, diesel and paints. Health effects including
history of cancer, diabetes and hypertension were evaluated in 906 individuals.
Initial results found that total urinary arsenic measures were correlated with tap
water arsenic concentrations but also were influenced by recent fish and shellfish
consumption. Attempts were made to quantify daily water consumption and to
correlate consumption with total arsenic measures in urine. No significant associations between arsenic exposure and diabetes, cancer or hypertension appear to be
present. This abstract does not reflect EPA policy.
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NEW FOOD INGREDIENTS DO NOT NEED NEW
FOOD REGULATIONS

J. C. Griffiths1, J. A. Thomas5, J. F. Borzelleca3, L. Tarantino2, I. G. Carabin4,
R. A. Matulka1 and A. S. Persad1. 1Burdock Group, Washington, DC, 2Office of
Food Additives Safety, Food and Drug Administration, College Park, MD,
3
Department of Pharmacology and Toxicology, Virginia Commonwealth University,
Richmond, VA, 4Women Health Sciences Institute, Vero Beach, FL and 5Department
of Pharmacology and Toxicology, Indiana University, Indianapolis, IN.
Consumer demands for newer and better foods puts considerable pressure on food
technicians, and the food industry as a whole, to satisfy this demand for an endless
supply of novel food ingredients. Recent developments in ‘fad diets’ and functional
claims (i.e., structure function and health) have unlocked new dimensions in food
ingredient development. Ingredients never before used or contemplated, such as
low carbohydrate starches, new artificial sweeteners, unusual vegetable oils, preand pro-biotic bacteria, and botanical extracts, are now the subjects of intense investigation and development.
Adequate demonstration of safety must be driven, by the regulations in place, so
that each new ingredient is not evaluated in a de novo or case-specific fashion. The
current food ingredient regulations are able to examine macronutrients, modified
carbohydrates, oils and proteins, functional (to the human body) ingredients, novel
botanical extracts, and competitive bacteria for safety-in-use as a food ingredient.
The safety of the food containing a new ingredient can be addressed; however, the
role of an individual over-consuming a disproportionate amount of a singular food
or food type, i.e., ‘macrofoods/macronutrients,’ can only be handled by modifications to exposure patterns. Definitions and regulatory status of nutrients, fortificants, functional, and medical foods will be discussed.
Additionally, qualified and un-qualified health claims on these and other food ingredients are driving the need to establish efficacy via robust and well-designed
clinical studies. Even with these studies in support of the safety and efficacy to
human test populations, an adverse event reporting system needs to consider the
long-term monitoring of sensitive subpopulations, over-consumption, alternative
uses, drug/food interactions, nutrigenomics etc. Finally, the breadth of novel ingredients entering the food supply, and their assessment for safety under the aegis of
current regulatory paradigms will be discussed.
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DRUG-NUTRIENT INTERACTIONS - RECOGNIZING
PHARMACOLOGIC IMPLICATIONS

J. A. Thomas. Department of Pharmacology and Toxicology, Indiana University,
Fishers, IN.
Certain food ingredients exhibit inherent pharmacologic properties, which can
sometimes lead to exaggerated biological responses. It is well known that
monoamine oxidase inhibitors, in the presence of some cheeses, beer or red wines,
can produce exaggerated sympathomimetic responses due to endogenous tyramine
and related phenylethylamines. Grapefruit juice represents still another well-documented phenomena of a food’s effect upon the enhanced bioavailability of selected
cardiovascular drugs. Interactions between food nutrients and drugs may inadvertently reduce or increase the biological response of a drug. Perhaps the majority of
clinically relevant drug-nutrient interactions are caused by food-induced modifications in a drug’s bioavailability. Such interactions can produce alterations in the

pharmacokinetic and pharmacodynamic profiles of various drugs. Many factors,
both nutritional and non-nutritional, can affect a drug’s effectiveness. Likewise,
certain subgroups of the population (e.g., neonates, pregnant women, obese or even
malnourished individuals) can exhibit differences in pharmacologic responsiveness.
There are also certain risk factors (e.g., restrictive diets, anorexia, alcoholism,
chronic diseases) that can affect the incidence of drug-nutrient interactions. A
number of drugs with diverse pharmacological actions can have their absorption
enhanced by the presence of food in the gastrointestinal (GI) tract. Conversely,
there are many drugs whose absorption can be delayed by food and nutrients. The
mechanism(s) of interference is due mostly to altered GI absorption. Both direct
and indirect mechanisms may be involved in these interactions. Vitamin and various nutrients can likewise influence therapeutic outcomes. Predicting clinically significant drug-nutrient interactions has been very difficult. Nevertheless, food safety
assessment must take into account the potential for such interactions, particularly
in elderly populations as they may be consuming multiple medications.
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MACRONUTRIENTS AND MACRONUTRIENT
SUBSTITUTES IN TODAY’S DIETS

J. F. Borzelleca. Pharmacology and Toxicology, Virginia Commonwealth University,
Richmond, VA.
Humans are omnivores and have the ability to efficiently utilize various classes of
foods. Proper nutrition involves an adequate intake of micronutrients and an adequate and balanced intake of macronutrients, proteins, carbohydrates and fats. A
disproportionate intake of one class at the expense of others (e.g. high protein, low
carbohydrate) may result in adverse nutritional and potentially toxicological effects.
Macronutrient substitutes, especially for carbohydrates (e.g. high intensity, non-nutritive sweeteners) and fats (e.g. Olestra), have been developed in attempts to reduce
caloric value of foods without compromising organoleptic properties such as taste
and mouth-feel. Assessing the safety of these macronutrient substitutes is very difficult since traditional methods cannot be used. The nature and extent of safety testing involves reliable exposure estimates and complete chemical and physical characterization of the test substance. Studies are designed to distinguish between
potentially adverse nutritional effects and toxicological effects. The absorption, distribution, metabolism, excretion and effects on gastrointestinal flora of the test substance are assessed. Appropriate studies in humans (including potentially sensitive
sub segments of the population, for example, children, diabetics) are conducted
when the animal data are adequate and support clinical investigations. The use of
traditional safety/uncertainty factors is inappropriate due to exposure limitations in
the animal tests. Safe levels of human exposure are derived from a critical assessment of all available data and information.
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FORTIFICANTS, NUTRIENTS, MEDICAL AND
FUNCTIONAL FOODS: THE ALPHABET SOUP

A. Mattia. FDA/CFSAN, College Park, MD. Sponsor: J. Griffiths.
The Center for Food Safety and Applied Nutrition (CFSAN) is one of six productoriented centers in the U.S. Food and Drug Administration (FDA). CFSAN’s mission is to promote and protect the public’s health by ensuring that the nation’s food
supply is safe, sanitary, wholesome, and honestly labeled. The food regulations that
are in place have served to keep the U.S. food supply among the safest in the world.
In recent years, consumers, industry, and regulators have expanded their interest in
safety to focus more keenly on the role of diet in preserving and promoting good
health. In conjunction with advances in food technology, this had led (among other
things) to the design and development of bioactive food ingredients for use in conventional foods or as dietary supplements. FDA regulates ingredients in conventional foods under a different statutory framework and set of regulations than those
covering dietary supplements and drug products. Thus, it is important to have a
working knowledge of various FDA/CFSAN regulations. This presentation will address the regulatory classification of certain dietary ingredients, key aspects of the
regulations in place, and responsibilities of the FDA and food manufactures for assuring the safe use of food ingredients or other dietary components whose intended
effect is on the human body. For providing context, the presentation will highlight
case studies of food ingredients that were the subject of generally recognized as safe
(GRAS) notices because these submission expose trends in ingredient safety assessment and they point to specific situations in which it is necessary to understand
regulations that pertain to food additives, food fortification, or nutrition (including
nutrition labeling, nutrient content claims, or health claims). Better understanding
of the regulations in place for food and food ingredients (the alphabet soup) should
help spell success for any stakeholder interested in dietary initiatives to promote
and protect public health.
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CLINICAL DATA AS A NEW REQUIREMENT FOR FOOD
INGREDIENT SAFETY

riety of materials. This workshop will consider how the LLNA has fared in its use as
a stand-alone predictor of dermal sensitization potential, including presentation of
experimentation that has been evaluated to increase the utility of this model.

I. Carabin. Women’s Health Sciences Institute, Vero Beach, FL. Sponsor: J. Griffiths.
With the introduction of new Guidelines for claim substantiation in July 2003,
there has been a surge in the use of clinical trials for demonstrating efficacy of food,
food ingredients, and dietary ingredients. However, to demonstrate the efficacy of
an ingredient one must first prove its safety. While there are well-defined, and to
date, sufficiently robust regulatory-driven pre-clinical standards that need to be met
for establishing safety, there are no defined clinical norms required in the process of
regulatory approval. Performed infrequently, human testing for food ingredient
safety has been used in the food additive petition approval process in certain cases
including Olesta and aspartame.
With the increasing concern that on occasions flawed data had being used to make
claims of both safety and efficacy by the food and dietary supplement industry, it is
possible that regulations will be promulgated in the near future imposing human
testing for food and dietary ingredient safety. Will the existing general principles
and methodology for conducting valid and relevant clinical trials for safety and efficacy be able to accommodate new regulations?
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SAFETY EVALUATION OF A NOVEL INGREDIENT:
PROBIOTIC AND NON-PROBIOTIC BACTERIA ADDED
TO FOOD
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PERFORMANCE AND VALIDATION OF THE LOCAL
LYMPH NODE ASSAY

I. Kimber. Syngenta Central Toxicology Laboratory, Cheshire, United Kingdom.
The murine local lymph node assay (LLNA) was developed as a novel approach to
the identification of chemicals that have the potential to cause skin sensitization
and allergic contact dermatitis. This approach is based upon measurement of immune responses induced in regional lymph nodes following repeated topical exposure of mice to test chemicals. The LLNA has been the subject of exhaustive national and international inter-laboratory evaluations, and of extensive comparisons
with human data and with data available from guinea pig test methods. On the
basis of these analyses the LLNA was judged to provide a sensitive and selective
method for the identification of skin sensitization hazards and to have performance
characteristics at least comparable with the preferred guinea pig tests methods.
Moreover, compared with guinea pig methods the LLNA was shown to provide important animal welfare benefits. For these reasons the assay has now been validated
as a stand-alone method for identification of skin sensitizing chemicals, and has
found widespread application in safety assessment. The history of the local lymph
node assay and the processes through which the method was evaluated and validated will be described.

R. A. Matulka. Burdock Group, Vero Beach, FL.
Food ingredient manufacturers are currently analyzing the potential to obtain novel
food ingredients from non-traditional sources, such as the intentional addition of
live probiotic and non-probiotic bacteria to food. Although the presence of bacteria
in or on food is typically perceived as a detriment, many bacteria are already in use
to enhance the palatability of cheeses, sausages and beverages. In addition, certain
bacteria added to foods may actually enhance the safety of food products.
Several bacterial species produce compounds that inhibit the growth of known
pathogenic bacteria, such as Clostridium Botulinum and Salmonella typhimurium,
indicating that certain bacteria may be used as living antibacterial agents. Special
considerations must be made, based on specific growth, antibacterial activity and
degradation properties of potentially beneficial bacteria, prior to their addition to
food. Safety of the consumer is of paramount importance, and current US FDA
and USDA regulations must be reviewed to adequately determine the safe use of intentionally added bacteria in foods. The bacterial species in question must be found
to be non-pathogenic, through direct administration in pre-clinical trials, and
through prior consumption by humans. Consumption of bacteria through direct
addition to foods and also natural sources must be taken into consideration.
Bacterial consumption must be determined at the initial inoculation level and at
the highest level of potential growth on food products. Bacterial analysis must include evaluation of any antibacterial resistance genes within the bacteria. Potential
colonization of the gut is also a concern that must be addressed. As with other potential food ingredients, degradation and/or elimination of the bacteria must be established, through digestion assays or fecal counts of the particular bacterial species.
A safety determination of the addition of bacteria to food must adhere to current,
typical regulations for food ingredient safety, and must also address considerations
unique to the addition of a living organism to food.

769

REGULATORY APPLICATION OF THE MOUSE LLNA:
NEW CHALLENGES AND OPPORTUNITIES

G. S. Ladics2 and M. R. Woolhiser1. 1Toxicology & Environmental Research and
Consulting, The Dow Chemical Company, Midland, MI and 2DuPont Haskell
Laboratories, Newark, DE.
Since 2002, adoption of the mouse Local Lymph Node Assay (LLNA) as a standalone test to evaluate dermal sensitization potential for industrial chemicals occurred globally (e.g., U.S. EPA OPPTS 870.2600 & OECD TG 429). The LLNA
is now endorsed internationally as the preferred, and in some cases mandated, approach replacing the Magnusson and Kligman (M&K) Maximization and Buehler
guinea pig methods due to animal welfare benefits, and the use of more objective
and quantitative measurements. Moreover, the LLNA lends itself more readily to
assess the relative potency of skin sensitizers. This aspect has led to proposals of the
LLNA as a possible addition to risk assessment schemes. While years of evaluation
using purified, characterized chemicals have suggested the LLNA is overall slightly
more accurate than guinea pig tests, its effectiveness at testing novel chemicals since
its broad acceptance is beginning to be evaluated. There is little to no published
data on the testing of materials such as polymers or complex chemical mixtures.
With the objective of using the same model to test more complex chemicals and
product formulations, there is a desire to advance the LLNA to evaluate a larger va-
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REGULATORY EXPERIENCE OF TESTING NEW,
INDUSTRIAL CHEMICALS WITH THE LLNA

A. Cockshott. Health and Safety Executive, Bootle, United Kingdom. Sponsor: M.
Woolhiser.
In 1979 the EU established a notification scheme for new industrial chemicals by
which manufacturers or importers are required to submit a dossier containing toxicological and other information, before they can be marketed. As part of the dossier
an assessment of skin sensitisation potential is required and over the years the great
majority of tests submitted have been guinea pig maximisation tests (GPMT).
However, the experience within the UK has been that this test is often unsatisfactory for assessing new chemicals, and a better method has long been considered desirable. To this end when the local lymph node assay (LLNA) was formally accepted
as an OECD guideline in April 2002, HSE issued a statement to UK notifiers indicating that the LLNA was the method of choice for the notification of new substances. Thus, from October 2002, a test using any other method submitted in the
UK for notification purposes would require full scientific justification. This presentation summarises the experience of HSE in the regulatory use of the LLNA. Data
were collated from tests submitted in the 3 years following October 2002. A number of issues are reviewed relating to adherence to the OECD guideline, interpretation of results and classification outcomes, including: choice of vehicle and assessment of irritant response to maximise test concentrations; pooled lymph node
approach compared to individual animal data; the use of recommended
strains/sex/numbers of mice; and appropriate positive control data. For most new
substances only one study for skin sensitisation is available, so direct comparison of
results from different test methods is often not possible. However, for some substances there are data available from both a GPMT and LLNA. In two cases where
unsatisfactory GPMT results had been used to classify the substances as sensitisers,
HSE was able to use subsequently available negative LLNA findings to remove the
unwarranted classification.

772

CONSIDERATIONS FOR PHARMACEUTICAL
PRODUCTS AND THE LOCAL LYMPH NODE ASSAY
(LLNA)

A. Jacobs. CDER, US Food and Drug Administration, Rockville, MD.
A wide range of pharmaceutical agents have also been tested using the mouse
LLNA, and experience has grown considerably over the last few years. This has presented both similar and unique challenges and understanding in comparison to industrial chemicals. Issues that have emerged with the receipt of LLNA studies by
the FDA for dermal drug products have included deficiencies in the conduct of the
studies by many laboratories conducting the studies and deficiencies in study design for dermal products. Difficulties in interpretation of studies have arisen when
clinical vehicles have caused proliferation of local lymph nodes and when drugs that
are not human sensitizers nonetheless induce cytokines causing proliferation. The
pharmacologic activity and irritant properties of the drug product need to be considered in interpreting results, and better training for testing laboratories appears to
be needed.

773

APPLICATION OF LLNA DATA IN SKIN
SENSITIZATION RISK ASSESSMENT

G. Gerberick. Miami Valley Laboratories, Procter & Gamble Company,
Cincinnati, OH.
While the mouse local lymph node assay (LLNA) was designed as an improved
method for hazard assessment, its design readily lends it to considerations for risk
assessment. In this context there are a number of applications and approaches in
risk assessment which are being investigated. Specifically, methods have been available for the predictive identification of chemicals that possess the intrinsic potential
to cause skin sensitization. However, many of these methods have proven less capable in terms of the determination of relative sensitizing potency. In this respect, the
LLNA has been shown to have a number of advantages. Through interpolation of
LLNA dose response data, the concentration of a chemical required to produce a
threshold positive response (the EC3 value) can be measured. The robustness of this
measure has been thoroughly demonstrated in terms of inter and intra laboratory
reproducibility. Experience to date indicates that relative potency as determined
using this approach correlates closely with what is known of the activity of skin sensitizing chemicals in humans. Most importantly, the use of LLNA potency data
along with available exposure data has lead to significant improvements in our ability to conduct sound skin sensitization risk assessments. With an understanding of
the exposure and potency of a chemical one can assess whether the chemical, under
the specific conditions of consumer or worker exposure, would pose an acceptable
or unacceptable risk of induction of skin sensitization.
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LLNA EXPERIENCE FOR COMPLEX CHEMISTRIES
AND MIXTURES

M. R. Woolhiser. Toxicology & Environmental Research and Consulting, The Dow
Chemical Company, Midland, MI.
The mouse LLNA has been extensively evaluated for its ability to The mouse
LLNA has been extensively evaluated for its ability to identify the dermal sensitization potential of single chemicals. The advantages of the LLNA, plus the volume of
data now generated for single molecules, make it a desirable approach to evaluate a
broader range of test materials including chemical mixtures and formulations.
These chemistries can contain multiple ingredients which may possess sensitization
potential, as well as inert ingredients (e.g., surfactants, stabilizers) which could potentially impact the LLNA response independent of specific immune recognition.
Furthermore, testing of certain ingredient formulations require compatible vehicles
that preserve carefully developed chemistry while providing adequate dermal exposure to reliably interpret sensitization potential. Recent experiments have evaluated
numerous formulated chemistries using the LLNA, and compared results with information stemming from ingredient categorization, guinea pig data and/or human
experience. As part of the expansion of LLNA testing, this model is also applied to
chemical entities not previously tested by the mouse LLNA. In doing so, one class
of materials has elicited lymph node proliferation results that are inconsistent with
structure, molecule characteristics and test results using other sensitization study
models. Overall, preliminary data suggests the LLNA can be used reliably to test
mixtures, thus providing results for single, chemical ingredients and formulations
using the same model, but some unique chemistries may present challenges when
evaluated using the LLNA.

775

FUNCTIONAL ANALYSIS OF ARNT2 IN AH RECEPTORMEDIATED SIGNAL TRANSDUCTION

E. J. Dougherty and R. S. Pollenz. Biology, University of South Florida, Tampa, FL.
The aryl hydrocarbon nuclear translocator (ARNT) is a member of the basic-helixloop-helix PER/ARNT/SIM (bHLH-PAS) family of proteins. ARNT functions as
a dimerization partner for a variety of bHLH-PAS proteins such as the aryl hydrocarbon nuclear receptor (AHR), hypoxia-inducible factor 1-alpha (HIF-1a), and
the single minded (SIM) protein, however, each dimer associates with specific cis
DNA elements. Importantly, several isoforms of ARNT have been identified in
mammalian and aquatic species. ARNT and ARNT2 exhibit a high level of amino
acid identity in the bHLH/PAS domains but diverge in the COOH-terminal region. Gene knock-out of ARNT and ARNT2 both result in embryonic lethality,
but show different phenotypes suggesting that these two proteins have distinct
functionalities in the presence of various dimerization partners and are not fully
able to complement each other. Thus, it was of interest to determine how ARNT
and ARNT2 functioned when both were expressed in a similar genetic background.
cDNAs for mouse ARNT or ARNT2 were generated with or without an NH-terminal tag. The ability of the ARNT proteins to function independently or in various ratios to each other was investigated in an ARNT deficient Hepa-1 cell line
(LA-II). As expected, the expression of ARNT was able to restore the induction of
endogenous CYP1A1 by 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD).

Expression of ARNT also resulted in the TCDD-mediated induction of luciferase
reporter genes under the control of various TCDD-responsive promoters. In contrast, the expression of similar levels of ARNT2 in the LA-II cells failed to complement the TCDD-mediated induction of either endogenous CYP1A1 or reporter
genes. Furthermore, when both ARNT and ARNT2 were expressed in the LA-II
cells, the level of TCDD-inducible reporter gene activity was significantly reduced
in comparison to cells expressing ARNT alone. Taken together, these data suggest
that mARNT2 is not able to functionally complement AHR-mediated signaling
and may affect AHR-mediated signaling in a negative manner. Supported by
ES10991 (RSP).

776

FUNCTIONAL ANALYSIS OF THE TCDD-INDUCIBLE
CYP1A1 PROMOTER/ENHANCER REGION FROM
ZEBRAFISH (DANIO RERIO)

G. ZeRuth and R. S. Pollenz. Biology, University of South Florida, Tampa, FL.
The CYP1A1 promoter/enhancer region has been invaluable in understanding
binding of the aryl hydrocarbon receptor (AHR) with DNA. The induction of
CYP1A1 is also used as an indicator of environmental exposure to halogenated aromatic hydrocarbons, typified by 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD).
Recent studies have identified the upstream flanking region of a putative CYP1A1
gene from zebrafish. The region contains 8 putative core xenobiotic response elements (XREs) organized in two distinct clusters. The region between –580 to –187
contains XRE 1-3 while the region between –2608 to –2100 contains XRE 4-8.
Only XRE 1, 3, 4, 5 and 8 exhibited TCDD-dependant association of AHRARNT complexes when evaluated by gel shift assays. Analysis of luciferase reporter
activity showed that only the region between –2608 to –2100 acted as a TCDD-responsive enhancer and that this region had maximal impact when placed in a reverse orientation with respect to an SV40 promoter. To evaluate this finding in
more detail, luciferase constructs were generated in which the –580 to +71 region
of the zfCYP1A1 was used as a promoter. The –2608 to –2100 region was then ligated upstream in both forward and reverse orientations. The 484bp enhancer region of the mouse CYP1A1 was also tested in the forward and reverse orientation.
All constructs drove luciferase in a TCDD-dependent manner however the reverse
orientation of the –2608 to –2100 region exhibited maximal enhancer activity. In
contrast, the mouse enhancer functioned best in the forward orientation. In vitro
mutagenesis confirmed that TCDD-mediated induction could occur when a single
XRE was mutated, but maximal induction required XRE 4, 5 and 8 to be functional. These results show that only a subset of the XREs is functional in regulating
the expression of the zfCYP1A1 gene. In addition, the results show that the orientation of the enhancer region may be important in regulation of the zfCYP1A1
gene perhaps due to its distance from the TATA box. Supported by ES10991.
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TRANSCRIPTIONAL REGULATION OF IL-8 BY AHRECEPTOR ACTIVATION

C. Vogel1, E. Sciullo1, P. Wong1, L. Wen1, G. Lazennec2 and F. Matsumura1.
1
ETOX, UC Davis, Davis, CA and 2Molecular and Cellular Endocrinology,
INSERM, Montpellier, Montpellier, France.
The activated aryl hydrocarbon receptor (AhR) is a potent transcription factor inducing proinflammatory cytokines in macrophages, which are an important source
of interleukin (IL)-8 during inflammatory diseases such as atherosclerosis. Here we
studied the mechanisms involved in transcriptional activation of IL-8 by the AhR
ligand 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) in human macrophages focusing on the transcription factors involved. Transient transfection analyses of
U937 macrophages with reporter genes that contain deletions and point mutations
in the IL-8 promoter revealed that the C/EBP element mediated the inducible expression of the IL-8 gene by TCDD treatment, and furthermore, NF-κB site was
indispensable for a high level of inducible and constitutive expression.
TCDD increased NF-κB and C/EBPβ binding to the IL-8 promoter by electrophoretic mobility shift assay. Pharmacological blockade of NF-kappa B nuclear
translocation suppressed TCDD-stimulated IL-8 induction and promoter activation. Although an intact promoter NF-κB site is crucial to macrophage IL-8 production, TCDD-induced IL-8 expression appears to require additional nuclear
translocation of C/EBPβ. RNA interference studies support the role of C/EBPβ
and NF-κB in TCDD-induced and AhR-dependent IL-8 production.
These results are the first showing the AhR-dependent induction of IL-8 and delineate the transcription factors involved in TCDD-induced IL-8 release.
Transcriptional activation of the IL-8 promoter by TCDD involves the AhR-dependent activation of NF-κB and C/EBPβ, which play a key role in augmenting
the response. IL-8 generation in response to AhR ligands such as TCDD may be an
important mechanism whereby TCDD exerts inflammatory responses involved in
endometriosis, atherosclerosis or diabetes.
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CHRYSIN INDUCES HUMAN UGT1A1 BY A NONCLASSICAL Ah RECEPTOR MECHANISM

J. A. Bonzo, M. Yueh, S. Chen and R. H. Tukey. Laboratory of Environmental
Toxicology, Departments of Pharmacology and Chemistry & Biochemistry, University
of California San Diego, La Jolla, CA.
The phase II drug metabolizing family of UDP-glucuronosyltransferases (UGTs) is
responsible for the removal of many endo- and xenobiotics from the human body.
In particular, glucuronidation of bilirubin by the UGT1A1 isoform is critical for
maintaining homeostasis. The flavonoid chrysin has been reported to induce the
expression of UGT1A1 through xenobiotic responsive elements (XREs). We report
here that chrysin is able to modulate the expression of UGT1A1 through the arylhydrocarbon (Ah) receptor by a mechanism distinct from activation of the Ah receptor by TCDD. Using MH1A1L cells that stably express a 3.7 kb fragment of the
UGT1A1 promoter that drives the firefly luciferase reporter gene in HepG2 cells,
chrysin is able to induce luciferase activity 5-8 fold compared to only 2-3 fold by
TCDD. In contrast, chrysin induces a stable 1.7 kb CYP1A1 luciferase construct
(TV101L cells) 7 fold compared to 50 fold induction by TCDD. Transient transfections with a series of plasmids containing deletions in the UGT1A1 promoter
confirmed the necessity of the XRE for chrysin induction of UGT1A1. Gel shift
studies, however, show only weak Ah receptor binding to a UGT1A1 XRE probe
whereas TCDD induces strong Ah receptor binding. High concentrations of
chrysin (≥10 µM) compete with [3H]-TCDD in ligand binding studies.
Interestingly, low chrysin concentrations (≤1 µM) that are closer to actual cellular
content caused an increase in [3H]-TCDD association to the Ah receptor.
Furthermore, Ah receptor degradation, an indicator of Ah receptor activation, does
not occur following chrysin treatment. These findings indicate that chrysin initiates
conformational changes in the Ah receptor resulting in transcriptional activation of
the UGT1A1 promoter. Activation of the Ah receptor by chrysin raises the possibility for a protective role of the Ah receptor in inducing the expression of detoxifying
enzymes such as UGT1A1.(Supported by USPHS grants GM49135 and ES10337)
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THE ARYL HYDROCARBON RECEPTOR (AHR)
INFLUENCES THE OXYGEN-REGULATION OF
ENDOTHELIN-1 EXPRESSION AND MODULATES THE
DEVELOPMENT OF HYPERTENSION

M. K. Walker1, G. Fink2 and A. K. Lund1. 1College of Pharmacy, University of New
Mexico, Albuquerque, NM and 2Pharmacology and Toxicology, Michigan State
University, East Lansing, MI.
We have shown that AhR null mice exhibit elevated ET-1 and develop hypertension and cardiac hypertrophy by 2 mo, both of which are prevented by ETA receptor blockade. Interestingly, AhR null mice maintained by other laboratories fail to
develop hypertension and only exhibit cardiac hypertrophy ~5 mo. Since other laboratories are located closer to sea level, we tested the hypothesis that loss of the AhR
increases the sensitivity of mice to hypoxia-induced ET-1 expression and hypertension. To determine if ET-1 expression varied with environmental PO2, we measured
pulmonary preproET-1 mRNA and plasma ET-1 in 5 mo old AhR wildtype and
null male mice kept in Michigan, in New Mexico, and in New Mexico when exposed to simulated sea level for 11 d. Additionally, we measured mean arterial pressure (MAP) in conscious, unrestrained AhR wildtype and null mice under these
same PO2 conditions, using indwelling catheters and radiotelemetry. We found that
pulmonary preproET-1 mRNA and plasma ET-1 were increased significantly in
AhR null mice kept under normoxic conditions, compared to AhR wildtype.
Interestingly, however, both pulmonary preproET-1 mRNA and plasma ET-1 were
increased even further in AhR null mice maintained under mild hypoxia, while levels in AhR wildtype remained the same as those found under normoxia. In addition, we found that MAP in AhR null mice also varied with environmental PO2.
Notably, AhR null mice were hypotensive under normoxia, but hypertensive under
mild hypoxia. These results suggest that loss of AhR increases both basal and hypoxia-induced ET-1 expression, and that ET-1 expression and MAP vary with small
changes in environmental PO2 in AhR null mice. Thus, one normal function of the
AhR may be to suppress the hypoxic induction of ET-1. Supported by P30
ES12072 to UNM.
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ANALYSIS OF GENE EXPRESSION PROFILE IN
BRONCHIAL EPITHELIAL CELLS IN RESPONSE TO
DIESEL EXHAUST PARTICLES EXPOSURE USING
CDNA MICROARRAY

J. Wan and D. Diaz-Sanchez. CIA, UCLA, Los Angeles, CA. Sponsor: M.
Whitekus.
Diesel exhaust particles (DEP) can induce and exacerbate cardiorespiratory diseases
including asthma and chronic bronchitis. Comprehensive evaluation of gene expression profile changes would be helpful to understand the underlying mecha-
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nisms of the effect of DEP on cardiorespiratory diseases. Bronchia epithelium is
one of the most important target cells when DEP is inhaled into the body. Human
bronchial epithelial line BEAS-2B cells were cultured and exposed to 25 mg/ml
DEP for 6 hours. cDNA microarray containing over 54,000 probe sets was used to
evaluate the global changes in gene expression at transcriptional level. Following the
total extraction and mRNA isolation, double strand cDNA and biotin-labeled
cRNA were synthesized. After the probe was labeled, the chip was hybridized and
then scanned. This study revealed that a 6-hours exposure to DEP extracts resulted
in 388 cDNA increase (193 genes and 195 ESTs) and 219 cDNA decrease (81
genes and 138 ESTs). Among the up-regulated genes, there were 123 genes with 23 fold, 37 genes with 3-5 fold and 36 genes with >5 fold, respectively. Among the
down-regulated genes, there are 74 genes with 0.5-0.33 fold and 7 genes with
<0.33 fold. From biological function, among the increased genes, there were 33
genes in cell cycle, proliferation and apoptosis, 15 genes in cell adhesion, 15 genes
in RNA-processing, transcription and translation, 14 genes in transport, 8 genes in
metabolism, 13 genes in antioxidation, 8 genes in coagulation and fibrinolysis, 15
genes in cytokines and immune response, 32 genes in signal transduction, 47 genes
in others including protein degradation and unknown genes, etc, respectively. In
addition, among the decreased genes, there were 8 genes in cell cycle, proliferation
and apoptosis, 10 genes in RNA-processing, transcription and translation and 11
genes in signal transduction, respectively. Our data suggested DEP as expected increased inflammatory genes and suggested that this might be due to oxidative stress
and changes in RNA transcription and translation, signal transduction and cell
apoptosis.

781

DOWN-REGULATION IN HEPATIC GENE EXPRESSION
WITHIN 6H OF EXPOSURE TO TCDD

B. J. Ovando1, C. M. Vezina2 and J. R. Olson1. 1Pharmacology & Toxicology,
University at Buffalo, Buffalo, NY and 2Pharmacy, University of Wisconsin,
Madison, WI.
Investigations into the hepatotoxic effects of TCDD in female rats have led to the
identification of novel dioxin-responsive genes following subchronic (13 week) exposure to TCDD and other dioxin-like compounds (Vezina et al., 2004). Using
quantitative real time PCR we have determined that the up-regulation of
Ceacam10 (carcinoembryonic-related cell adhesion molecule 10), and the downregulation of Serpina7 (thyroxine binding globulin), CES3 (carboxylesterase 3) and
CYP3A13 (cytochrome P450 3A13) in liver occurs at 24h and 72h post exposure
to TCDD. Furthermore, using an AhR knockout mouse model we have determined that the down-regulation of Serpina7, CES3 and CYP3A13 in liver is dependent on a functional AhR. To offer more supportive evidence that regulation of
these genes occurs as a primary response to TCDD, we studied hepatic tissue at 6h
post exposure to a single dose of TCDD (5ug/kg, po). Our analysis shows a decrease in the expression of Serpina7, CES3, CYP3A13, regulated endocrine-specific
protein 18 (Resp18) and steroid 5 alpha-reductase 1 (Srd5a1) at 6h. These genes
were decreased approximately 7, 4, 5, 3 and 12-fold, respectively. Contrary to the
up-regulation in Ceacam10 seen at later time points, a repression in Ceacam10 expression was seen at 6h, suggesting a biphasic response to TCDD. To determine the
functional significance of CYP3A13 down-regulation, we analyzed progesterone
metabolism in hepatic microsomes from rats sacrificed at 72h post exposure. We
observed a decreased formation of 4-Pregnen-21-OL-3, 20 Dione in microsomes
from TCDD treated animals, suggesting a relationship between the formation of
this metabolite and repression of CYP3A13 expression. Further investigation of
these and other novel-dioxin responsive genes can shed light into the mechanisms
of action of AhR ligands and their relation to the adverse biological effects of these
compounds. Supported in part by NIEHS ES09440 and Univ. at Buffalo.
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GENOME-WIDE ANALYSIS OF TCDD-MEDIATED
PROMOTER BINDING OF THE ARYL HYDROCARBON
RECEPTOR

J. Burt, E. Dere, L. Burgoon and T. Zacharewski. Biochemistry & Molecular
Biology, Center for Integrative Toxicology, and National Food Safety & Toxicology
Center, Michigan State University, East Lansing, MI.
TCDD exerts most, if not all of its toxicological effects through the aryl hydrocarbon receptor (AhR), a ligand activated transcription factor which binds to regulatory sequences known as dioxin response elements (DREs). The genomic binding
location of activated AhR was investigated in Hepa-1c1c7 cells following treatment
with 10 nM TCDD for 2 hrs using chromatin immunoprecipitation and genomic
tiling microarrays (chIP-chip). Cross-linked chromatin was isolated in triplicate
from TCDD or vehicle treated cells, and AhR bound genomic regions were antibody precipitated. The AhR bound enriched DNA was amplified and hybridized in
a two-color experiment, comparing treated and vehicle samples, to a mouse promoter array, consisting of fifteen 50mer probes tiled across the regulatory region of
26,275 genes and putative coding regions. Treated and vehicle binding site repre-

sentation was contrasted on a per-site basis using an empirical Bayes method. A list
of putative AhR binding sites was generated using a P1(t) cut-off to identify regions
containing a high density of significantly enriched probes. Further analysis identified a number of classical DRE populated genes known to be TCDD responsive,
including Cyp1b1, Aldh3a1, and Nqo1. Functional annotation identified categories known to be regulated by TCDD, including xenobiotic metabolism, mitochondrial activity and cellular proliferation, in corroboration with published reports. A few genes known to be directly activated by AhR, most notably Cyp1a1,
were conspicuously absent which could be attributed to technical limitations in the
promoter array or of the assay. Integration of this data with cDNA gene expression
profiling allowed for the identification of putative primary gene expression responses to TCDD exposure. Overall, this study has identified novel DREs that warrant further investigation and significantly expanded the AhR gene battery facilitating further elucidation of the AhR regulatory networks. NIH R01 ES12245 and
T32 ES07255.
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A NEW ROLE FOR THE ARYL HYDROCARBON
RECEPTOR IN REGULATING GENE EXPRESSION
J. A. Schwanekamp and C. R. Tomlinson. Env. Health, University of Cincinnati,
Cincinnati, OH.
The aryl hydrocarbon receptor (AHR) is a primary participant in the molecular defense against environmental toxicants. The AHR, in addition to its role in xenobiotic metabolism, plays vital developmental roles in vascular patterning, organ modeling, extracellular matrix deposition, cell proliferation, apoptosis, and the
development of the heart and immune system. We have shown by global RNA expression analysis using microarrays that the AHR appears to influence the steadystate mRNA levels of hundreds of genes. However, it is unknown at which level(s)
mRNA expression is affected by the AHR, i.e., the level of transcription, nuclear
hnRNA processing, or mRNA turnover. We have examined the different levels of
mRNA expression regulated by the AHR by high-throughput methods using microarrays. We show that a major means by which the AHR affects steady-state
mRNA levels is by regulating the processing of primary RNA transcripts in the nucleus. We conclude that although the AHR regulates key xenobiotic metabolizing
genes at the transcriptional level, a larger impact of the AHR may be at post-transcriptional levels.
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VALIDATION OF PUTATIVE BIOMARKERS FOR THE
EARLY PREDICTION OF NON-GENOTOXIC
HEPATOCARCINOGENESIS AND COMPARISON TO
DRUG SIGNATURES
M. R. Fielden and R. Brennan. Iconix Pharmaceuticals, Mountain View, CA.
Identifying the hepatocarcinogenicity of drug candidates requires resource-intensive 2 year chronic administration bioassays in rodents. Numerous biomarkers and
mouse models have been proposed to facilitate early prediction of hepatocarcinogenicity in rodents, however, their validity is not well characterized, and it is likely
that multiple gene models will be required to predict such a complex phenotype.
The objective of this study was to use gene expression data from a comprehensive
toxicogenomic database (DrugMatrix®), representing hepatic expression profiles of
over 350 compounds, including over 100 compounds of known hepatocarcinogenic potential, in order to identify and validate putative single gene biomarkers of
non-genotoxic hepatocarcinogenesis. The predictive accuracy of these biomarkers
was compared to single genes on the microarray, and to multiple gene Drug
Signature derived using a supervised classification algorithm. Putative single gene
biomarkers involved in cell cycle (jun, fos), glutathione metabolism (GST-P, glutathione reductase), hormone signaling (androgen receptor) and many others were
found to have very poor sensitivity (e.g., true positive rate). Two markers, TSC-22
and alpha2-macroglobulin, positively predicted hepatocarcinogenicity 60 and 55%
of the time respectively, with specificities of 80 and 96%. Many genes with good
sensitivity (>80%) suffered in specificity (<75%). By comparison, using an SPLP
algorithm applied to the 100+ compound training set, we were able to derive a 45
gene signature based on day 5 liver expression data. This gene signature predicts
non-genotoxic hepatocarcinogenicity with estimated performance, based on leaveone-out cross-validation, of 80% sensitivity, and 98% specificity. Genes in this signature include alpha2-macroglobulin, pyruvate dehydrogenase kinase, alcohol dehydrogenase 4, and several ESTs. Validation using other hepatocarcinogens and
non-carcinogens will lead to an accurate performance estimate and determine the
general applicability of this Signature
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MONITORING CHOLINESTERASES: AN EXAMPLE OF
TRANSLATIONAL RESEARCH
B. W. Wilson, V. Nihart, J. D. Henderson, A. Ramirez and D. E. Arrieta.
Environmental Toxicology, University of California, Davis, CA.
Recently, the phrase “translational research” has been used to refer to projects that
carry fundamental studies from the bench to clinical application. One of these arenas is the dangers posed by the modern age of pesticides and chemical warfare that

require rapid, reliable, one size fits all biomonitoring. Such biomarkers include
blood cholinesterases (ChEs) used to detect exposures to organophosphates and
carbamates. California and Washington currently monitor pesticide and the DOD
monitors chemical warfare agent handlers. Elsewhere, ChEs are determined if exposures are suspected. Surprisingly, there are few efforts to form a common database
to assist public health agencies to make rapid decisions in emergency situations.
This presentation reviews a decade of research translating the results of colorimeteric and pH ChE bench assays into a convertible format and to provide rapidly accessible blood ChE data to decide if dangerous exposures have occurred. Problems
encountered in standardizing the assays, converting from one assay to another and
the reliability of clinical laboratories are discussed and recommendations made for
establishing a national data base. (Supported in part by NIOSH, DOD, NIH)

786

IDENTIFICATION OF BIOMARKERS FOR EXPOSURE
OF FATHEAD MINNOW TO 2,4-DINITROTOLUENE
USING CDNA MICROARRAYS - CORRELATION WITH
CLINICAL SYMPTOMS IN MAMMALS
H. Wintz1, L. Yoo2, J. A. Steevens2, A. B. Gibson2, E. J. Perkins2, C. D. Vulpe1
and A. Loguinov1. 1Nutritional Sciences and Toxicology, UC-Berkeley, Berkeley, CA
and 2USACE Engineer Research and Development Center, Vicksburg, MS.
The production of explosive 2,4-DNT and its use in military training activities has
resulted in its release to the aquatic environment through various surface water
pathways. The purpose of this study is to characterize the effects of 2,4-dinitrotoluene and the associated mechanisms of toxicity in the freshwater fish species, fathead minnow (Pimephales promelas), through the use of DNA microarray technology. We have used a fathead minnow cDNA microarray containing 5,000
anonymous ESTs made from RNA extracted from fish at different developmental
stages from embryo to adult. Adult fish were exposed to four concentrations of 2,4DNT (11, 22, 44, 88 µM respectively) for 10 days. RNA extracted from the liver of
exposed fish and from unexposed control fish were converted into cDNA, labeled
using Cy3 and Cy5 and hybridized to the cDNA microarrays. Statistical analysis of
hybridization signals was used to identify 72 cDNAs that are affected by exposure
to different concentrations of 2,4-DNT. Sequence analysis of the cDNA revealed
that several apolipoprotein subunit genes as well as a fatty acid binding protein were
down-regulated in the livers of exposed fish suggesting that 2,4-DNT interferes
with lipid metabolism. Our results also indicate that 2,4-DNT interferes with oxygen transport in the blood as suggested by its effect on the expression of the hemoglobin alpha chain gene, two transferrin genes as well as genes coding for mitochondrial respiratory chain components. These observations correlate well with the
results of a 2,4-DNT toxicity study which indicated that high doses of 2,4-DNT
cause methemoglobinemia and anemia in exposed animals as well as an almost total
absence of body fat. Our study on 2,4-DNT toxicity using a fathead minnow microarray platform suggests that cDNA microarrays can be useful to identify the
mechanisms of toxicity and as a predictive tool for toxicity in mammals
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CYP1A1 INDUCTION AND ARYL HYDROCARBON
RECEPTOR ACTIVATION: DEATH PENALTY FOR
PRECLINICAL DRUG CANDIDATE?
C. Sorrentino1, W. Hu2, M. Denison1 and M. R. Fielden2. 1Department of
Environmental Toxicology, University of California, Davis, CA and 2Iconix
Pharmaceuticals, Mountain View, CA.
Activation of the aryl hydrocarbon receptor (AhR) has been linked to numerous
toxicological effects of dioxin. As a result, induction of AhR-regulated genes, such
as Cyp1a1, is often interpreted as an indicator of the potential for a candidate drug
to pose a serious threat to human health. Consequently the development of clinically interesting molecules that activate this pathway usually comes to a halt. To assess the concordance between induction of Cyp1a1 and AhR activation by small
molecule drugs, and the relevance of AhR activation to preclinical drug safety assessment, we examined the expression of AhR-responsive genes in a toxicogenomic
database containing gene expression profiles from short-term, repeat dose rat studies with over 630 compounds. 150 compounds were selected based on in vivo
Cyp1a1 expression and screened for their ability to bind to and activate the AhR
using in vitro reporter gene, gel-shift and ligand binding assays. The results indicated that 83 compounds that induced Cyp1a1 in vivo failed to activate AhR in
vitro. Of the 184 marketed drugs that induced Cyp1a1 in at least one tissue, only
19 were identified as bona fide AhR ligands. These results demonstrate that induction of Cyp1a1 in vivo is a necessary, but not sufficient, indicator of AhR activation. Furthermore, these drugs do not produce dioxin-like toxicity in rats or evidence for chloracne or other adverse dioxin-like effects throughout years of clinical
use. This should be expected given that these drugs are relatively weak, metabolically labile and induce AhR-dependent gene expression only transiently, while those
AhR ligands that produce toxicity are resistant to metabolism and are persistent inducers. These results demonstrate that numerous clinically relevant drugs can activate the AhR signal transduction pathway without producing AhR-dependent toxicity, and that the ability of a chemical to activate the AhR pathway should not
eliminate it from further evaluation or development into a therapeutic agent.
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A FIRST STEP TOWARDS THE VALIDATION OF
PRECLINICAL SAFETY BIOMARKERS

F. Dieterle1, F. Staedtler1, S. Chibout1, A. Cordier1, M. DeCristofaro2, P.
Grass1, O. Grenet1, R. Hillenbrand1, M. Kammueller1, F. Legay1, J. A. Mahl1,
R. Papoian1, E. Perentes1, D. R. Roth1, D. Wahl1, A. Zaar1 and G. Maurer1.
1
BioMarker Development, Novartis, Basel, Switzerland and 2Novartis, East
Hannover, NJ.
In the context of the Critical Path initiative, a project on the validation of genomic
safety biomarkers has been initiated to qualify probable valid biomarkers as known
valid biomarkers. The project focuses on rat nephrotoxicity, whereby 8 model
nephrotoxicants and 2 known hepatotoxicants were administered at different dose
levels to assess toxicity at different grades. Thereby 15 biomarkers are investigated
on a gene expression level by measuring RNA from blood, liver, and kidney, and on
a protein level by quantifying proteins in blood and urine. This parallel approach
lays the basis for a broader mechanistically biochemical understanding. The biomarkers were selected to cover toxicity in proximal tubules, distal tubules,
glomeruli, but also vascular and general toxicity. All aspects of the implementation
of an early safety biomarker validation process map are considered in the course of
this project. The first step of the process map is a discovery phase with the discovery and selection of exploratory biomarkers, model compounds and the definition
of the animal model. Then appropriate analytical methods have to be developed
and validated, which are multiplexed immunoassays and RT-PCR in this case. The
in-life phase starts with a dose-range finding study and continues with the main validation studies with 960 animals in this project. The reference for validating sensitivity and predictivity of single biomarker and patterns of biomarkers for acute and
chronic toxicity are histopathology and 32 parameters from clinical chemistry
measured in blood and urine. After a review process by authorities, a submission of
the internally validated biomarkers into a cross-validation consortium is intended.
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LIMITED ADDITIONAL RELEASE OF CARDIAC
TROPONINS I AND T IN ISOPROTERENOL TREATED
BEAGLE DOGS WITH CARDIAC INJURY

X. Feng, P. Taggart, L. Hall, S. Bryant, J. Sansone, M. Kemmerer, J. Herlich
and P. Lord. Johnson & Johnson PRD, Raritan, NJ.
Many studies in laboratory animals have implicated both cardiac troponins (cTns)
as biomarkers for assessment of drug induced cardiac injury. However, the release of
cTns in these species as a result of drug-induced cardiac injury is not well defined.
In the present study, one cTnI and T immunoassay were used to measure the blood
content of cTns released from isoproterenol (ISO) treated beagle dogs, which were
used as an experimental model to assess drug induced cardiac toxicity. When dogs
were administered ISO (1 mg/kg/day) on two consecutive days, the release of cTns
exhibited time dependent and monophasic increases. Both cTns were elevated and
peaked at approximately 8 hours after each administration. The time dependent release of cTnI correlated very well with that of cTnT. When the dogs received the
second ISO administration, the elevation of cTns was remarkably lower compared
to the initial elevation, indicating limited release of cTns in response to repeated
ISO administration. Most importantly, the severity of ISO induced cardiac injury
examined was reflected by the blood level of cTns. To examine the potential relationship of cTns with other conventional cardiac markers, the time course of four
marker proteins including creatine kinase (CK), lactate dehydrogenase (LDH), aspartate aminotransferase (AST) and myoglobin (MYO) was also examined in the
same dogs in which cTns were determined. The levels of all four conventional cardiac protein markers were found elevated, however, they decreased faster than both
cTns, indicating a narrower diagnostic window. The blood levels of AST were
highly correlated with the released cTnI. In the male dog, the blood levels of CK
and LDH appeared to correlate with cTnI. No correlation of cTnI with MYO was
noted. In conclusion, the limited additional release of cTns into the blood does not
prevent their use as an indicator for ISO induced cardiac injury when compared to
the other four conventional cardiac markers.

cation of these adducts has not yet been reported. We have now prepared 3-NBAderived DNA adduct standards for 32P-postlabelling by reacting N-acetoxy-3aminobenzanthrone (N-Aco-ABA) with purine nucleotides. Three deoxyguanosine
(dG) adducts have been characterised as N-(2’-deoxyguanosin-8-yl)-3-aminobenzanthrone-3’-phosphate (dG3’p-C8-N-ABA), 2-(2’-deoxyguanosin-N2-yl)-3aminobenzanthrone-3’-phosphate (dG3’p-N2-ABA) and 2-(2’-deoxyguanosin-8yl)-3-aminobenzanthrone-3’-phosphate
(dG3’p-C8-C2-ABA),
and
a
deoxyadenosine (dA) adduct was characterised as 2-(2’-deoxyadenosin-N6-yl)-3aminobenzanthrone-3’-phosphate (dA3’p-N6-ABA). The major 3-NBA-derived
DNA adduct formed in rat lung cochromatographed with dG3’p-N2-ABA in two
independent systems (thin layer and high performance liquid chromatography).
This is also the major adduct formed in tissue of rats or mice treated with 3aminobenzanthrone (3-ABA), the major human metabolite of 3-NBA. Similarly,
dG3’p-C8-N-ABA and dA3’p-N6-ABA cochromatographed with two other
adducts formed in various organs of rodents treated either with 3-NBA or 3-ABA,
whereas dG-C8-C2-ABA was not found in vivo. dG-N2-ABA and dG-C8-N-ABA
are also the most persistent adducts in target tissue in rodents, and are most probably responsible for the induction of GC to TA transversion mutations observed in
vivo. It is concluded that these adducts not only represent premutagenic lesions in
DNA but are of primary importance for the initiation of the carcinogenic process
and subsequent tumour formation in target tissue.
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SEARCH FOR CANDIDATE PROTEIN BIOMARKERS
FOR PBDES TOXICITIES

S. Jeong, H. Pyo, E. Kim, H. Ku, H. Kang, S. Son and J. Cho. Toxicology
Division, NVRQS, Anyang, Kyunggi, South Korea.
Polybrominated diphenyl ethers (PBDEs) have been widely used as flame retardants and result in suppression of brain and sexual development when exposed at
young age. Useful biomarkers are needed for early detection of PBDEs exposure
and for understanding their toxic mechanism. In our study, male Wistar rats, 28
days old, were exposed orally to 3, 30 and 100 mg/kg bw PBDEs (DE-71) for 14
days and then withdrawn for 21 days. Protein biomarker candidates and their timecourse change in serum, liver, thyroid gland and brain were examined using proteinchip platform, based on surface enhanced laser desorption/ionization (SELDI)
time-of-flight mass spectrometry.
11.3, 16.9 and 33.8 kDa proteins in serum and 20.8 and 25.6 kDa proteins in liver
were significantly induced at 14 days of PBDEs (30 and 100 mg/kg) exposure.
These proteins were recovered to normal range at 21 days after PBDEs withdrawal.
15.2 and 15.9 kDa proteins in thyroid gland tend to be increased after 14 days of
PBDEs treatment with dysfunction and histological damage of thyroid gland, while
contrarily suppressed with dose dependency after 21 days withdrawal when sexual
maturation was complete. In brain, protein expression profiles showed no significant difference between groups. Three candidate serum proteins were not increased
at equivalent toxic dose of PCBs (4 mg/kg), 2,3,7,8-TCDD (1.5 µg/kg) and propylthiouracil (240 mg/kg). 33.8 kDa protein in serum were purified with binding
buffer of pH 7.0 HEPES and elution buffer of pH 7.0 HEPES containing 300 mM
NaCl. The purified 33.8 kDa protein was identified as apolipoprotein A-I precursor (ApoA-I) by peptide mapping with LC/Q-TOF and MALDI-TOF mass spectrometry and confirmed by western blot assay. These results indicate that SELDITOF/MS is a powerful tool for biomarker protein searching in serum and tissues of
animals exposed to hazardous chemicals and also, ApoA-I and other candidate protein profiles in serum and tissues found by SELDI-TOF/MS could be potential
biomarkers for PBDEs toxicity and exposure.
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GENETIC POLYMORPHISMS OF HUMAN NACETYLTRANSFERASE 2 INFLUENCE THE
BIOACTIVATION OF AROMATIC AND HETEROCYCLIC
AMINES

Y. Zang, M. A. Doll, J. States and D. W. Hein. Pharmacology & Toxicology and
Brown Cancer Center, University of Louisville, Louisville, KY.
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IDENTIFICATION OF THREE MAJOR DNA ADDUCTS
FORMED BY THE CARCINOGENIC AIR POLLUTANT 3NITROBENZANTHRONE IN RAT LUNG AT THE C8
AND N2 POSITION OF GUANINE AND AT THE N6
POSITION OF ADENINE

V. Arlt1, H. H. Schmeiser2, M. Kawanishi3, T. Kanno3, T. Yagi3, T. TakamuraEnya4 and D. H. Phillips1. 1Institute of Cancer Research, Sutton, Surrey, United
Kingdom, 2German Cancer Research Center, Heidelberg, Germany, 3Osaka
Prefecture University, Osaka, Japan and 4National Cancer Center Research Institute,
Tokyo, Japan. Sponsor: S. Mueller.
3-Nitrobenzanthrone (3-NBA) is a potent mutagen and rat lung carcinogen identified in diesel exhaust and ambient air. We detected the formation of 3-NBA-derived DNA adducts in rodent tissues by 32P-postlabelling, but structural identifi-
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Human N-acetyltransferase 2 (NAT2) is highly polymorphic and may modify individual cancer risks following environmental carcinogen exposures. The accuracy of
molecular epidemiological studies is compromised by uncertainty in genotype-phenotype relationships of NAT2 alleles and the consequent misgrouping of study subjects. We have previously reported the effects of single nucleotide polymorphisms
(SNPs) on the N-acetylation activity of NAT2. However, some aromatic and heterocyclic amines can be bioactivated by another activity of NAT2, O-acetylation, to
carcinogenic metabolites following N-oxidation by cytochrome P450s. The effect
of genetic polymorphisms in NAT2 on this function hasn’t been thoroughly investigated yet. Nine different NAT2 alleles, each containing a distinct SNP, and four
with common haplotypes, were cloned into a mammalian expression vector and
transiently expressed in COS-1 cells. O-Acetyltransferase (OAT) activities in cell
lysates were measured by HPLC and compared to that of a reference NAT2 protein
(NAT2 4, with no SNP) and the corresponding N-acetylation activity (NAT activ-

ity) reported previously. The results show that(1) OAT and NAT activities correlated very well, suggesting that rapid acetylators also have higher capacity to activate
aromatic and heterocyclic amines. SNPs G191A, T341C, G364A, A411T and
G590A significantly reduced OAT activity, while C282T, C481 and A803G did
not. (2) Common haplotypes NAT2*5B (T341C, C481, A803G), NAT2*6A
(C282T, G590A) and NAT2*14B (G191A, C282T) conferred decreased OAT activity, indicating that these haplotypes are associated with slow acetylator phenotype for OAT as well as NAT and (3) Both NAT2*7A (G857A alone) and
NAT2*7B (G857A, C282T) conferred decreased OAT activity with N-OH-ABP
but not N-OH-PhIP, suggesting a distinct structural change due to the G857A
SNP. Partially supported by USPHS grant CA34627, Komen Breast Cancer
Research Foundation DISS0403147 and the Kentucky Lung Cancer Research
Program.
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N-ACETYLTRANSFERASE 2 (NAT2) GENOTYPE
DEPENDENT METABOLIC ACTIVATION OF NHYDROXY ARYLAMINE CARCINOGENS IN
CRYOPRESERVED HUMAN HEPATOCYTES
M. A. Doll1, N. S. Jensen2 and D. W. Hein1. 1Pharmacology & Toxicology and
Brown Cancer Center, University of Louisville, Louisville, KY and 2IN VITRO
Technologies, Baltimore, MD.
N-Hydroxylation and subsequent O-acetylation catalyzed by N-acetyltransferase 2
(NAT2) activates aromatic and heterocyclic amine drugs and carcinogens to electrophilic compounds capable of binding DNA and causing mutagenesis and carcinogenesis. Many investigations (both in vitro and in vivo) have shown a biomodal
distribution of NAT2 phenotypes in human populations (rapid and slow acetylators), while some studies have suggested a trimodal distribution (rapid, intermediate, and slow acetylators). Studies in inbred animal models have clearly shown trimodal distributions of NAT2 phenotypes for both N- and O-acetylation. We
investigated the relationship between NAT2 genotype and the metabolic activation
(O-acetylation) of the N-hydroxylated metabolites of the carcinogens 4-aminobiphenyl (ABP) and 2-amino-1-methyl-6-phenylimidazo [4,5-b] pyridine (PhIP)
in cytosols derived from 18 cryopreserved human hepatocytes (6 of each NAT2
genotype determined by Taqman allele discrimination assay). Significant gene-dose
responses were observed between deduced NAT2 phenotype (rapid, intermediate,
or slow) and cytosolic N-acetyltransferase activity towards sulfamethazine (an
NAT2-selective substrate) and 4-aminobiphenyl as well as towards the metabolic
activation (O-acetylation) of N-OH-ABP and N-OH-PhIP. As a negative control,
p-aminobenzoic acid (an NAT1-selective substrate) NAT activities did not differ
significantly with NAT2 genotype. These results document the utility of cryopreserved human hepatocytes for NAT2 metabolism studies. Furthermore, the results
clearly document the presence of three NAT2 acetylator phenotypes (rapid, intermediate, and slow) in humans for both N- and O-acetylation that are accurately
predicted by NAT2 genotype. Partially supported by USPHS grant CA34627.
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QUANTIFICATION OF 4-AMINOBIPHENYL DNA
ADDUCTS IN RAPID AND SLOW ACETYLATOR RATS
BY LIQUID CHROMATOGRAPHY-TANDEM MASS
SPECTROMETRY
J. R. Neale, N. B. Smith, W. M. Pierce and D. W. Hein. Pharmacology &
Toxicology and Brown Cancer Center, University of Louisville, Louisville, KY.
4-Aminobiphenyl (4-ABP) is an aromatic amine carcinogen present in tobacco
smoke. N-acetyltransferase 2 (NAT2) is a phase II enzyme that catalyzes both Nacetylation (NAT) and O-acetylation (OAT) of aromatic amines. N-acetylation is a
detoxification pathway, whereas O-acetylation following N-hydroxylation by cytochrome P450 is an activation pathway for 4-ABP. NAT2 expresses a genetic polymorphisms resulting in rapid or slow acetylator phenotype. To determine the effects
of rapid and slow acetylator phenotype on the formation of 4-ABP DNA adducts,
rapid and slow acetylator rats were dosed orally with 4-ABP. N-(deoxyguanosine-8yl)-4-ABP (dG-C8-4-ABP) levels were characterized and quantified in different tissues by capillary high performance liquid chromatography-tandem mass spectrometry (HPLC-MS/MS). Rapid acetylator rats dosed with 50 mg/kg of 4-ABP had
significantly more adducts in the colon than slow acetylator rats. Slow acetylator
rats dosed with 10 mg/kg of 4-ABP had significantly more adducts in the bladder
than rapid acetylator rats. NAT and OAT enzymatic assays were performed on cytosols isolated from livers and colons of rapid and slow acetylator rats, and amounts
of products were quantitated by reverse phase HPLC. PABA and ABP NAT activities in liver and colon cytosols were significantly higher in rapid than slow acetylator rats. N-OH-4-ABP OAT activities were higher in colon than in liver cytosols
for both rapid and slow acetylator rats. N-OH-4-ABP OAT activities were significantly higher in rapid than slow acetylators in colon cytosol but not liver cytosol.
Taken together, these results are consistent with N-hydroxylation in the liver followed by higher rates of O-acetylation in the colon and colorectal cancer in rapid
acetylators. They also support human epidemiological studies showing that urinary
bladder cancer in cigarette smokers is more frequent among slow acetylators.
Partially supported by USPHS grant CA34627 from NCI.
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DETERMINATION OF THE SENSITIVITY OF CURRENT
MUTATION DETECTION METHODOLOGIES
THROUGH THE USE OF THE NIST HETEROPLASMIC
MITOCHONDRIAL DNA STANDARD REFERENCE
MATERIAL 2394
B. C. Levin. Biotechnology Division, National Institute of Standards and Technology,
Gaithersburg, MD.
Human mitochondrial DNA (mtDNA) mutations may be induced by exposure to
chemical and environmental toxicants. These mutations and polymorphisms, when
inherited, are important for forensic identifications and mitochondrial disease diagnostics. However, low-frequency mutations, heteroplasmies, or SNPs scattered
throughout the DNA in the presence of a majority of wild-type mtDNA are almost
impossible to detect. Therefore, NIST has developed heteroplasmic human
mtDNA Standard Reference Material (SRM) 2394 to allow scientists to determine
their sensitivity in detecting such differences. SRM 2394 is composed of mixtures
ranging from 1/99 to 50/50 of two 285 bp PCR products that differ at one nucleotide position. Before the final SRM was prepared, twelve laboratories including
NIST participated in an Interlaboratory Evaluation (ILE) of a prototype of SRM
2394. This ILE was a blind study in which the investigators could use any mutation
detection method of their choice. The methods chosen included automated DNA
sequencing with three different chemistries and different sequencers; denaturing
gradient gel electrophoresis (DGGE); the use of a designer peptide nucleic acid
(PNA); the Luminex 100 system: the LigAmp procedure; and denaturing high performance liquid chromatography. Most of these procedures (exceptions were PNA,
the Luminex 100 system and the LigAmp procedure) were unable to detect the heteroplasmy if present below 20%; an indication that, in many real life cases, low-frequency mutations remain undetected and that more sensitive mutation detection
techniques are urgently needed. More information on SRM 2394 can be found at
www.nist.gov/srm Enter the number 2394 into the search box.
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NORMAL LIVER AND SPLEEN IRON STATUS ARE
UNDER MULTIGENIC CONTROL
A. G. Smith1, G. R. Grant1, S. Robinson1, R. E. Edwards1, R. Davies1, D. J.
Judah1 and K. W. Broman2. 1MRC Toxicology Unit, University of Leicester, Leicester,
United Kingdom and 2Department of Biostatistics, Johns Hopkins Medical School,
Baltimore, MD.
Many toxic mechanisms are ascribed to generation of reactive oxygen species catalysed by iron. How individual variation in iron homeostasis might influence these
toxicities is poorly understood. To search for genes which might account for variability in iron status we used quantitative trait loci (QTL) analysis of an F2 intercross (284)between C57BL/6J and SWR mice that possess markedly different basal
levels of liver and spleen iron and respond differently to the iron chelator CP94.
QTL were mapped using the extreme 17 percentiles and polymorphic microsatellite markers. Where the evidence was strongest for a QTL, further markers were included and the remainder of the mice genotyped. The R/qtl program was used for
QTL mapping, and to determine any degree of dominance and epistasis. Sex was
included as an additive covariate. Genome-wide thresholds of 10% (suggestive) and
1% (highly significant) were derived by 10000 permutations of shuffled genotypes.
Correlation between liver and spleen iron was low (r <0.3; p<0.05) implying that
genetic and environmental factors determining levels in the two tissues were largely
independent. Highly significant QTL on chromosomes 2 (57 cM), 7 (47 cM) and
16 (29 cM) were found for liver and 8 (18 cM) and 9 (56 cM) for spleen. When
males and females were considered separately, suggestive QTL on chromosomes 8,
11, and 19 for liver and chromosome 2 for spleen contributed to the variation.
There was no evidence for epistasis. The gene for transferrin mapped close to the
major chromosome 9 QTL and saturation of serum transferrin was significantly
lower in C57BL/6J than SWR mice, but no significant differences in hepatic expression or plasma levels or cDNA sequence predicting an amino acid change, were
detected. The findings show that complex genetic factors determine basal iron status in ‘normal’ individuals and may be pertinent in susceptibility to oxidative stress
toxicities as well as to cancer, cardiovascular disease and infection.
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A PHARMACOGENOMIC APPROACH FOR
ANTICOAGULATION THERAPY: EFFECT OF
POLYMORPHISMS IN THE MICROSOMAL EPOXIDE
HYDROLASE (MEH) GENE ON WARFARIN-DOSE
REQUIREMENT AND METABOLISM
C. Kinslow, M. M. Xue, H. vonMarrensdorff, C. Lee, C. C. Hallberg, C. E.
Hill, K. J. Wolfe and S. Abdel-Rahman. UTMB, Galveston, TX.
Warfarin (Coumadin) is the long term, oral anticoagulant of choice, and is prescribed to large numbers of patients to treat or prevent thrombosis. Because the
drug has a narrow therapeutic index, correct dosing is a challenge even to experienced clinicians. Interindividual differences in dose requirements are substantial,
due largely to differences in rates of metabolism of warfarin in the liver. This complicates the achievement of stable
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maintenance doses. Warfarin inhibits the VKOR complex, resulting in the formation of a pool of vitamin K epoxide. This epoxide is hydrolyzed by the microsomal
epoxide hydrolase (mEH) enzyme, thereby inhibiting blood coagulation. Activity
of the cytochrome P450 enzyme CYP2C9 is principally responsible for metabolism
and clearance of warfarin. Several polymorphisms that are associated with substantial differences in enzyme activity have been identified in both the CYP2C9 and the
mEH genes. In the current study, we examined the hypothesis that polymorphisms
in the CYP2C9 and in the mEH genes affect warfarin metabolism in 184 patients
treated with this drug attending the anticoagulation clinic at UTMB. Our results
indicate that individuals with mEH polymorphisms associated with high mEH activity have reduced serum warfarin levels (mean + SE = 0.97 + 0.10) compared to
individuals with low activity mEH (1.40 + 0.08; P=0.007), regardless of their
CYP2C9 genotypes. This relationship was gender specific and observed mainly in
female patients (P=0.03). These new data suggests that the mEH genotype may be
an important factor to consider when treatment with this drug is indicated (supported by ICRA 20020312 grant from the Doris Duke Charitable Foundation and
T32-ES07254 from NIEHS).
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ACUTE TOXICITY OF ACETALDEHYDE ON ALDEHYDE
DEHYDROGENASE 2 GENE TARGETING MICE:
5000PPM 4H INHALATION STUDY

T. Isse1, T. Oyama1, K. Naoki2, K. Matsuno3, M. Ogawa1, T. Kinaga1, T.
Murakami1, T. Yamaguchi1, K. Kitagawa4, I. Uchiyama5 and T. Kawamoto1.
1
Environmental Health, University of Occupational and Environmental Health,
Kitakyushu, Japan, 2Health Science, University of Occupational and
Environmental Health, Kitakyushu, Japan, 3Bio-information Research Center,
University of Occupational and Environmental Health, Kitakyushu, Japan, 4First
Department of Biochemistry, University of Occupational and Environmental Health,
Hamamatsu, Japan and 5Environmental Hygiene, School of Technology, Kyoto
University, Kyoto, Japan.
Acetaldehyde is mainly metabolized by aldehyde dehydrogenase 2 (ALDH2). Half
of Japanese are inactive aldehyde dehydrogenase genotype (ALDH2*2/*2 and
ALDH2*1/*2). ALDH2-inactive individuals were estimated to be at a higher risk of
toxicity due to a higher internal exposure to acetaldehyde. However, acute inhalation toxicity of acetaldehyde has not been evaluated in these populations. We compare Aldh2 inactive gene targeting mice (Aldh2-/-) and that of wild type mice
(Aldh2+/+) by 5000 ppm 4 h acetaldehyde inhalation test modified from the acute
toxic class method (OECD TG433).
The Aldh2-/- evidently showed more severe toxicity as compared with the
Aldh2+/+ by 5000ppm 4 h acetaldehyde inhalation. Symptoms such as crouching,
bradypnea, and piloerection were observed both the Aldh2+/+ and Aldh2-/-.
Flushing was observed only in the Aldh2+/+. Symptoms like tears, straggling gait,
prone position, pale skin, abnormal deep respiration, dyspnea, and one case of
death were observed only in the Aldh2-/-. The symptoms did not change 1 h after
inhalation in the Aldh2+/+. In contrast, in the Aldh2-/-, the symptoms became
more severe until the end of the inhalation. The blood acetaldehyde level in the
Aldh2-/- was approximately twice that in the Aldh2+/+ 4 h after inhalation.
Acetaldehyde toxicity in Aldh2-/- and Aldh2+/+ was estimated and classified one
class different. Based on this study, acetaldehyde inhalations were inferred to pose a
higher risk to ALDH2-inactive human individuals.
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CHINESE HAMSTER OVARY CELLS EXPRESSING
CYP1A1 OR CYP1A2 AND RAPID OR SLOW
ACETYLATOR N-ACETYLTRANSFERASE 1 (NAT1): A
MODEL TO INVESTIGATE EFFECTS OF HUMAN NAT1
POLYMORPHISM ON ARYLAMINE GENOTOXICITY

J. Bendaly, S. Zhao, M. A. Doll, J. States and D. W. Hein. Pharmacology &
Toxicology and Brown Cancer Center, University of Louisville, Louisville, KY.
NAT1 catalyzes the deactivation (N-acetylation) and/or activation (O-acetylation)
of aromatic and heterocyclic amine carcinogens. Genetic polymorphisms exist in
NAT1 that may modify cancer risk following exposures to these carcinogens. To investigate the role of human NAT1 polymorphisms on genotoxicity from aromatic
and heterocyclic amine carcinogens, DNA nucleotide excision repair-deficient
Chinese hamster ovary cells (UV5) were constructed with stable expression of
human cytochrome P4501A1 (CYP1A1) or human cytochrome P4501A2
(CYP1A2) and a single copy of human NAT1*4 (rapid acetylator) or human
NAT1*14B (slow acetylator) allele. The Flp-In expression system (Invitrogen) was
used to express the single copy of human NAT1 into UV5 cells expressing human
CYP1A1 (UV5CYP1A1) or human CYP1A2 (UV5CYP1A2). This system allows
the expression of a single copy of NAT1 gene at a specific genomic location, thus
eliminating the potential expression variations due to the chromosomal position effect and unknown copy number of the cDNA. Briefly, rapid NAT1*4 and slow
NAT1*14B acetylator alleles were individually cloned into pcDNA5/FRT plasmid.
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After sequence confirmation, each was transfected into UV5CYP1A1 and
UV5CYP1A2 cells, and cells were then selected for hygromycin B. NAT1 catalytic
activity was determined using the NAT1-specific substrate p-aminobenzoic acid
(PABA). The results showed that PABA NAT1 activity in the cells containing a single copy of NAT1*4 was ~ 50-fold higher than in the cells containing a single copy
of NAT1*14B for both UV5CYP1A1 and UV5CYP1A2 containing cells. PABA
NAT1 activity was not detectable in cells that were not transfected with NAT1.
These cell lines will be a useful tool to study human NAT1 polymorphisms and
their effect on aromatic and heterocyclic amine genotoxicity. Partially supported by
USPHS grant CA34627 and Philip Morris USA.

800

2-AMINO-1-METHYL-6-PHENYLIMIDAZO [4,5-B]
PYRIDINE (PHIP)-INDUCED DNA ADDUCTS IN
CHINESE HAMSTER OVARY (CHO) CELLS EXPRESSING
HUMAN CYP1A2 AND RAPID AND SLOW NACETYLTRANSFERASE 2 (NAT2)
K. J. Metry, S. Zhao, J. R. Neale, M. A. Doll, J. States, W. McGregor, W. M.
Pierce and D. W. Hein. Pharmacology & Toxicology and Brown Cancer Center,
University of Louisville, Louisville, KY.
The heterocyclic amine carcinogen PhIP has been shown to induce cancers in the
rat. Following N-hydroxylation, NAT2 further activates N-OH-PhIP by O-acetylation to form DNA adducts and initiate tumors. We hypothesize that individuals
with rapid NAT2 acetylator phenotype will have increased levels of DNA adducts
and carcinogenesis following exposure to PhIP. In order to compare DNA adduct
formation between human rapid and slow NAT2 acetylators, repair-deficient CHO
cells were stably transfected with the following human alleles: CYP1A2, CYP1A2
with NAT2*4 (rapid acetylator), and CYP1A2 with NAT2*5B (slow acetylator). Nhydroxy-PhIP O-acetyltransferase activity was measured by formation of dG-C8PhIP, the primary DNA adduct in PhIP-treated cells, and the activity in cytosol
from the rapid acetylator cell line was 5.69 pmoles/min/mg protein versus 0.988
pmoles/min/mg protein in the slow acetylator cells. N-hydroxylation of PhIP to Nhydroxy-PhIP was approximately 5 pmol/min/mg in microsomes from both the
rapid and slow NAT2 acetylator CHO cell lines. PhIP treatment decreased survival
measured by colony forming ability, and significantly increased mutagenesis measured at the hypoxanthine phosphoribosyl transferase locus, in all the CYP1A2-transfected cell lines. PhIP-DNA adducts were quantified using high performance liquid
chromatography-tandem mass spectrometry (HPLC-MS/MS). The dG-C8-PhIP
adduct levels were dose-dependent in each cell line, and exhibited a highly significant (P<0.0001) trend of CYP1A2/NAT2*4 >CYP1A2/NAT2*5B>CYP1A2>untransfected cells following each PhIP dose. These results suggest that PhIP exposures result in formation of higher DNA adduct levels in human rapid than slow
NAT2 acetylators. Partially supported by USPHS grant CA34627 and a grant from
Phillip Morris USA.
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MODULATION OF GAS-VAPOR PHASE-INDUCED
CYTOTOXICITY FROM 2R4F KENTUCKY REFERENCE
CIGARETTE
J. T. Hamm and J. D. Johnson. Lorillard Tobacco Company, Greensboro, NC.
Cigarette total particulate matter- (TPM) induced toxicity has been studied; however, there is increasing interest in the toxicity of whole smoke or gas-vapor phase
(GVP) preparations. The purpose of this study was to begin to establish an understanding of GVP cytotoxicity using the neutral red uptake assay in Chinese hamster
ovary cells. Towards this end, whole smoke was drawn through a Cambridge filter
pad and bubbled through an impinger containing PBS placed in an ice bath. We
observed dose-dependent toxicity with dilutions of GVP with an IC50 of 45-55
µg/ml. Interestingly, there was a dramatic decrease (200%) in the cytotoxicity of
GVP and a marginal decrease (30%) of TPM when complete medium (10%
serum) was used compared to the serum free medium. Such a protective effect was
also observed when serum was replaced with purified bovine serum albumin (4
mg/ml). Further, the simplest amino acid tested, glycine (0, 0.156, 0.625, 1.25, 2.5
and 5.0 mg/ml) was found to decrease GVP cytotoxicity and a strong correlation
(r2=0.95) between the IC50 of GVP and the amount of glycine present in the
media was demonstrated. Further testing with other amino acids at 1.25 mg/ml
also afforded protection, which was in the order of cysteine >> glycine = serine = asparagine = proline. Glutathione synthesis inhibition by pre-incubation with
buthionine sulfoximine enhanced the cytotoxicity of GVP from an IC50 of 37.8 to
5.6 and TPM from 38.5 to 11.7 µg/ml. Conjugated forms of glycine demonstrated
that the amino terminal is critical in reducing toxicity. Conjugated cysteine (Smethyl cysteine) while protective, was far less protective than cysteine. Results from
the present study indicated that cytotoxic components of the GVP likely react with
the amino terminal of amino acids and the thiol group of cysteine. Based upon
structural identification of GVP compound complexation with amino acids, the
carbonyl compounds are suspected to represent a significant contribution to the cytotoxicity. Experimentation is underway to identify specific compounds conjugated
to amino acids.
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IMPAIRMENT OF LUNG CELL ENERGETICS BY
TETRAHYDROCANNABINOL IN VIVO

T. A. Sarafian1, L. Lin1, M. Oldham2, D. P. Tashkin1 and M. D. Roth1.
Medicine, UCLA, Los Angeles, CA and 2Community and Environmental Medicine,
UC Irvine, Irvine, CA.
1

Habitual marijuana smoking is associated with airway inflammation, chronic bronchitis and impaired host-defense. ∆9-tetrahydrocannabinol (THC), the major psychoactive component of marijuana smoke, has been shown to disturb lung epithelial cell energetics. In vitro, both A549 lung adenocarcinoma cells and primary
human small airway epithelial cells display dose-dependent loss of ATP following
exposure to THC or to marijuana smoke extract. Studies using the fluorescent
probe, JC-1, revealed that THC caused depolarization of the mitochondrial membrane. This injury was not observed with tobacco or placebo smoke extract, implicating THC as the primary etiologic agent. If these events occur in vivo, they could
be responsible for some of the pathological consequences of marijuana exposure in
human lungs. To investigate this possibility, we used a rat model for acute nose-only
smoke inhalation cigarettes and examined lung and tracheal epithelial cells and
alveolar macrophages (AM). Exposure of rats to marijuana smoke for 20 min resulted in a 47 % decrease (p < 0.001) in JC-1 red staining in fresh-sectioned lung
tissue. An equivalent amount of tobacco smoke produced only a 17 % decrease.
Epithelial cells isolated from the trachea also displayed a decrease of 64 % (p <
0.03) in JC-1 red/green ratio. ATP levels were reduced by 72 % (p <0.005). AM
removed by lavage following smoke exposure also displayed 38 % loss of ATP (p <
0.04) compared with AM from control rats. These results reveal that at least two
cell types, tracheal epithelial cells and AM, are adversely impacted in vivo by marijuana smoke, displaying compromised energetics for at least 30 min after smoke exposure. This marijuana-specific mitochondrial injury may contribute to the observed airway pathology in habitual marijuana users. This work was supported by
NIH/NIDA grant R37DA030-23.
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PEROXIREDOXIN-6 IS DECREASED IN BOTH MALE
AND FEMALE ADULT MOUSE AIRWAYS BY EXPOSURE
TO TOBACCO SMOKE

L. S. Van Winkle1, G. L. Baker2 and K. M. Sutherland1. 1VM:APC/CHE, UC
Davis, Davis, CA and 2Battelle, Richland, WA.
The lung is unique among organs in that it continues to both grow and differentiate while it undergoes substantial interaction with the environment. Exposure to
tobacco smoke in the pre and postnatal period alters rat lung development, particularly in conducting airways. Further, emerging evidence indicates that there are sex
differences in lung diseases that involve the conducting airways. Accordingly, our
studies have focused on defining the role of prenatal vs. pre+postnatal tobacco
smoke exposure on lung development and airway specific gene expression in male
and female mice. Mice were exposed to 1 mg/m3 total suspended particulate aged
and diluted sidestream tobacco smoke (TS) or filtered air for 5 days per week for 6
hrs per day from d6 of gestation to adulthood. Exposure groups were as follows: pre
and postnatal filtered air (FA/FA), prenatal TS + postnatal FA (TS/FA), pre and
postnatal TS (TS/TS). At 8 wks of age animals were necropsied and the lungs were
inflated with RNAlaterTM through a tracheal cannula. Airways were microdissected and RNA was prepared for real time RT-PCR of peroxiredoxin-6 (prdx6)
and the Clara cell secretory protein (CC10). Baseline, FA/FA male mice had significantly more airway associated CC10 (1.5 fold increase) and prdx6 (2 fold increase)
gene expression than female mice. In male mice exposed to TS, either in the TS/FA
or the TS/TS group, CC10 and prdx6 gene expression was significantly decreased
compared to FA male controls, possibly correlating with a decrease in CC10 expressing Clara cells with smoke exposure. In contrast, airway associated CC10 gene
expression was not different among the female exposure groups, indicating no effect of TS on CC10 in females. However, prdx6 gene was significantly decreased in
the TS/FA group (2 fold) compared to female FA controls only. We conclude that
prenatal exposure to tobacco smoke results in persistent sex-specific changes in
CC10 and prdx6 gene expression in airways and that baseline levels of expression
differ between male and female mice. Supported by ES013066 and ES05707
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IN UTERO EXPOSURE TO ENVIRONMENTAL
TOBACCO SMOKE (ETS) CAN POTENTIATE
SENSITIZATION OR TOLERIZATION TO
AEROALLERGEN

A. Penn1, R. Rouse1, D. Paulsen2, L. Lomax2, M. Kearney2 and D. Horohov3.
1
CBS, LSU School of VET.. MED.., Baton Rouge, LA, 2Pathobiol. Sciences., LSU
School of VET.. MED.., Baton Rouge, LA and 3VET.. Sciences, University. of KY,
Lexington, KY.
The Barker Hypothesis proposes that in utero stress to a fetus can predispose it to
chronic disease as an adult. Epidemiologic and experimental results support this hypothesis. We proposed that in utero exposure to ETS should exacerbate asthmatic

responses in susceptible mice by overcoming tolerance to an aerosolized antigen.
Pregnant Balb/c mice were exposed to ETS (10 mg/m3); 5 hr/day) mixed with
HEPA-filtered air (Air) or to filtered air alone for the first 19 days of pregnancy.
Fourteen offspring, from each of the 2 exposure groups, were sacrificed at 6 weeks
of age while others were exposed to either a tolerizing regimen of aerosolized ovalbumin (OVA) or saline at 7-8 weeks of age (N=17-20/group) and sacrificed at 9
weeks of age. All remaining mice (N=17-21/group) were sensitized to OVA by intraperitoneal injections of OVA with alum adjuvant in week 13 and aerosolized
OVA in week 14. All mice were sacrificed in week 15. Endpoints included cytokines (IL-4, -5, -13 & IFN-gamma) in bronchoalveolar lavage (BAL) fluid, BAL
cell differentials, lung function via plethysmography and lung histopathology.
There were no differences at 6 weeks between mice exposed in utero to ETS or Air.
At 9 weeks, the major difference between groups (p<0.05) was increased airway responsiveness in ETS/OVA mice. At 15 weeks, ETS/Saline mice had the highest cytokine levels, most eosinophils and macrophages in BAL, greatest airway responsiveness and highest levels of lung inflammation (all p<0.05) of any group. In
contrast, ETS/OVA mice were least responsive for all these endpoints, while
Air/saline and Air/OVA mice displayed intermediate responses. Thus, in this
model, in utero ETS exposure potentiates airway immune responses in adults, resulting in either increased airway sensitivity or enhanced tolerance to aeroallergen.
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EFFECT OF EXPOSURE PATTERN ON CIGARETTE
SMOKE-INDUCED LUNG INFLAMMATION

T. F. Schuessler1, N. Ferrari2, M. Fortin2 and L. Paquet2. 1SCIREQ Scientific
Respiratory Equipment Inc., Montréal, QC, Canada and 2Topigen Pharmaceuticals
Inc., Montréal, QC, Canada. Sponsor: D. Bhalla.
Inflammation in the lungs, in particular the secretion of Neutrophils and TNFα,
are considered key factors in the development of Emphysema and COPD. The objective of this study was to investigate the effects of dose and time course of cigarette
smoke exposure on lung inflammation in mice for the purpose of developing a
rapid, efficient exposure protocol suitable for pharmacological studies.
Mice were exposed to smoke from 1R3F research cigarettes (Univ. Kentucky), filter removed, using an integrated cigarette smoking/nose-only inhalation system
(inExpose, SCIREQ Inc.). Exposure patterns were 8 cigarettes per day (c/d) for 1
day (group A), 16 c/d for 1 day (B), 8 c/d for 2 days (performed twice, C1 & C2),
and 4 c/d for 3 days (D). Control animals were exposed to ambient air. 24h after
last exposure, mice were sacrificed and Neutrophil and Macrophage counts were
obtained from broncho-alveolar lavage (BAL). In group C2, TNFα mRNA levels
were quantified by Quantigene analysis.
Cell counts for groups A and B did not show significant increases over control. In
groups C1 and C2, Neutrophil counts were elevated significantly (p<0.05 in both
cases) while Macrophage counts, although reproducibly increased, did not reach
statistical significance. TNFα levels in group C2 more than doubled relative to control (p<0.005). In group D, Macrophages were significantly increased (p<0.005),
but Neutrophils remained low.
The above data demonstrate that cigarette smoke-related lung inflammation and
increased Neutrophil counts were successfully induced in groups C1 and C2. In
contrast, increased Neutrophil counts could not be observed after single-day exposure (group A), even at a doubled dose (group B), or at a lower dose over three days
(group D). These observations suggest that the combination of dose and time
course of the cigarette smoke exposure is critical to the resulting inflammation.
While our protocol C is suitable for pharmacological screening, more work will be
required to fully understand these interactions and optimize exposure patterns.
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SHORT-TERM CIGARETTE SMOKE EXPOSURE
POTENTIATES ENDOTOXIN-INDUCED PULMONARY
INFLAMMATION

G. S. Kulkarni, P. P. Nadkarni, J. M. Cerreta and J. O. Cantor. Pharmacy and
Allied Health Professions, St John’s University, New York, NY. Sponsor: L. Trombetta.
Long-term cigarette smoke exposure induces chronic pulmonary inflammation,
leading to asthma, bronchitis, and emphysema. However, the effects of short-term
smoke inhalation are less clear, since they are not generally associated with significant changes in lung morphology. Indeed, short-term smoke exposure may adversely affect the lung only if underlying disease is present. To test this hypothesis,
Syrian hamsters were passively exposed to cigarette smoke for 2 hrs per day over a
period of 3 days either before or after intratracheal instillation of low-dose (0.1 mg)
E. coli endotoxin (controls received endotoxin alone). All animals were euthanized
24 hr after the last smoking session. Compared to controls, hamsters pre-exposed to
smoke showed significant increases in the following parameters: 1) lung inflammation graded on a scale of 0-4 (3.4 vs 2.1; p<0.001), 2) percentage of broncho-alveolar lavage fluid (BALF) neutrophils (73 vs 9.0; p<0.001), 3) percentage of
TNFR1-labeled BALF macrophages (60 vs 6.0; p<0.05) and 4) apoptotic cells per
high-power (400x) microscopic field in the lung interstitium (2.8 vs 1.4; p<0.05).
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Hamsters exposed to cigarette smoke following endotoxin instillation also showed
significant increases in these parameters compared to controls, but to a lesser extent
that pre-exposed animals. In terms of human disease, the findings indicate that
smoking may exacerbate superimposed lung injury (e.g. pneumonia). They also
suggest that non-smokers with underlying lung disease may be particularly vulnerable to the adverse effects of second-hand smoke.
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GENDER AND STRAIN DIFFERENCES IN TOBACCO
SMOKE-INDUCED INFLAMMATION

Y. Shen and K. E. Pinkerton. Center for Health and the Environment, University of
California, Davis, Davis, CA.
The health injury impact of tobacco use in society is well established; however,
those factors resulting in differences in sensitivity to tobacco smoke are poorly understood. The objective of this study was to compare gender and strain differences
in susceptibility to tobacco smoke-induced airway inflammation and injury. Agematched male and female spontaneously hypertensive (SH) rats and male normotensive Wistar Kyoto (WKY) rats were exposed either to filtered air or to tobacco smoke for 6 hours/day, 3 days/week for 4 or 12 weeks at an average total
particulate concentration of 85 mg/m3. At necropsy, rat lungs were lavaged and
bronchoalveolar lavage fluid (BALF) was analyzed for total white cell number, differential cell count, lactate dehydrogenase (LDH) activity and TNF-alpha concentration. Following 4 weeks of tobacco exposure a significant increase (P<0.05) in
BALF neutrophils for both male and female SH rats was noted compared with their
filtered air controls, but not in WKY rats. The percentage of BALF neutrophils for
male SH rats exposed to smoke was 41 % (4%, control), for female smoke-exposed
SH rats was 17% (2%, control), and for WKY rats was only 4% (2%, control). The
difference in percent neutrophils was significantly greater in males compared with
females. Male SH rats also showed significant elevations in total white cell number,
LDH activity and TNF-alpha concentration following 4 weeks of smoke exposure
compared with filtered air controls. In contrast, female SH rats and WKY rats
demonstrated no significant changes from corresponding control animals. At 12
weeks following tobacco exposure, male SH rats continued to show a significant increase in BALF neutrophils when compared with their filter air controls, whereas
female SH rats and WKY rats only had minor increase. The percentage of BALF
neutrophils was 4% for male control SH rats and 26% for male smoke-exposed SH
rats (p<0.05). These results suggest strong gender and strain differences in tobacco
smoke-induced lung inflammation and injury.
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DERMAL EXPOSURE TO PROPICONAZOLE AMONG
FARM WORKERS

S. Flack1, I. Goktepe2, L. M. Ball1 and L. A. Nylander-French1. 1Environmental
Sciences & Engineering, University of North Carolina at Chapel Hill, Chapel Hill,
NC and 2North Carolina A&T State University, Greensboro, NC.
Widespread use and the potential for significant health impacts warrant evaluation
of exposure to triazole fungicides. We investigated farm workers’ (n = 9) exposure to
propiconazole, one of the most commonly used triazole fungicides, by measuring
dermal penetration using a tape-strip technique of the skin. Propiconazole was
quantified by GC-MS in EI+ mode (LOD and LOQ were 20 and 45 fmol per µL
injection, respectively). Tape-strip samples from the workers’ forearms and hands or
neck contained between 0.07 and 3.08 nmol/cm2 of propiconazole, and sequential
tape-strips indicated dermal penetration. In some instances tape-stripped skin areas
on the right and left forearms, which were covered by PPE, and, thus, should not
have received any exposure, had higher amounts of propiconazole (1.36 ± 0.74
nmol/cm2) than exposed regions (0.55 ± 0.13 nmol/cm2). Use of an enclosed tractor cab to protect the operator during pesticide application did not prevent dermal
exposure to propiconazole (0.09 – 0.32 nmol/cm2). Washing of hands with water
prior to sampling also failed to remove the pesticide completely (1.55 nmol/cm2).
This study demonstrates that tape-stripping of the skin with GC-MS analysis is a
highly sensitive method for determining dermal deposition and penetration of
propiconazole. These findings indicate that dermal exposure to propiconazole can
occur even in the presence of PPE and residual propiconazole may remain in the
skin after hand washing. (Supported by NC Agromedicine Institute, Greenville,
NC through USDA/CSREES #2004-1631-02.)
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IN VITRO DERMAL ABSORPTION OF PYRETHROID
PESTICIDES IN RAT AND HUMAN SKIN

M. F. Hughes and B. C. Edwards. ORD/NHEERL, USEPA, Research Triangle
Park, NC.
Pyrethriods are neurotoxic pesticides and their use may lead to dermal exposure.
This study examined the in vitro dermal absorption of pyrethroids in rat and
human skin. Dorsal skin removed from adult male LE rats (hair clipped 24 h previ-
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ously) was dermatomed and mounted in flow-through diffusion cells. Dermatomed
human cadaver skin was also used. Radiolabeled bifenthrin (B), deltamethrin (D)
or cis-permethrin (P) (rat-10, 30 and 100 nmole; human-10 and 100 nmole) was
applied in acetone to the skin. Fractions of receptor fluid were collected every 4 h.
At 24 h, the skins were washed with a soap:water mixture to remove unabsorbed
chemical. The skin was then solubilized. Two additional experiments with rat skin
were done after the wash. These were tape-stripping the skin and collection of receptor fluid for an additional 24 h. Receptor fluid, tape strips, solubilized skin and
skin washes were analyzed for radioactivity. In rat, the 24 h cumulative % of the applied dose in the receptor fluid ranged from 1-2% for B, 1-4% for D and 2-5% for
P. In the wash, the % dose was 59-69% for B, 26-28% for D and 33-41% for P. The
% dose in skin was 33-43% for B, 26-28% for D and 33-41% for P. Tape stripping
washed skin at 24 h removed 5% of the dose for B and D and 1% for P. The % dose
in the receptor fluid collected from 24-48 h was 1% for B, 2% for D and 3% for P.
For human skin, the 24 h cumulative % dose in receptor fluid was 1% for B, 1-2%
for D and 2% for P. In the wash, the % dose was 75-83% for B, 78-79% for D and
71-72% for P. The % dose in skin was 14-21% for B, 14-15% for D and 22-24%
for P. A low percentage of the dose of B, D and P completely penetrated rat and
human skin. A higher percentage of the dose of these compounds was in the skin of
rat than in human skin. Rat skin is more permeable than human skin to B, D and
P. A considerable amount of B, D or P remains in rat skin after washing and may
completely diffuse through it. Consideration of the skin type used and fractions analyzed are important when using in vitro dermal absorption data for risk assessment. (This abstract may not represent US EPA policy.)

810

PERCUTANEOUS ABSORPTION OF RETINOL IN
FUZZY RAT (IN VIVO AND IN VITRO) AND HUMAN
SKIN (IN VITRO) FROM COSMETIC VEHICLES

J. J. Yourick1, C. T. Jung2 and R. L. Bronaugh1. 1CFSAN/Office of Cosmetics and
Colors, USFDA, Laurel, MD and 2CDER/Office of Generic Drugs, USFDA,
Rockville, MD.
Retinol percutaneous absorption from cosmetic formulations was studied to predict
systemic absorption and to understand the significance of the skin reservoir. Viable
skin from fuzzy rat or human subjects was assembled in flow-through diffusion cells
for in vitro absorption studies. In vivo fuzzy rat skin absorption studies were performed using glass metabolism cages for collection of urine, feces, and body content. Retinol (0.3%) formulations (hydroalcoholic gel and oil-in-water emulsion)
containing H3- retinol were applied for 24 or 72 hr. All percentages reported represent % of applied dose. Human skin in vitro studies using the gel vehicle found 7%
in skin and 0.3% in receptor fluid at 24 hr. In human skin the receptor fluid values
did not increase over 72 hr. Using the gel vehicle, in vitro rat skin studies found
23% in skin and 6% in receptor fluid at 24 hr, while 72-hr studies found 18% in
skin and 13% in receptor fluid. Significant amounts remained in rat skin at 24 hr
and decreased over 72 hr, with proportional increases in receptor fluid. In vivo rat
studies found 4% systemic absorption of retinol after 24 hr and systemic absorption did not increase over 72 hr. Retinol remaining in skin after in vivo application
was 23% and 15% after 24 and 72 hr, respectively. Retinol systemic absorption determined from 24 hr in vivo rat studies was comparable to in vitro rat skin absorption results after 24 hr. Retinol formed a rat skin reservoir both in vivo and in vitro,
however, little additional retinol was bioavailable after 24 hr. Similar observations
were made with the emulsion vehicle. This research was supported by FDA, Office
of Women’s Health.
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TRITIATED WATER PERMEABILITY AS AN INDICATOR
OF BARRIER INTEGRITY OF IN VITRO HUMAN AND
PIG SKIN USED IN FRANZ CELLS

M. L. Jovanovic, J. M. McMahon and S. D. Crofoot. Dow Corning Corporation,
Midland, MI.
In vitro methods for measuring dermal absorption are supported by regulatory
agencies and customers. The static diffusion cells of Franz are widely used to quantitatively predict the penetration of test compounds through the skin. Human skin
is usually the preferred skin membrane to use in an absorption study, but pig skin is
also an accepted model for in vitro dermal testing due to the fact that the structure
and barrier characteristics are similar to human skin. When conducting skin absorption studies it is critical that the integrity of the skin preparations is retained.
The purpose of this study is to establish boundary conditions for evaluating the
barrier integrity of human skin (cadaver skin obtained and stored frozen) and pig
skin (fresh skin obtained on ice and used within 24 hours) when mounted in Franz
diffusion cells (PermaGear, Inc).
The water permeability of dermatomed human skin (200-500 µm thickness) was
evaluated using a 5-minute test followed by the determination of a water permeability coefficient (Kp) in each of the skin samples (N=5) tested in duplicates.
Linear regression analysis indicated a good correlation (R2 = 0.999) between results

of the two methods for measuring water permeation. The absorption of 240
µg/cm2 of human skin predicted a value for Kp of 3x10-3 cm/hr that was considered
to be the upper limit for intact skin barrier function. The barrier property of dermatomed skin from a female Yucatan miniature pig (200-500 µm thickness) obtained from Sinclair Research Center, Inc. was also rapidly evaluated by measuring
water permeation in a 5-minute test. The upper cut-off limit, calculated as 3xSEM
above the mean absorption, was determined to be 280 µg/cm2 of skin. These data
demonstrated the suitability of a 5-minute test to quickly evaluate the barrier integrity of human and miniature pig skin when used in Franz diffusion cells. The
data also confirmed that in vitro water permeability associated with the miniature
pig skin is comparable to human skin based on established water permeability acceptance criteria.
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A PHYSIOLOGICALLY BASED PHARMACOKINETIC
MODEL OF PARATHION DERMAL ABSORPTION

D. van der Merwe, J. D. Brooks, R. Gehring, R. E. Baynes, N. A. MonteiroRiviere and J. E. Riviere. Center for Chemical Toxicology Research and
Pharmacokinetics, North Carolina State University, Raleigh, NC.
The rate and extent of dermal absorption are important in the risk analysis from
dermal exposure to toxic chemicals. Dermal absorption in in vitro flow-through diffusion cells is relevant to the initial processes of dermal absorption. This study describes a physiologically based pharmacokinetic (PBPK) model of parathion absorption through porcine skin using flow-through cells. It includes an effective
tortuosity calculator for estimating the diffusional path length through the stratum
corneum barrier. Parameters related to the structure of the stratum corneum and
solvent evaporation rates were independently estimated. Solvent evaporation rate,
diffusivity and a mass transfer factor were optimized based on experimental dermal
absorption data. The model was validated across different dose ranges (22.5-106.9
µg/cm2, different solvent volumes (20-40 µl ethanol) and different temperatures
(25°C-37°C). The effects of corneocyte removal by tape stripping were simulated
and compared to experimental data. These studies demonstrated the explanatory
and predictive value of this type of model and its use for in silico hypotheses generation and testing. It is relevant to topical organophosphate pesticide risk assessments (Supported by NIOSH OH-07555).
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IN-VITRO HUMAN SKIN PENETRATION OF THE
FRAGRANCE MATERIAL GERANYL NITRILE

S. Bhatia1, J. Lalko1, A. Api1, K. Brain2 and D. Green2. 1Research Institute for
Fragrance Materials Inc., Woodcliff Lake, NJ and 2AN-EX, Cardiff, United Kingdom.
An in vitro human skin absorption study was conducted on Geranyl nitrile (GN), a
widely used fragrance ingredient. Skin permeation and distribution of GN was determined using epidermal membranes from cosmetic surgery donors. Skin membranes were mounted into Franz-type diffusion cells with the stratum corneum facing the donor chamber. The average area available for diffusion was 2 cm2. The test
material (GN) was applied under non-occlusive conditions, at the maximum in-use
concentration of 1% in 70/30 (v/v) ethanol/water to the skin surface at a target
dose of 5 µl/cm2. Permeation was measured over 24 h at 12 time points, using 6%
(w/v) Oleth-20 PBS as receptor. At 24 h, 1.89 ± 0.15 µg/cm2 of GN had permeated from the applied dose of (3.74 ± 0.30%) (mean ± standard error, SE, n=12).
Following rapid initial permeation, the rate began to plateau, due to depletion of
the donor phase through evaporation. The 24 hour surface wipe and donor chamber wash/wipe contained 6.23 + 0.16% and 1.84 + 0.22% of the applied dose, respectively. The stratum corneum tape strips and the epidermis (including any remaining in the stratum corneum after tape stripping) contained 1.33 + 0.16% and
0.416 + 0.050% of the applied dose, respectively. The potential evaporative loss of
GN was estimated by measuring the loss from PTFE (polytetrafluoroethylene)
sheets. The evaporative loss of GN from PTFE sheets, under the same experimental
conditions was 93% over 24 h. Overall recovery of GN at 24 h was low at 14.1 ±
0.4% due to evaporation. The total absorbed dose value of 4.72 + 0.32% was computed by combining the levels of GN in the epidermis, filter paper membrane support and receptor fluid. The results indicate that low levels of GN permeated due to
its rapid evaporation. Based on data in this study, the systemic exposure resulting
from the use of GN as a fragrance ingredient would be expected to be low.
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ABSORPTION FROM CONTAMINATED SOIL INTO
SKIN AND SILICONE RUBBER MEMBRANES

S. E. Deglin1, D. L. Macalady1 and A. L. Bunge2. 1Chemistry, Colorado School of
Mines, Golden, CO and 2Chemical Engineering, Colorado School of Mines, Golden,
CO. Sponsor: M. Dellarco.
This study concerns the influence of soil loading and soil concentration on the dermal absorption of organic contaminants. Permeation of 4-cyanophenol (CP) and
14C-methylparaben (MP) from a soil containing 1% organic carbon was measured

through human skin and silicone rubber membranes (SRM), a surrogate for skin.
Soil loadings of 0.2-8 mg soil/cm2 and 40 mg/cm2 were investigated for a soil concentration of 300 mg CP/g soil. Soil concentrations of 3x10-4, 3, 30, 300 mg
MP/g soil were also studied at a loading of 10 mg soil/cm2. Shortly after CP-contaminated soil was placed on the SRM (40 mg of soil/cm2), the flux reached a maximum value that was nearly the same as the steady-state flux from a CP saturated
aqueous solution. The flux from soil then decreased by a ~10-fold over the next 12
hours. During this time, CP permeation through the SRM was approximately the
amount that would be contained in a single layer of close packed soil particles, suggesting that the soil layer in direct contact with the SRM depleted during the experiment. Permeation of CP through SRM increased with soil loading until ~8
mg/cm2. Above this loading, permeation did not change. For permeation through
skin, a correlation with soil loading was not evident, in part because the variability
in the chemical flux through skin was much larger than through SRM. Dermal absorption from the CP-contaminated soil was approximately 1/10th of the absorption through SRM. Because of this, contaminant concentration changes on the soil
were much smaller and consequently, the flux did not decrease with time as was observed in SRM experiments. A concentration of 300 mg of MP or CP/g soil exceeds
the soil solubility limit, meaning that excess neat chemical is present. In this case,
experiments performed with CP showed that the skin penetration is very similar to
penetration from a neat powder of the chemical. However, when MP concentration
was below the soil saturation limit, permeation through skin and SRM was proportional to the concentration.
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IN VITRO DERMAL ABSORPTION RATE TESTING OF
METHYL FORMATE

T. R. Barfknecht1 and W. J. Fasano2. 1EHSA, Celanese. LTD., Dallas, TX and
2
Haskell Laboratory, E. I. Du Pont de Nrmours and Company, Newark, DE.
In vitro dermal absorption rate testing of methyl formate (CAS No. 107-31-3) was
conducted under a U.S.E.P.A. TSCA Test Rule for worker safety and risk assessment purposes. The permeability coefficient (Kp) and short-term absorption rates
at 10 and 60 minutes post-treatment were determined using human abdominal
skin from three cadavers. Skin samples were mounted in an in vitro static diffusion
cell model and maintained at 32C using a recirculating water bath. Skin membrane
integrity was evaluated before and after treatment by electrical impedance. Kp was
determined by application of an infinite dose of radiolabeled methyl formate in
water to the epidermal surface of six samples from each human subject in the donor
chamber. The donor chamber was filled completely full with receptor fluid (0.9%
saline) and the opening occluded with Parafilm to reduce the volatilization the
methyl formate from the skin surface. A volatile organic trap was also included.
Serial receptor fluid samples were taken beginning at 1 minute post-dosing up to 24
hours post-dosing. Samples were analyzed for radioactivity by liquid scintillation
counting. Short-term absorption rates were estimated after 10 and 60 minutes of
treatment of four skin samples per subject with a finite dose of methyl formate (10
uL/cmsq) in a similar manner. Mass/balance determinations were made at the completion of the experiments. The Kp for methyl formate was determined to be 0.024
cmsq/hr. Short-term absorption rates were calculated to be 1.8 ug equiv./cmsq/hr
after 10 minutes and 0.59 ug equiv/cmsq/hr after 60 minutes. These values represent conservative estimates for methyl formate dermal penetration. Due to methyl
formate’s low boiling point of 32C, little or no dermal penetration is expected
under normal workplace exposure conditions.

816

IMPACT OF ALCOHOL CONSUPTION ON THE SKIN
AS DETERMINED BY NON-INVASIVE
BIOENGINEERING TOOLS

R. Brand, J. L. Jendrzejewski and A. R. Charron. Department of Medicine,
Evanston Northwestern Healthcare Research Institute, Evanston, IL.
Background: Topically applied ethanol is a known dermal penetration enhancer.
Studies in our laboratory have demonstrated that both chronic and acute ethanol
consumption disrupts skin barrier function, leading to increased penetration of
topically applied chemicals. The purpose of this project was to examine the mechanisms by which a single episode of drinking alcohol changes the dermal barrier
using non-invasive bioengineering tools. Methods: Male Wistar rats were gavaged
with 10, 6, 4.3, 3 or 1.5 g/kg ethanol or the equivalent amount of saline and were
allowed to recover for either 2 hours or 24 hours (10 and 6g/kg only). Laser
Doppler Velocimetry (LDV), Transepidermal Water Loss (TEWL) and skin moisture were non-invasively measured before and after gavage. The data were normalized for environmental changes by calculating an enhancement ratio (ER). The
ratio of ethanol value to control animal was determined for both pre and post treatment and the enhancement ratio was defined as pre-treatment/post-treatment.
Results: LDV measurements demonstrate that ethanol consumption increases dermal blood flow at the three highest doses (4.3, 6 and 10 g/kg) 2 hours after consumption, when blood ethanol levels are still high (p<0.05). This response is not
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dose dependent (ER=1.3 for each dose). The enhancement duration was examined
for the two highest doses. By 24 hours post gavage, blood flow had returned to
normal for 6g/kg (ER=1.05), but the 10g/kg rats remained elevated (ER=1.3).
There were no significant changes in TEWL, stratum corneum or dermal moisture
after at either time point. Conclusions: Acute alcohol ingestion increases dermal
blood flow with a dose dependent recovery time, but does not alter skin lipids sufficiently to increase TEWL. Vasodilation may be one method by which a single
episode of alcohol consumption enhances transdermal penetration, since drinking
ethanol under these conditions increases absorption of topically applied chemicals.

817

WOUND HEALING FOLLOWING ELECTROPORATION
THERAPY IN A PORCINE MODEL

J. B. Ulreich1, Z. A. Filip1, D. P. Speer1, M. J. Demeure1, A. V. Valles1, J. B.
Ledesma1, N. B. Dev2, P. M. Goldfarb2 and D. P. Rabussay2. 1Surgery, University.
Arizona, Tucson, AZ and 2Inovio Biomedical Corp., San Diego, CA.
An obstacle facing anti-cancer therapy is efficient drug delivery. Methods using carriers, liposomes, ultrasound and viruses have generated modest results, with unresolved problems. Conventional therapies (radiation, chemotherapy) have undesirable side effects. Electroporation Therapy (EPT) is a promising new modality of
drug delivery that exploits the process of inducing transient permeability in cell
membranes in vivo. EPT involves injecting a low dose of drug into tissue and inserting a needle array that delivers short electrical pulses to induce cellular uptake.
Clinically, EPT is effective in treatment of subcutaneous solid tumors of the head
and neck, as well as other types of solid tumor when applied with the cytotoxin
bleomycin. The utility of EPT has not yet been demonstrated as an adjunct to surgical resection in treatment of wound margins, with the aim of reducing tumor recurrence. To determine the compatibility of bleomycin-EPT with healing of surgical wounds, we studied wound healing in healthy pigs. Longitudinal incisions were
made along the dorsum to a depth of 5 mm into the muscle. Margins of incisions
were injected with bleomycin, vehicle (saline), or nothing and some groups received
electroporation (EP). One group had transverse incisions that were treated with
bleomycin-EPT. Wounds healed for 2, 7, 14, or 21d before skin and muscle from
the incision sites were excised for histology. Separate full-thickness skin specimens
from across incision sites were excised and tested for breaking strength. EP alone
had no significant effect on the mechanical strength of healing porcine skin at any
time point. Bleomycin, regardless of use of EP, inhibited early (<7 days) development of wound strength. This was likely due to interference in chemotaxis and/or
proliferation of cells involved in wound healing. However, after 14d, breaking
strength was comparable to saline injected controls. Wound strength after treatment with bleomycin-EPT was higher for longitudinal incisions than for transverse
incisions.

818

COMPARATIVE SENSITIVITY OF TWO IN VIVO
METHODS FOR ASSAYING PHOTOTOXIC AGENTS

D. B. Learn1, C. P. Sambuco1, M. Arocena1, T. Coston1, H. Beasley1, P. D.
Forbes1 and A. M. Hoberman2. 1Center for Photobiology, Charles River Laboratories
Preclinical Services, Horsham, PA and 2Charles River Laboratories, Horsham, PA.
The induction of a phototoxic response requires the correct combination of phototoxin and appropriate light dose and spectral distribution. Most clinically-recognized phototoxicity is elicited by ultraviolet A (UVA) radiation or visible light, although absorbance of the phototoxin may also include the UVB region. When
assessing the photosafety of test articles, an environmentally-relevant source used is
a UVR solar simulator, emitting both UVB and UVA (SSR). However, the biological effectiveness of the UVB from this source precludes its use to maximize delivery
of UVA, where phototoxins may absorb best. To address the possibility of overlooking phototoxins because of this reduced UVA exposure, a comparison of SSR and
an exclusively UVA source was used with the known phototoxins lomefloxacin
(LOM) and 8-methoxypsoralen (8-MOP). Hairless albino female mice were administered either 8-MOP topically or LOM orally (by gavage) and exposed to approximately 0.5 minimal erythema doses of SSR or UVA. Clinical observations and
skin observations of erythema, edema, flaking and thickening were assessed daily
for four days. With UVA, the threshold 8-MOP dose was 0.001% w/v; and
0.005% w/v for the SSR. The clinical responses differed (primarily erythema vs.
edema and intensity of the response) between the two sources. For LOM, the
threshold response dose was identical for the two sources, but the type and severity
of the cutaneous responses were markedly different, with the UVA source inducing
a greater response at the same dose than with SSR. Thus, detection limits were
identical or varied only slightly for these phototoxins of different molecular mechanisms for each UVR source but the type and extent of the response was different for
each source. These data suggest that the solar simulator is appropriate for detecting
threshold doses of phototoxins but the characteristics of the phototoxin may influence the type and extent of the response.
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QUANTITATIVE AND TEMPORAL DIFFERENCES IN
UVR DOSE-DEPENDENT SKIN RESPONSES IN
RODENTS (MICE, RATS AND GUINEA PIGS)

C. P. Sambuco1, P. D. Forbes1, D. B. Learn1, M. Arocena1, T. Coston1, H.
Beasley1 and A. M. Hoberman2. 1Center for Photobiology, Charles River Laboratories
Preclinical Services, Horsham, PA and 2Charles River Laboratories Preclinical Services,
Horsham, PA.
The response characteristics for a test system to ultraviolet radiation (UVR) when
evaluating the potential phototoxicity of a test material must be understood to
properly design in vivo cutaneous phototoxicity assays. The purpose of this study
was to evaluate the response of the skin of rodents with different genetic origins to
UVR. The UVR dose required to produce a threshold skin response (observational
minimal erythema dose, MED) was determined in albino and pigmented hairless
mice, albino and pigmented haired rats, albino hairless rats, and albino hairless
guinea pigs. Each animal (10 mice or rats per sex and 5 guinea pigs per sex) was exposed to a series of UVR doses that bracketed the known cutaneous response for
each strain. All animals were anesthetized, masked to define the irradiation sites and
a. single UVR exposure was delivered to each irradiation site. The irradiation source
was a Solar Light Compact Arc high intensity solar simulator with a 1 mm WG 320
Schott glass filter coupled to an Oriel light pipe (emission restricted to UVB and
UVA). All exposed spots were examined immediately and at 1, 4, 24, 48, and 72
hours post exposure. For each animal, the lowest UVR dose to produce a visible response was calculated and means and standard deviations were calculated for each
animal at each observation period. Among the different stocks and strains, skin responses differed quantitatively and temporally. UVR doses required to produce an
observational MED were highest in the hairless albino rats (approximately 10-fold
greater than for hairless mice) and lowest in the pigmented and albino hairless
mice. The time course and gross appearance of the responses also varied among the
rodents. These results illustrate the varying sensitivities of rodent species and strains
to UVR and the need to tailor study designs to the test system used to ensure relevant experimental results and proper conclusions.

820

ETIOLOGY OF 8-METHOXYPSORALEN
PHOTOTOXICITY IN MOUSE SKIN IS DEPENDENT ON
VEHICLE, EXPOSURE TIME AND ADMINISTRATION
SITE

G. L. DeGeorge. MB Research Laboratories, Spinnerstown, PA.
We have characterized the effects of dermal exposure of 8-Methoxypsoralen (8MOP) plus Solar Simulator derived UVA light-induced edema and erythema over
time courses up to 72 hours. In different mice strains, we also compared the effects
of different vehicles on the photoirritation effects. We observed delayed time-dependent photoirritation in mouse ears, as well as dose- and time-dependent phototoxic effects of 8-MOP on depilated dorsal mouse skin in Balb/c, Swiss Webster
and SKH-1 mice. Swiss Webster mice were most variable and least sensitive and
predictive. SKH-1 hairless mice were more sensitive than depilated Balb/c mice,
but these two strains were reliably predictive of 8-MOP-induced phototoxicity.
Dimethylsulfoxide (DMSO) proved to be a superior vehicle in all respects when
compared to acetone, which severely attenuated the phototoxic responses. Use of
DMSO as the vehicle consistently elicited sensitive and reproducible photoirritation (down to 0.01% 8-MOP), and is therefore the preferred vehicle for phototoxicity studies in mice.

821

MORPHOLOGICAL CORRELATES OF PLATELET
ACTIVATING FACTOR -INDUCED DEGRANULATION
OF ISOLATED MAST CELLS

C. M. wessely2, J. P. petrali2, A. A. Brimfield1 and H. A. tracey2. 1Pharmacology
Branch, USAMRICD, APG/EA, MD and 2Comparitive Medicine Division,
USAMRICD, APG/EA, MD.
Platelet activating factor (PAF), a potent inflammatory mediator released during
acute and chronic inflammatory responses, increases capillary permeability, activates platelet aggregation, induces smooth muscle contraction and encourages
leukocyte migration. Mast cells, the primary cells in the inflammatory sequence,
synthesize and store a variety of biologically active inflammatory mediators to include cytokines, histamine, and PAF. Upon activation mast cells orchestrate an inflammatory cascade that has important pathophysiological consequences in defense
mechanisms. It is known that IgE activation of mast cells is the typical trigger of the
cascade. However it is not sufficiently known whether PAF also induces mast cell
activation. This morphological study addresses effects of PAF on cultured mast cells
with reference to mast cell degranulation and associated morphological markers as
an indicator of activation in-vitro. Mast cells (ATCC, Manassas, VA) cultured to a

cell density of 5x108 were media-infused with methylcarbamyl PAF C-16 (
Cayman Chemical Co., Ann Arbor, MI ) at selected concentrations within the
range of 185 µM to 10 nM. Exposed cells and unexposed control cells were harvested at post exposure times up to 30 min and were processed by standardized procedures for transmission electron microscopy (TEM, JEOL 1230) and scanning
electron microscopy (SEM, JEOL 7401F) analyses. Results indicated that mast
cells exposed in vitro to high concentrations of PAF presented morphological correlates suggestive of cellular degranulation and activation.

822

EXTRACTION PROCEDURE OF TATTOO PIGMENTS
FROM SKIN

E. Engel2, W. Baumler1, T. Maisch1, H. Ulrich1, B. Konig2, M. Landthaler1,
N. V. Gopee3, P. C. Howard3 and R. Vasold2. 1Dermatology, University of
Regensburg, Regensburg, Germany, 2Organic Chemistry, University of Regensburg,
Regensburg, Germany and 3Biochemical Toxicology, NCTR, Jefferson, AR.
Tattooing is quite popular in the US and Europe with more than 10% of the population having at least one decorative tattoo. This popularity has also led to increased demand for tattoo removal. High intensity laser light has evolved as the preferred method for tattoo removal. Our recent investigations have detected
laser-facilitated decomposition products of tattoo pigments that are potentially
toxic or carcinogenic. The concentration of tattoo pigments and their decomposition products in skin following laser treatment needs to be determined in order to
quantify the human health risk from tattoo pigment photodecomposition. We
present a method to determine the concentration of two widely-used tattoo pigments (pigment red 22 and pigment red 9) and their decomposition products 4-nitrotoluene (4NT), 2-methyl-5-nitroaniline (MNA), naphthol AS (NAS), 1,4dichlorobenzene (DCB), 2,5-dichloroaniline (DCA) and methoxy-naphthol AS
(MNAS) in skin. The extraction methodology was established initially by adding
the target analytes to water or phosphate buffered saline, followed by extraction
with dichloromethane/methanol. Diethylene glycol dimethyl ether was added to
the extract and dichloromethane/methanol removed with heat and dry-nitrogen.
The internal standard (9,10-diphenyl-anthracene) was added, the samples diluted
with chloroform and analysed by HPLC. The recovery rates following addition of
the compounds to water were: pigment red 22 (96.3±2.4%), 4NT (98.6±6.8%),
MNA (99.5±2.4%), NAS (99.2±0.6%), pigment red 9 (92.1±1.4%), DCB
(74.5±7.7%), DCA (101.2±3.6%) and MNAS (92.9±1.7%). The recovery rates
when phosphate buffered saline was used were quite similar. Pigment red 22 and
pigment red 9 were added to excised skin of mice, and the recovery was >70%.
Despite the complex chemistry of skin, a quantitative extraction of pigments and its
decomposition products from skin is possible. This methodology will become the
basis for future risk assessment studies.

823

TRACE ANALYSIS OF NANO-C60 IN BIOLOGICAL
MEDIA BY LIQUID-LIQUID EXTRACTION AND HIGHPERFORMANCE LIQUID CHROMATOGRAPHY

X. R. Xia1, N. A. Monteiro-Riviere1, C. M. Sayes2, V. L. Colvin2 and J. E.
Riviere1. 1Center for Chemical Toxicology Research and Pharmacokinetics, North
Carolina State University, Raleigh, NC and 2Department of Chemistry & Center for
Biological and Environmental Nanotechnology, Rice University, Houston, TX.
Assessment of manufactured nanomaterial interactions with biological systems, including absorption after non-parenteral exposure and distribution after parenteral
injection, is important in risk assessment. Fullerene C60 is the simplest nanomaterial and has potential medical applications. Pure fullerene is nonsoluble in water,
while fullerene aggregates (nano-C60) can be prepared in aqueous solutions.
Fullerenes would aggregate in biological media if humans were exposed in occupational and environmental settings. Concentrations of nano-C60 in media would be
low, requiring trace analysis for toxicological and medical evaluation. Three potential problems hindering the analysis of nano-C60 in media are: emulsions from proteins, lipids and surfactants in media; difficulty in extracting the nano-C60 into the
solvent phase; and adsorption to glassware resulting in loss of particles. We have developed a trace analysis method that overcomes these limitations. Glacial acetic acid
was used to solubilize the proteins, lipids and surfactants in the samples, eliminating emulsions during the liquid-liquid extraction processes. Magnesium perchlorate, Mg(ClO4)2 destabilized the nano-C60 in the water solution to promote the solvent extraction. Adsorption loss was reduced by using silanized glassware. Under
optimized experimental conditions, the assay technique had a detection limit of
0.34 ng/ml and a standard deviation of 1.8% (9 replicates) at nano-C60 concentration of 15 ng/ml. This new assay is being used to quantitate the dermal absorption
of topically applied nanoparticles under a variety of experimental conditions.
(Supported by EPA Star Program #RD- 83171501).

824

MULTI-WALLED CARBON NANOTUBE EXPOSURE IN
HUMAN KERATINOCYTES ALTERS PROTEIN
EXPRESSION

F. Witzmann1, D. Hong1, A. O. Inman2, J. E. Riviere2, R. J. Neimanich3, Y.
Wang3 and N. A. Monteiro-Riviere2. 1Cellular & Integrative Physiology, Indiana
University School of Medicine, Indianapolis, IN, 2Center for Chemical Toxicology
Research and Pharmacokinetics, North Carolina State University, Raleigh, NC and
3
Department of Physics, North Carolina State University, Raleigh, NC.
Carbon nanotubes have widespread applications, though little is known about
their toxicity. Recent studies in skin and lung reveal that carbon nanoparticles can
cause toxicity. To generate a protein profile of nanoparticle dermal toxicity, we analyzed human epidermal keratinocytes (HEK) exposed to MWCNT, 0.4 mg/ml, in
cell culture for 24 and 48 hr using large-format, two-dimensional gel electrophoresis and mass spectrometry. We used an exposure protocol that has demonstrated
that MWCNT, neither derivatized nor optimized for biological application, are capable of both localizing within and initiating an irritation response in HEK, a target epithelial cell that composes a primary route of occupational exposure for manufactured nanotubes. Compared to controls, 24 hr MWCNT exposure altered the
expression of 36 proteins (P<.01) while 106 were altered 48 hr. At both time
points, roughly 67% of the effected proteins were significantly downregulated.
Peptide mass fingerprinting identified most of the differentially expressed proteins
and the various protein identities reflected a complex cellular response to
MWCNT exposure. In addition to proteins associated with metabolism, cell signaling, and stress, we observed a consistent effect on the expression of cytoskeletal
elements, including tubulin and tubulin-associated proteins, keratins, actins, and
the actin-associated proteins profilin I, cofilin I, Actin-interacting protein 1 (Aip1),
actin-related protein (ARP) 2/3 complex subunit 4; tropomyosin 3, and T-complex
protein 1. These data clearly show that MWCNT are capable of altering protein
expression in a target epithelial cell that composes a primary route of occupational
exposure for manufactured nanotubes. Supported by AFOSR Grants F49620-0021-0089 & FA9550-05-1-0216 to FAW and USEPA-STAR Program #RD83171501 to NAMR.

825

NANOC60 AND DERIVATIZED C60 TOXICITY IN
HUMAN EPIDERMAL KERATINOCYTES

A. O. Inman1, C. M. Sayes2, V. L. Colvin2 and N. A. Monteiro-Riviere1. 1Center
for Chemical Toxicology Research and Pharmacokinetics, North Carolina State
University, Raleigh, NC and 2Department of Chemistry & Center for Biological and
Environmental Nanotechnology, Rice University, Houston, TX.
Carbon fullerenes (C60) possess unique properties that have applications in many
disciplines. As industrial production continues to increase, little is known about the
toxicity of these particles on living cells. C60 was suspended in water to yield aggregated C60 (nano-C60) at 5 mg/l. In addition, derivatized C60 (C60(OH)24) was dissolved in water at 10 mg/l. Human epidermal keratinocytes (HEK) were exposed to
nano-C60 (0.0000025 - 0.0005 mg/ml) and C60(OH)24 (0.000005 - 0.001
mg/ml)(n=8/treatment) for 24 and 48 h. MTT showed nano-C60 ranging from
0.00025 to 0.0005 mg/ml decreased HEK viability significantly (p<0.05) by 24 h.
Interleukin IL-8 and IL-6 were significantly (p<0.05) greater than controls, while
IL-10, IL-1β, and TNF-α were nondetectable. C60(OH)24 showed no toxicity to
HEK at all concentrations. At the high nano-C60 (0.003 mg/ml), MTT viability
was reduced by 48 h and IL-8 increased from 4 hr to 48 hr. Additional studies with
0.5% F127 Pluronic® surfactant found that nano-C60 (0.0005 mg/ml) caused a
significant (p<0.05) decrease in viability and a significant increase in IL-8 production by 48 h. In contrast, the derivatized C60(OH)24 treated with the surfactant
showed no differences in HEK viability or cytokine production. Finally, the addition of 1% DMSO to nano-C60 (0.0005 mg/ml and 0.003 mg/ml) significantly decreased MTT viability, and the 0.003 mg/ml significantly increased the release of
IL-8 by 48 h. These results show that while derivatized C60(OH)24 are nontoxic in
the tested range, nano-C60 are toxic at concentrations as low as 0.00025 mg/ml in
HEK. (Supported by USEPA-STAR Program #RD-83171501 and National
Academies Keck Futures Initiative.)

826

FULLERENE-BASED AMINO ACID (BAA)
INTERACTIONS IN HUMAN EPIDERMAL
KERATINOCYTES

J. G. Rouse1, A. R. Barron2, J. Yang2 and N. A. Monteiro-Riviere1. 1Center for
Chemical Toxicology Research and Pharmacokinetics, North Carolina State University,
Raleigh, NC and 2Department of Chemistry and Center for Nanoscale Science and
Technology, Rice University, Houston, TX.
The functionalization of C60 with such complexes as amino acids has the potential
to provide greater interaction between the fullerene and the biological environment
yielding potential new medical and pharmacological applications. Although scientific research in the past decade has revealed much about the chemical and physical
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properties of C60, the biological activities of this compound and its derivatives are
still relatively unclear. In an attempt to understand the biological activity of functionalized C60, human epidermal keratinocytes (HEK) were exposed to fullerenebased amino acid (BAA) ranging in concentrations of 0.4 - 0.00004mg/ml in a humidified 5% CO2 atmosphere at 37°C. Media was harvested at 1, 4, 8, 12, 24 and
48h and stored at -80°C. MTT cell viability after 48h significantly decreased
(p<0.05) for concentrations of 0.4 and 0.04mg/ml. Proinflammatory cytokines IL6, IL-8, TNF-α, IL-1β, and IL-10 were assessed for concentrations ranging from
0.4 – 0.004mg/ml. IL-8 concentrations for the 0.04mg/ml treatment were significantly greater (p<0.05) than all other concentrations at 8, 12, 24, and 48h. IL-6
and IL-1β activities were greater at the 24h and 48h for 0.4 and 0.04mg/ml. No
significant TNF- α or IL-10 activity existed at any time points for any of the concentrations. These results indicate that concentrations lower than 0.04mg/ml initiate less cytokine activity and maintain cell viability at control levels. BAA concentrations of 0.4 and 0.04mg/ml in HEK decreases cell viability and can initiate a
proinflammatory response. (Supported by US EPA-STAR Program #RD831715101 and the National Academies Keck Futures Initiative)

827

SKIN PENETRATION OF FULLERENE SUBSTITUTED
AMINO ACIDS AND THEIR INTERACTIONS WITH
HUMAN EPIDERMAL KERATINOCYTES

N. A. Monteiro-Riviere1, J. Yang2, A. O. Inman1, J. Ryman-Rasmussen1, A. R.
Barron2 and J. E. Riviere1. 1Center for Chemical Toxicology Research and
Pharmacokinetics, North Carolina State University, Raleigh, NC and 2Department of
Chemistry and Center for Nanoscale Science and Technology, Rice University,
Houston, TX.
There are conflicting reports as to the potential toxicity of pristine and functionalized fullerenes. The incorporation of a fullerene with an amino acid analog has been
used in drug delivery studies. Substituted fullerenes were prepared using the DielsAlder reaction. Human epidermal keratinocytes (HEK) were exposed to concentrations ranging from 0.4-0.001mg/ml (n=8/treatment) of a fullerene C60 peptide
with a fluorescently tagged nuclear localization signal (NLS-FITC) for 24h and
48h. HEK were assayed for MTT viability and for proinflammatory mediators interleukin IL-8, IL-6, IL-1β, IL-10 and TNF-α. In addition, 4.4µg and 1.1 µg/cm2
of C60-NLS-FITC with and without 1% Pluronic® surfactant or NLS-FITC alone
was topically applied to porcine flow through diffusion cells for 24h. MTT viability decreased and was statistically significant (p<0.05) at 0.4mg/ml at both 24h and
48h. IL-8 and IL-6 statistically increased at 0.2mg/ml and 0.4mg/ml. IL-1β
(0.4mg/ml) was low but was significantly different from controls, while IL-10 and
TNF-α were below detectable limits. Confocal microscopy of the flow through
skin at both concentrations for C60-NLS-FITC and NLS-FITC depicted penetration through all epidermal layers. Surfactant greatly enhanced the permeability for
all treatments. These results show that substituted fullerenes can penetrate through
intact skin and can elicit an inflammatory response. (Supported by US EPA-STAR
Program #RD-831715101 and the National Academies Keck Futures Initiative)

828

SKIN PENETRATION, CELLULAR UPTAKE,
CYTOTOXICITY, AND INFLAMMATORY POTENTIAL
OF QUANTUM DOTS

J. P. Ryman-Rasmussen, J. E. Riviere and N. A. Monteiro-Riviere. Center for
Chemical Toxicology Research and Pharmacokinetics, North Carolina State University,
Raleigh, NC.
The electronic properties, intense fluorescence, and flexible surface chemistry of
quantum dots (QD) indicate high potential for use in consumer products and in
nanomedicine as drug delivery and diagnostic agents. Skin is a potential route of
exposure to QD, but the ability of these nanomaterials to penetrate intact skin and
cause adverse effects is unknown. This study was designed to test the hypothesis
that water-soluble QD can penetrate intact skin and exert cytotoxic and inflammatory effects that are dependent upon size and surface coating. QD of two different
sizes (6 nm and 10 nm) with polyethylene glycol, carboxylic acid, or amine surface
coatings were topically applied to porcine skin in flow-through diffusion cells at a
concentration of 62.5 pmoles/cm2. Confocal microscopy of frozen sections revealed
localization within the epidermis and dermis by 24 h for all QD preparations.
Additional studies utilized primary human epidermal keratinocytes (HEK) to investigate the cellular uptake, cytotoxicity, and inflammatory potential of these
nanomaterials. Live cell confocal imaging showed that all types of QD were localized within the cell by 24 h. MTT viability and multiplex ELISA for the inflammatory cytokines IL-1β, IL-6, IL-8, IL-10, and TNFα revealed that carboxylic acidcoated QD at a concentration of 20 nM exhibited significant cytotoxicity and
increased release of IL-8 by 24 h. This study showed that commercially available
QD with diverse surface chemistries can penetrate the skin and be incorporated
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within HEK by 24 h, and that QD surface coatings can influence cytotoxic and inflammatory effects. These results are important for risk assessment because they indicate that the skin is an important route of exposure to nanoscale materials of variable size and surface charge, which may result in localized and systemic toxicity.
(Supported by USEPA-STAR Program #RD-83171501).

829

POLYMER STANDARDS FOR QUANTITATION OF
QUANTUM DOTS IN TISSUE

D. W. Roberts1, N. V. Gopee1, A. R. Warbritton2, W. W. Yu4, V. L. Colvin4, N.
J. Walker3 and P. C. Howard1. 1Biochemical Toxicology, NCTR, Jefferson, AR,
2
Toxicological Pathology Associates, Jefferson, AR, 3National Toxicology Program,
NIEHS, Research Triangle Park, NC and 4Rice University, Houston, TX.
The in vivo disposition of nanoscale materials is of interest due to their use in many
products. As part of a project to determine the dermal penetration and distribution
of nanoscale material, we are using fluorescent CdSe Quantum Dots (QD) as surrogates for similar sized nanoscale materials. We report the preparation of standards
of QD homogeneously distributed in a stable glycol methacrylate-based hydrophilic polymer that, under standard conditions, can be used to determine QD
fluorescence in tissue. Polymer QD-standards were sectioned at 4 microns or used
to fill chambered slides of known thickness. Relative fluorescence was determined
from photomicrographs taken with a Leica DM RA2 photomicroscope with UV illumination and SPOT high resolution digital imaging system. Filter sets for imaging QD fluorescence were 415WB/100 excitation, 475DCLP dichroic, and
655WB20 or 621WB30 emission. To diminish problems associated with the wide
dynamic range of QD fluorescence and pixel saturation at localized concentrations
of QD, tissue and standards were photographed at exposure times from 500 ms to
15 s and exposures were adjusted for CCD dark current, pixel transfer sequence,
and thermal noise as functions of temperature and exposure time. Considering only
exposure/concentration combinations that did not result in pixel saturation, the average percent CV of the mean pixel intensities of 180 random 100 x 100 pixel
squares on images of QD standards ranging in concentration from 8 to 127 µM (of
particles) at a QD-polymer thickness of 20 microns was 3.71. For these concentrations, the mean pixel intensities (each n=12) ranged from 36.5 to 3430. The increase in pixel value as a function of exposure time for QD-polymer standards was
linear until pixels approached saturation (functions of concentration and exposure
time). This methodology is well-suited to describe the wide dynamic range of QD
fluorescence encountered in tissue.

830

INTERACTION OF NANOMATERIALS WITH MOUSE
KERATINOCYTES

C. Amato3, S. Hussain1, K. Hess2 and J. Schlager1. 1Air Force Research
Laboratory, Mantech Environment, Wright-Patterson AFB, OH, 2Geo-Center Inc.,
Wright-Patterson AFB, OH and 3Oak Ridge Institute for Science and Education, Oak
Ridge, OH.
Nanotechnology involves the creation and manipulation of materials at the
nanoscale level to create unique products that exploit novel properties. However,
the health effects resulting from nanoparticle exposure and impact of nanotechnology is not thoroughly known. This present study attempts to characterize interaction of silver nanoparticles and its mechanism of toxicity in mouse keratinocytes
(HEL-30). The uptake of hydrocarbon coated silver nanoparticles (Ag-15nm, Ag25nm, and Ag-55nm), and uncoated Ag80 and 130mm were studied by
CytoViva150 Ultra Resolution Imaging (URI) system with advanced optical illumination system. The effect on viability and the dose range of toxicity was obtained
by assessing mitochondrial function (MTT assay) at various concentrations.
Further, the mechanism of toxicity at sub-lethal doses was evaluated using various
apoptotic assays (caspase activity, mitochondrial membrane potential, and cell
membrane permeability). Observations with the CytoViva150 URI show nanoparticle aggregates on the surface of the cells and some of the nanoparticles were taken
up by HEL-30 cells. The EC50 values based on MTT assay were 50µ g/ml for Ag15nm, 40<f ”Symbol”>m g/ml for Ag-25nm; Ag-55nm 25µg/ml and 65µg/ml; Ag80nm and Ag-130nm > 100µ g/ml. Preliminary data shows that HEL-30 cells undergo apoptosis when exposed to silver nanoparticles at sub-lethal doses. Measuring
caspase activity at 25µg/ml, early stages of apoptosis were observed by confocal fluorescent microscopy in Ag-25nm, and advanced stages of apoptosis were observed
in Ag-80nm. Mitochondrial membrane potential decreased in cells exposed to silver nanoparticles at 25µg/ml. In summary results show that silver particles are
taken up by the cells in aggregated form and induce toxicity based on nature of the
particles. Hydrocarbon coated particles were more toxic than the uncoated form of
silver. Further experiments are underway to distinguish necrosis and apoptosis in
nanoparticle exposed HEL-30 cells.
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PARAQUAT ALTERS EXPRESSION OF ARACHIDONIC
ACID METABOLIZING ENZYMES AND HEME
OXYGENASE-1 (HO-1) IN PRIMARY CULTURES OF
MOUSE KERATINOCYTES
A. T. Black1, M. P. Shakarjian3, J. P. Gray2, V. Mishin2, M. Thiruchelvam4, D.
A. Cory-Slechta4, D. E. Heck1, 2 and J. D. Laskin1, 4. 1Toxicology, Rutgers
University, Piscataway, NJ, 2Pharmacology-Toxicology, Rutgers University,
Piscataway, NJ, 3Medicine, UMDNJ-RWJMS, Piscataway, NJ and 4Environment &
Occupation MED., UMDNJ-RWJMS, Piscataway, NJ.
The herbicide paraquat (1,1’-dimethyl-4,4’-bipyridinium) is known to cause pulmonary fibrosis and dopaminergic neuronal cytotoxicity and has been implicated
in dermatotoxic responses due to occupational exposure. Toxicity is thought to result from oxidative stress generated by redox cycling reactions. Oxidative stress is
known to regulate production of inflammatory mediators derived from arachidonic
acid including prostaglandins and leukotrienes. In the present studies we used primary cultures of growing and calcium-differentiated keratinocytes to determine if
paraquat alters expression of enzymes regulating expression of these lipid mediators.
We found that paraquat (100 µM) markedly increased expression of HO-1, a
marker of oxidative stress, in growing and differentiated cells, as measured by realtime PCR and western blotting, respectively, indicating that the cells were generating reactive oxygen species. Cyclooxygenase-2 (COX-2), the rate-controlling enzyme in prostaglandin formation, was found to be strongly upregulated (at least
12-fold) by exposure to paraquat in both cell types. In contrast, paraquat decreased
mRNA expression of phospholipase A2 (PLA2), microsomal prostaglandin E synthase (mPGES) and 5-lipoxygenase (5-LOX) in differentiated keratinocytes while
increasing 5-LOX and decreasing PLA2 and mPGES in undifferentiated cells.
Taken together, these data demonstrate that paraquat is an effective inducer of
COX-2 in primary keratinocyte cultures. However, it does not coordinately regulate each enzyme controlling arachidonic acid metabolism. Alterations in
prostaglandin production in the skin induced by paraquat may be important in regulating toxicity of this important herbicide. Supported by NIH grants ES05022,
ES10791, CA093798, CA100994 and NJ State Commission on Cancer Research
Fellowship 05-2413-CCR-E0.
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2,3,7,8-TETRACHLORODIBENZO-P-DIOXIN INDUCED
MATRIX METALLOPROTEINASE EXPRESSION IN A2058
MELANOMA CELLS
K. A. Murphy and L. A. White. Joint Graduate Program of the Molecular
Biosciences, Joint Graduate Program in Biochemistry, Department of Biochemistry and
Microbiology, Rutgers University, New Brunswick, NJ.
There has been a 34% increase in melanoma-related mortality in the United States
from 1973 to 1992. Although few successful treatments for malignant melanoma
exist, it is known that genetic susceptibility and environmental factors contribute to
the initiation and progression of melanoma. Excessive UV exposure is considered
the main etiological factor in melanoma initiation, however, epidemiological and
experimental evidence suggests that exposure to environmental carcinogens contribute to melanoma. We propose that exposure to environmental chemicals that
activate the aryl hydrocarbon receptor pathway contribute to melanoma progression, specifically through stimulation of the expression and activity of the matrix
metalloproteinases (MMPs). Matrix metalloproteinases are a family of zinc- and
calcium-dependent proteinases classified by extracellular matrix substrate specificity
and are essential for tissue remodeling events such as wound healing, embryogenesis, and cancer progression. We examined the effect of 2,3,7,8-tetrachlorodibenzop-dioxin (TCDD) on the expression of matrix metalloproteinase-1 (MMP-1, interstitial collagenase), a proteolytic enzyme that degrades type I collagen, in A2058
melanoma cells. Our data demonstrate that A2058 cells express the AhR and Arnt
and are responsive to activation by TCDD. Furthermore, activation of this pathway
in A2058 melanoma cells results in increased expression and activity of MMP-1 as
well as MMP-2 and MMP-9, as well as increased invasion using in vitro invasion
assays. Data presented here display that TCDD-induced expression of MMP-1 in
A2058 cells is lost when luciferase constructs containing less than 1790bp of proximal promoter are transiently transfected. This differs from normal human keratinocytes where TCDD-induced MMP-1 promoter responsiveness is mediated by
two AP-1 sites at -72 or -180bp. These findings indicate that TCDD exhibits multiple mechanisms for activation of MMP-1 expression in skin.
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2,3,7,8-TETRACHLORODIBENZO-P-DIOXIN INHIBITS
EXPRESSION OF THE INHIBITOR OF DNA BINDING
(ID) -1 AND -3 IN NORMAL HUMAN FIBROBLASTS
A. Akintobi, C. Villano and L. White. Biochemistry and Microbiology, Rutgers, The
State University of New Jersey, New Brunswick, NJ.
Exposure to 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) results in a variety of lesions in mammals including alterations in liver function and lipid metabolism, immune system suppression, endocrine and nervous system dysfunction, and severe

skin lesions. The majority of TCDD’s biological effects are mediated through activation of the aryl hydrocarbon receptor (AhR), a member of the bHLH-PAS family. We have chosen to examine the effect of TCDD and the AhR pathway on dermal fibroblasts because they play an integral role in skin homeostasis by producing
cytokines and other factors that influence epidermal proliferation and differentiation. Recent data from keratinocytes indicate that TCDD exposure mediates some
of its effects through altering genes involved in cellular senescence. We propose that
TCDD and the AhR pathway alter cellular proliferation and senescence by altering
expression of the inhibitor of DNA binding (Id) family of proteins. The Id proteins
are a class of HLH proteins that lack a DNA binding domain and function by
forming inactive heterodimers with other HLH proteins. The Id proteins also interact with non-HLH proteins involved in regulation of cell cycle. Our data show
that normal human dermal fibroblasts (NHFs) are responsive to TCDD, as demonstrated by induction of (cytochrome p450 1B1) CYP1B1 expression. Further, our
data demonstrate that TCDD treatment of NHFs results in significant (75-90%)
decrease in expression of Id-1 and -3. TCDD-repression of Id-1 and -3 is independent of de novo protein synthesis; co-treatment with cycloheximide has no effect on TCDD inhibition of Id-1 and -3. Co-treatment with the AhR antagonist anapthoflavone partially blocks inhibition of Id-1 and -3 by TCDD, suggesting that
TCDD inhibition of Id-1 and -3 is, at least in part, mediated through the AhR
pathway. These data show that the Ids are targets of the AhR pathway, and suggest
that TCDD alteration of Id expression may be involved in changes in cell proliferation and senescence in dermal fibroblasts.
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EFFECTS OF EXOGENOUS AND ENDOGENOUS AHR
ACTIVATION ON GENES CONTROLLING CELL FATE
AND DIFFERENTIATION IN HUMAN EPIDERMAL
CELL TYPES

L. M. Van Pay1 and B. Allen-Hoffmann1, 2. 1Molecular and Environmental
Toxicology, University of Wisconsin, Madison, WI and 2Pathology and Laboratory
Medicine, University of Wisconsin, Madison, WI.
The aryl hydrocarbon receptor (AhR) is a member of the basic helix loop helix-PerArnt-Sim family of transcription factors that function as biological sensors activated
by environmental stressors. The most potent exogenous ligand of the AhR is
2,3,7,8 tetrachlorodibenzo-p-dioxin (TCDD). One of the hallmarks of human exposure to TCDD is a hyperkeratotic skin disorder called chloracne. Using human
keratinocytes in a three-dimensional organotypic culture system our lab has previously shown that TCDD treatment alters expression of keratinocyte terminal differentiation markers including filaggrin. It is also known that cell suspension, a
treatment used to trigger terminal differentiation in keratinocytes, can activate the
AhR pathway in the absence of xenobiotics.
In this study we examined the effects of exogenous and endogenous AhR activation
on physiological expression of genes controlling cell fate and terminal differentiation in human epidermal cell types. Immunohistochemistry and quantitative PCR
were used to analyze changes in protein and mRNA expression that accompanied
AhR activation in both monolayer and organotypic cultures. These experiments
further contribute to our understanding of the role of AhR as a modulator of the
expression of genes involved in determination of cell fate and terminal differentiation in both human stromal cells and human epidermal stem cells following xenobiotic exposure or changes in tissue architecture.
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GENE EXPRESSION PROFILES IN TATTOOED SKIN OF
SKH-1 HAIRLESS MICE

N. V. Gopee1, 2, V. G. Desai1, B. J. Miller1, 2, J. C. Fuscoe1, W. Tong1, H.
Fang1, W. G. Wamer3 and P. C. Howard1, 2. 1NCTR, USFDA, Jefferson, AR,
2
NTP Center for Phototoxicology, NCTR, USFDA, Jefferson, AR and 3CFSAN,
USFDA, College Park, MD.
Tattooing has emerged as a popular art form, with 16% of Americans having at
least one tattoo. The present study explores the global gene expression profile of tattooed skin in female SKH-1 hairless following subchronic exposure to simulated
solar light (SSL). The mice were not tattooed or tattooed longitudinally on the dorsal side with vehicle (10% aqueous glycerol) or the vehicle containing 20% by
weight suspensions of cadmium sulfide (CdS) or pigment red 22 (PR22). The mice
were held for 2 weeks, exposed for 13 weeks to 1.4 SED/day SSL (one-half the
mice), then sacrificed and the tattooed skin removed and frozen. Gene array analysis was determined for a total of 20K genes using high-density oligonucleotide microarrays. The tattoo- and light-induced gene expression changes were determined
using FDA microarray database and analysis software, ArrayTrack. The results indicated that under these experimental conditions there was not a significant light effect, and as a result the no SSL and SSL treated animals for each suspension-tattooed group were combined and compared to the vehicle-tattooed mice. A total of
109 genes were differentially expressed >1.5 fold for PR22 tattooed mice, of which
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35 were upregulated. In RNA from CdS tattooed mice, 561 genes were differentially expressed >2 fold, of which 390 were upregulated. Only 29 of the differentially expressed genes were common to both tattoo inks, 11 of which were upregulated. Analysis of the altered genes as a result of tattooing with PR22 or CdS
suggests there are pathway changes involved in immunological and inflammatory
responses, cancer, cell proliferation and death correlating with previous
histopathology. Microarray analysis of RNA from tattooed skin can be an effective
tool for identifying genes of potential interest in response to tattooing, and could
provide useful measures to quantify the impact of tattooing on the skin and immune system.
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GENE EXPRESSION IN RAT SKIN AFTER BRIEF
CUTANEOUS EXPOSURE TO JP-8 AND FOUR
COMPONENTS OF JP-8

J. N. McDougal and C. M. Garrett. Department of Pharmacology and Toxicology,
Wright State University, Dayton, OH.
Jet Propulsion fuel (JP-8) has caused concern in the Department of Defense because of the potential for skin irritation with repeated fuel contact. We have previously investigated the time course of gene expression in rodent skin after a 1-hour
cutaneous exposure to jet fuel. JP-8 is a variable mixture of hundreds of individual
hydrocarbons and isomers. The majority of the hydrocarbons are aliphatic and the
rest (about 18%) are aromatic. We have shown that aromatic hydrocarbons penetrate the skin better than aliphatic hydrocarbons, but that aliphatic hydrocarbons
are present in the skin at higher concentrations after exposures. The purpose of this
study is to compare the gene expression changes from JP-8 with gene expression
changes caused by some of the major aliphatic and aromatic components of JP-8 in
an attempt to determine if specific components could be causing the irritation. We
exposed Fischer-344 rats to JP-8, undecane (present at 6% in JP-8), tetradecane
(present at 1.8% in JP-8), trimethyl benzene (present at 1% in JP-8), and dimethyl
naphthalenes (present at 1% in JP-8) on the back (closely-clipped of fur) for one
hour and then collected the skin, separated the epidermis and dermis with a cryotome and isolated total RNA. We used the Affymetrix rat genome 230 2.0 array
which has more than 31,000 probe sets to compare changes in transcript levels with
the treatments. According to the simplified gene ontology categories of
GeneSpring, JP-8 and each of the components induced changes in transcripts related to nucleic acid binding, enzymes and signal transduction, but only about two
thirds of the genes were in common. JP-8 and each of the components increased
the expression of more genes than were decreased. Gene changes with the aliphatics
(undecane and tetradecane) were more similar to each other than they were to the
aromatics (dimethyl naphthalenes and trimethyl benzene) but it was not clear
which type of component was responsible for the gene changes found in the whole
mixture. (Supported by the Air Force Office of Scientific Research)
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REAL-TIME PCR CONFIRMATION OF CHANGES IN
GENE EXPRESSION IN RAT EPIDERMIS AFTER JET
FUEL (JP-8) EXPOSURE TO THE SKIN

C. M. Amato, C. M. Garrett and J. N. McDougal. Department of Pharmacology
and Toxicology, Wright State University, Dayton, OH.
Jet Propulsion fuel (JP-8) has been identified as a chemical irritant to the skin if repeated contact occurs. The molecular event that triggers the irritant cascade has not
been identified. An understanding of the molecular mechanisms in JP-8-induced
skin irritation will help establish prophylactic and therapeutic interventions. We
have previously shown that a brief exposure to JP-8 fuel affects gene expression of
the epidermal layer using the Affymetrix gene array system. The aims of this study
were to confirm the genomic changes, and to monitor the molecular activity of specific genes in rat epidermis using real time PCR. Five hundred microliters of JP-8
was placed in a Hill Top Chamber and secured with a Lomir rodent jacket onto the
shaved mid-scapular region of male Fisher 344 rats. Following a 1-hour exposure,
JP-8 and sham treated skin was observed at 1, 4, and 8 hours after beginning the
exposure. At the observation time, whole skin was excised, held flat and stored
overnight in RNAlater (Ambion, Inc) at -20oC. The following day 10-15 um of
epidermis was removed (5 micron sections) using a cryotome and total RNA was
isolated from the epidermal layer. Total epidermal RNA was reverse transcribed into
cDNA and amplified using the Full Spectrum Amplification Kit (System
Biosciences, Inc). Using GAPDH as the housekeeping gene, thirty-one genes of interest were assayed at each time point in JP-8 and sham treated samples. The genes
chosen represent cytokines, chemokines, and transcription factors related to skin irritation and inflammation. Primer and probe sets were purchased from Applied
Biosciences as Assay-On-Demands (AODs), and the real time reactions were performed using the ABI 7900 HT SDS PCR machine. Real time PCR validated
many but not all of the gene array findings. Transcription factors were increased at
the one-hour time point but the greatest overall changes in all transcripts investigated were at eight hours. (Funded by Air Force Office of Scientific Research)
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TIME COURSE OF JP-8 JET FUEL CONCENTRATION
IN THE EPIDERMIS AND DERMIS OF FISHER RATS
AFTER CUTANEOUS EXPOSURES

C. M. Garrett and J. N. McDougal. Department of Pharmacology and Toxicology,
Wright State University, Dayton, OH.
Cutaneous exposure to jet fuels has been shown to cause dermal irritation in laboratory animals and humans. It is known that in order for this irritation to occur, the
chemical must penetrate the stratum corneum and enter the epidermis. The concentration in skin layers can be coupled with the molecular response data to help to
understand the exact nature of the dermal irritation response mechanism and help
determine which components of the hydrocarbon mixture are responsible for the
irritation. In static diffusion cell studies with JP-8, we have previously shown that
the aliphatic components of JP-8 are present in greater amounts than the aromatic
components. Our goal in this study is to determine the skin concentration of topically applied JP-8 over a 1-hour time course. Male Fisher-344 rats were anesthetized, clipped of fur on their backs and fitted with a hilltop chamber containing
500 microliters of JP-8 which was held in place by a rodent harness. After 15, 30,
45, and 60 minutes the rats were killed and the exposed skin was wiped clean and
removed by blunt dissection. The skin was quickly flash frozen in liquid nitrogen to
avoid loss of volatile chemical. Frozen skin sections were then cut into 5 µm slices
with a cryotome. The epidermis and dermis from each sample were sealed in individual headspace vials, weighed and analyzed for JP-8 content by GC/MS. The
seven largest peaks (nonane, decane, undecane, dodecane, naphthalene, tridecane
and tetradecane) were summed to develop a JP-8 standard curve. JP-8 and component concentrations were expressed as microgram per gram of skin. The concentration of JP-8 increased over the one-hour exposure period and the epidermal concentration of JP-8 was 10 times more than the dermal concentration. The
components with the highest octanol/water partition coefficients were the components with the highest skin layer concentrations. There were no significant differences in the component profiles in the epidermis and dermis. (supported by the Air
Force Office of Scientific Research)

839

ESTIMATION OF HUMAN SKIN PERMEABILITY
COEFFICIENTS OF JET FUEL COMPONENTS IN VIVO

D. Kim1, M. E. Andersen2 and L. A. Nylander-French1. 1Environmental Sciences
& Engineering, University of North Carolina at Chapel Hill, Chapel Hill, NC and
2
CIIT Centers for Health Research, Research Triangle Park, NC.
Jet Propulsion Fuel 8 (JP-8) is the single largest source of chemical exposure on military bases. Exposures occur mainly via inhalation and dermal contact. Dermal absorption and penetration of the aromatic and aliphatic components found in JP-8
have been investigated in in vitro studies using rodent or pig skin. However, absorption and penetration through human skin in vivo may result in absorption and
penetration patterns different from animal models. The main purpose of this study
was to investigate the absorption and penetration of aromatic (naphthalene, 1methyl naphthalene, 2-methyl naphthalene) and aliphatic (decane, undecane, dodecane) components of JP-8 in a controlled human exposure experiment. A surface
area of 20 cm2 was defined on the volar forearms of ten human volunteers and 1 ml
of JP-8 was applied neat to the skin. Tape-strip samples were collected 30 min after
application. Blood samples were taken before exposure (t = 0 hr), after exposure (t
= 0.5 hr), and every 0.5 hour for up to 4 hours past exposure. Both tape-strip and
blood samples were analyzed by GC-MS; whole blood was analyzed using a headspace solid-phase microextraction (HS-SPME) technique. The tape-strip samples
showed evidence of uptake into the skin for all components analyzed. The blood
data was used to estimate permeability coefficients (Kp). The rank order of Kp was
naphthalene > 1-methyl naphthalene = 2-methyl naphthalene > decane > dodecane
> undecane. This rank order is similar to results from rodent and pig-skin studies.
The human Kp-values for aromatic components were 10- and 4-fold less than the
Kp-values estimated from rodent- and pig-skin studies, while for aliphatic components, the human Kp-values were 9- and 2-fold less, respectively. This study
demonstrates that in vitro rodent and pig models of the skin will over predict the
internal dose of JP-8 components in humans in vivo. (Supported by NIEHS
P42ES05948.)
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DERMAL MICRODIALYSIS OF PROINFLAMMATORY
NEUROCHEMICALS AS MARKERS OF SKIN
IRRITATION AFTER EXPOSURE WITH JP-8
CHEMICALS

S. Fulzele, R. J. Babu, E. Ahaghotu and M. Singh. College of Pharmacy, Florida
A&M University, Tallahassee, FL.
Purpose: To quantify the release of neurochemicals by dermal microdialysis after
topical exposure with JP-8 and its chemicals and to correlate the data with transepidermal water loss (TEWL) and cytokine (IL-1α & TNFα) expression in skin &

blood in hairless rats. Methods: Occlusive dermal exposure (2h) was done with 230
µl of the chemicals (JP-8, xylene, tetradecane) using Hill top chambers®. Linear
microdialysis probes (10 mm) were inserted in the dermis under urethane anesthesia. The dialysis fluid was pumped at a flow rate of 2 µl/min and the dialysate was
collected for 7h following probe insertion. The expression of substance P(SP), calcitonin gene related peptide (CGRP) and prostaglandin E2(PGE2) in the skin was
measured by enzyme immunoassay(EIA). The effect of Celecoxib(500 µl, 10
mg/ml) pretreatment,6 &18 h before the application of test chemicals was assessed.
Separate experiments with similar skin exposures were conducted and TEWL, erythema and expression of IL-1α & TNF α in the skin & blood was measured.
Results: The mean concentrations of SP & PGE2 after the application of chemical
(55.7 ± 14.8 & 298.6 ± 30.2 pg/ml) and 3h after its removal (38.2 ± 15.5 & 132.2
± 10.1 pg/ml) indicated that JP-8 induced significantly higher release of SP &
PGE2 as compared to baseline value (P < 0.05). Similar results were obtained with
xylene exposure (P >0.05). Tetradecane however, demonstrated significantly lower
expression of SP & PGE2 compared to JP-8 (P > 0.05). CGRP was not detected in
any of the samples. Pretreatment with Celecoxib showed a significant decline (P <
0.05) in SP & PGE2 release induced by JP-8 and xylene. The skin irritation as
shown by increase in TEWL and erythema levels was in the order of JP-8 ≈ xylene
> tetradecane. JP-8 and xylene significantly increased the expression of IL-1α and
TNFα in skin and blood as compared to control (P < 0.05). Conclusion: Dermal
microdialysis data correlated with TEWL and cytokine data and thus can be used to
quantify skin irritation potential of JP-8 and related chemicals.
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EVALUATION OF SKIN BARRIER CREAMS TO JP-8
IRRITATION IN NEW ZEALAND WHITE RABBITS
(ORTYCTOLAGUS CUNICULI)

S. C. Stevens1, D. L. Pollard2, T. A. Minnick1, A. J. Guilfoil1, R. J. Godfrey2,
C. M. Amato3 and J. J. Schlager1. 1AFRL, Wright-Patterson AFB, OH, 2Alion,
Wright-Patterson AFB, OH and 3ORISE, Oak Ridge, TN.
Skin Irritation, as well as skin and systemic toxicity due to accidental JP-8 jet fuel
exposure remains a concern for the US Air Force and their fuel handling personnel.
Personal protection equipment and clothing (PPEC) is a necessity under normal
operations but requirements to meet workload goals can lengthen individual exposure causing PPEC failure, especially during extended operations. To ensure work
conditions result in the lowest JP-8 exposure, our goal was to add a skin-enhancement barrier cream to the PPEC armament. Initially we needed an over-thecounter (OTC) product or cream claiming to have skin enhancement and/or barrier properties, which could be quickly fielded. To determine the best OTC creams,
a number of creams were tested In Vitro on both silastic membrane and dermatomed pig skin. The five best creams were selected for In Vivo testing on New
Zealand White Rabbits to determine the degree of protection against JP-8 irritation. The barrier creams were applied to the skin of shaved rabbits then exposed to
0.5ml of JP-8 for four hours at selected sites using a 2cm Hilltop Chamber. The
eleven sites included one negative control site (skin and hilltop chamber only), one
control site (barrier cream and hilltop chamber only), three positive controls (JP-8
and hilltop chamber only), and three sample sites (JP-8, hilltop chamber and barrier cream applied). Also included on each rabbit were three sites of unexposed bare
skin. Readings were taken both with a colorimeter and visually according to the
Draize Irritation Scale. These sites were evaluated at eleven time points over 72
hours. Two creams have shown protection against JP-8 irritation, while other
creams that protected against JP-8 penetration In Vitro, do not provide sufficient
protection for JP-8 irritation on rabbit skin In Vivo.
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PARTITIONING BEHAVIOR OF SELECTIVE AROMATIC
AND ALIPHATIC JET FUEL COMPONENTS ACROSS
MEMBRANES

R. E. Baynes, X. R. Xia, B. M. Barlow, J. L. Yeatts and J. E. Riviere. Center for
Chemical Toxicology Research and Pharmacokinetics, North Carolina State University,
Raleigh, NC.
Jet fuel components are known to partition into skin and cause occupational irritant contact dermatitis (OICD) as well as systemic effects following dermal absorption. The purpose of this study was to experimentally determine how these jet fuel
components partition from (1) solvent mixtures into diverse membrane-coated
fibers (MCFs) to predict dermal absorption and (2) biological media into MCFs to
predict tissue distribution. Three diverse MCFs, polydimethylsiloxane (PDMS,
lipophilic), polyacrylate (PA, polarizable), and carbowax (Wax, polar) were selected
to simulate the physicochemical properties of skin in vivo. When MCFs were exposed to solutions containing the jet fuel components, these components partitioned into the MCF materials depending on the strengths of the molecular interactions. Following an appropriate equilibrium time between the MCF and dosing
solutions, the MCF was injected directly into a GC-MSD to quantify the amount
that partitioned into the membrane. Three vehicles (water, 50% ethanol-water and

4%BSA solution) were studied for selected jet fuel components. Preliminary data
suggest that as the aromatic components become more hydrophobic, the greater the
partitioning into the membrane irrespective of MCF at 100% water. This relationship is less clear once ethanol is introduced. Interestingly, in media, the aliphatics
showed a reversed trend when partitioning from the BSA solution. This infers that
plasma protein binding and not only molecular weight may limit tissue distribution
of these aliphatic components. These preliminary observations strongly suggest that
these diverse membranes can be used to quantify partitioning behavior of jet fuel
components during dermal absorption and tissue distribution. This information
can be incorporated into PBPK models to provide a more accurate assessment of tissue dosimetry of related toxicants (Supported by USAFOSR FA 9550-04-1-0376).
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INERT MULTIPLE MEMBRANE-COATED FIBERS
PREDICT DERMAL ABSORPTION OF CHEMICALS
FROM MIXTURES

J. E. Riviere, X. Xia, R. E. Baynes and N. A. Monteiro-Riviere. Center for
Chemical Toxicology Research and Pharmacokinetics, North Carolina State University,
Raleigh, NC.
Skin absorption of compounds from chemical mixtures is affected by many factors
including chemical-chemical, chemical-vehicle, chemical-skin and vehicle-skin interactions; with the rate-limiting process primarily being interactions with the stratum corneum. To address this, we have developed a multiple membrane-coated
fiber (MCF) approach that unlike in vitro skin systems, has the advantages of relatively high throughput. Three diverse MCFs [polydimethylsiloxane (PDMS,
lipophilic), polyacrylate (PA, polarizable) and CarboWax (wax, polar)] were selected to simulate the array of molecular interactions existing in the skin/chemical
mixture systems. Skin permeability coefficient (log kp) of a set of 16 diverse compounds from chemical mixtures (water, water-ethanol, water surfactant) were measured by in vitro flow through diffusion experiments and membrane/chemical mixture partition coefficients (log KMCF/Mix) were determined. Concentrations of all
chemicals were assayed using GC-MS. Multiple regression analysis was used to define equations linking log kp to log KMCF/Mix for the three MCFs across the three vehicle systems. Significant correlation equations were defined for each vehicle exposure: water - R2=0.96; 50% ethanol - R2=0.91; and 1% SLS - R2=0.86. Differences
in equations across vehicles probably reflect mixture-skin interactions. These studies demonstrate that dermal absorption of a diverse series of compounds can be estimated from data collected in three inert fibers which reflect the physicochemical
diversity of interactions seen when chemicals partition into the stratum corneum.
(Supported by NIOSH OH-07555 and USAFOSR FA 9550-04-1-0376).
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EFFECTS OF A TOPICAL HEDGEHOG ANTAGONIST
ON NORMAL SKIN

K. Flagella1, A. Bricarello1, T. Merriman2, K. Lewis1, E. Choo1, H. La1, T.
Patapoff1 and N. Dybdal1. 1Safety Assessment, Genentech, Inc., South San Francisco,
CA and 2Charles River Laboratories, Inc., Spencerville, OH.
Hedgehog (Hh) signaling is an important regulator of normal development and tissue homeostasis. The majority of human basal cell carcinomas (BCC) have mutations in the Hh pathway, resulting in pathway activation and uncontrolled basal cell
proliferation. A topical Hh pathway antagonist, THA, is being investigated for the
treatment of BCC. To evaluate the effects of dermal exposure, vehicle cream or
0.4%, 1.8%, or 3.1% THA cream were topically administered twice daily to
Hanford mini-pigs for 2 months followed by a 1 month recovery period. Drug-related effects were minimal, limited to the skin, and included a few incidences of
desquamation, very slight erythema, mild infiltration of mononuclear cells and/or
multifocal parakeratotic crusting observed in some animals given 1.8% and/or
3.1% THA. No dermal changes were noted in animals receiving 0.4% THA or
after a 1 month recovery period in any animals given THA. In addition, no drugrelated signs of systemic toxicity were observed. Plasma concentrations of THA
were low and variable. No gender differences were noted and bioavailability was estimated to be 0.8% in mini-pigs. To estimate the absorption of THA through
human skin, various formulations of 14C-labeled THA were topically applied in
vitro to excised human skin samples and the amount of radioactivity was measured
in epidermal and dermal layers and receptor fluid. The percentage of radioactivity
in epidermal (without stratum corneum) and dermal levels ranged from 4.3% to
11% and 1.7% to 7.9%, respectively. Of the applied radioactive dose, 1.8% to
2.9% was measured in the receptor fluid. As a result, bioavailability following topical treatment of THA was estimated to be approximately 2%. In summary, topical
application of THA twice daily for 2 months resulted in minimal systemic exposure
and was well tolerated in mini-pigs. Since bioavailability was estimated to be approximately 2%, systemic exposure following topical administration of THA in humans is expected to be low.
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DERMAL TOXICITY OF THE TROPICAL
CYANOBACTERIUM CYLINDROSPERMOPSIS
RACIBORSKII

A. A. Seawright, I. Stewart, S. X. Shen and G. R. Shaw. National Research Centre
for Environmental Toxiclogy, The University of Queensland, Brisbane, QLD,
Australia. Sponsor: M. Hughes.
Skin rashes commonly occur after recreational or occupational exposure to fresh
waters infested with toxic cyanobacterial blooms but there are few if any pathological reports of skin lesions due to these organisms or their toxins.
It was recently shown that application of a culture of Cylindrospermopsis raciborskii to the abdominal skin of Balb/c mice resulted within 24 hours of a skin lesion characterized by erythema, oedema and scab formation. A histological study
was then made of the progress of this lesion over 14 days following a single 70 µl
application to 1 cm2 of shaved abdominal skin of 190 µg cylindrospermopsin
(CYN), the toxin per ml in 70% ethanol.
Inflammatory changes were evident by 12 hours and maximal by 48 hours, and
characterized by epidermal ulceration, acanthosis and dermal oedema, hyperaemia
and mainly polymorphonuclear infiltration. The changes had mainly subsided by 7
days and the skin had returned to normal by 14 days. In a subsequent dose response
study in which the effect of a single exposure of 70% ethanolic CYN was observed,
the no effect level was about 2 µg/ml.
In order to investigate the possibility of delayed contact sensitivity due to CYN, the
mouse ear swelling test (MEST) was used. In this test, 100 µl of 70% ethanolic
CYN at 100 µg/ml was applied to the shaved, tape stripped abdominal skin on
days, 0, 1, 3 and 5, and 20 µl of 50 µg CYN/ml applied to the pinna of one ear on
day 10. Ear pinna swelling was measured with a micrometer 24 and 48 hours post
application of toxin. Two out of nine mice tested were positive for delayed contact
sensitivity.
The study confirms that CYN is cytotoxic for the skin and in some individual animals can cause delayed contact sensitivity. Even though the toxin exposure levels are
higher than those likely to be encountered by humans exposed naturally, skin rashes
suffered by persons bathing in water infested by C. raciborskii may well have been
directly caused by the toxin of this organism.
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ANTIOXIDANT DEFENSE AND TOXIC EFFECTS OF
OCCUPATIONAL CHEMICALS TO SKIN

A. R. Murray1, E. Kisin2, V. Castranova1, 2, C. Kommineni2 and A. A.
Shvedova1, 2. 1Physiology and Pharmacology, West Virginia University, Morgantown,
WV and 2PPRB, NIOSH, Morgantown, WV.
A variety of compounds used in industry, such as cumene hydroperoxide (CumOOH), phenol (PhOH), and metal working fluids (MWFs), are toxic to the skin
and can result in inflammation, allergic and contact dermatitis, and/or cancer promotion. The mechanisms for this toxicity are largely unknown. We hypothesize
that free radical production with the attendant loss of antioxidant protection and
the development of oxidative stress are key contributors to dermal toxicity. In vivo
experiments revealed the formation of α-phenyl-N-tert-butylnitrone spin-trapped
radical adducts in the skin of mice exposed to PhOH or Cum-OOH. Depletion of
glutathione (GSH; pretreatment with DL-buthionine sulfoximine) prior to phenol
exposure resulted in the production of significantly more radicals than in animals
exposed to phenol alone. Similar results were obtained from animals given a vitamin E deficient diet for 20 weeks prior to dermal exposure to Cum-OOH. Mice
maintained on a diet deficient in vitamin E and exposed to Cum-OOH had significantly higher rates of radical formation compared to the mice given a diet with a
sufficient amount of vitamin E. Exposure to PhOH, Cum-OOH, or MWFs also
resulted in reduction of antioxidant defense (oxidation of GSH and protein thiols,
and decreased levels of vitamin E and total antioxidant reserves) in the mouse skin.
Histologic evaluation after exposure to PhOH, Cum-OOH, or MWF revealed increased dermal inflammation when the above chemicals were applied to the skin of
mice with pre-existing oxidative stress. In conclusion, impairment of antioxidant
skin defense contributed to increased inflammation indicating the essential role of
the latter against free radical skin damage. Antioxidant status is an important factor
in determining the susceptibility to skin damage resulting from exposure to occupational chemicals.
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EVALUATION OF DIPHOTERINE FOR RINSING OF
ALKALI BURNS AT THE HOSPITAL

L. Mathieu1, H. Merle2, M. Gerard2, P. Josset3 and A. H. Hall4. 1Scientific
Researches, PREVOR Laboratory, Talence, France, 2Ophthalmology, University
Hospital, Fort de France, Martinique, France, 3Anatomopathology, Trousseau
Hospital, Paris, France and 4TCMTS, Elk Mountain, WY.
Alkali eye burns cause serious injuries. Because of the potential serious outcomes, a
comparison was made of two emergent eye decontamination solutions: normal
saline and Diphoterine. Diphoterine is an amphoteric and hypertonic polyvalent
agent for eye/skin chemical splash rinsing.
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Before the study, in vitro and in vivo tests were performed in order to show the interest of the study. The clinical study was approved by the appropriate human subjects committee. All consecutive cases of alkali ocular burns treated at the
University Hospital Center of Fort de France were prospectively collected during a
4-year period. Injuries were classified according to the Roper-Hall classification
(Grades 1-4). Regardless of the decontamination product used, the remainder of
the therapeutic protocol was standardized according to injury Grade.
In vitro tests showed that ammonia penetrates through a semi-permeable membrane when the concentration is 0.35N. In vivo tests showed an absence of edema
with more preservation of endothelial cells and decrease of intraocular pH with
Diphoterine rinsing. During the clinical study, there were 66 cases of ocular alkali
burns. Of these, 28 of patients had a unilateral burn. 48 eyes were decontaminated
with normal saline and 56 eyes with Diphoterine. For Grades 1 and 2, the elapsed
time to reepithelialization was significantly shorter with Diphoterine decontamination. There were insufficient cases in Grades 3 and 4 for statistical comparison.
In this clinical study, the elapsed time to reepithialization was shorter in Grade 1
and 2 burns when Diphoterine was the decontamination solution. These results are
comparable to prior observational studies and with in vivo studies. Diphoterine
should be considered as an alternative to normal saline or other decontamination
solutions for chemical eye splashes.
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BERYLLIUM EXPOSURE AND THE PREVALENCE OF
CHRONIC BERYLLIUM DISEASE AND BERYLLIUM
SENSITIZATION

E. Donovan1, A. Madl1, M. Kelsh2 and D. Paustenbach1. 1ChemRisk, Inc., San
Francisco, CA and 2Exponent, Menlo Park, CA.
The current Occupational Exposure Limit (OEL) for beryllium was believed to be
protective against chronic beryllium disease (CBD) until studies in the mid-1980s
began using newer medical diagnostic techniques that identified beryllium sensitization (BeS) and subclinical disease in the absence of physical symptoms. The objective of this study was to review all available epidemiologic studies of beryllium
workers to assess whether any patterns are observed for exposure indices, job categories, manufacturing processes, chemical forms of beryllium (e.g., beryllium
oxide, metal, and alloy), and the prevalence of CBD and BeS. In addition, the influence of particle size and different exposure metrics on CBD and BeS was evaluated. Despite considerable variation in study findings, several patterns are apparent.
First, the prevalence of CBD and BeS was greatest among workers involved with
machining or grinding of beryllium oxide and metal. Second, no cases of CBD
have been reported among workers with exclusive exposure to mining or processing
of beryllium ore. Third, differences in the prevalence of CBD involving work with
different chemical forms of beryllium appear to be dependent on the operation and
generation of fine particulate. Fourth, frequency and magnitude of peak concentrations, as well as particle size, appear to be associated with the prevalence of CBD
and BeS. In contrast, mean or median airborne concentrations of beryllium, cumulative dose, and exposure duration have not provided consistent dose-response associations. Fifth, CBD and BeS are observed among workers who are employed in
areas where airborne beryllium concentrations are generally greater than 0.2
µg/m3. Based on what has been learned in recent years, increased risk of BeS and
CBD is likely derived from a combination of factors, such as particle size, chemical
form of beryllium, and peak exposure, which are important to consider when setting an OEL for beryllium.
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BERYLLIUM SENSITIZATION AND CHRONIC
BERYLLIUM DISEASE IN A BERYLLIUM METAL
MACHINING PLANT: ANALYSIS OF BERYLLIUM
EXPOSURE AND IMPLICATIONS FOR AN
OCCUPATIONAL EXPOSURE LIMIT

A. Madl1, K. Unice1, J. Brown1, M. Kolanz2 and M. Kent2. 1ChemRisk, Inc., San
Francisco, CA and 2Brush Wellman Inc., Cleveland, OH.
The current occupational exposure limit (OEL) for beryllium has been in place for
more than 50 years and was believed to be protective until medical diagnostic techniques in the 1980s identified beryllium sensitization (BeS) and chronic beryllium
disease (CBD) in the absence of physical symptoms. A major challenge in identifying a revised OEL for beryllium is that previous studies have used inconsistent sampling and exposure assessment methodologies and definitions for BeS and CBD.
These differences have prevented direct comparisons between studies, as well as the
identification of a clear exposure-response relationship. Industrial hygiene and
health surveillance data from a beryllium metal machining facility were analyzed to
assess whether this information provides insight into the exposure-disease relationship for BeS and CBD, which could be useful in identifying an OEL that is protective of worker health. Airborne beryllium concentrations for different job titles
were evaluated, historical trends of personal and ambient beryllium levels were
compared for pre- and post-engineering control measures (implemented in the

1990s), and average and upper bound exposure estimates were developed for workers identified as BeS or with CBD. This assessment included the analysis of 3,833
personal lapel and 614 general area samples and other new data collected by plant
health and safety staff at the facility. Results of this analysis showed that all workers
diagnosed with CBD were exposed to beryllium concentrations of 0.2 µg/m3 (95th
percentile) or greater. The prevalence of BeS among surveyed workers exposed
below a 95th percentile beryllium concentration of 0.2 µg/m3 was consistent with
the anticipated background rate of BeS of 1-2 percent. It was concluded based on
this analysis of BeS and CBD workers in a beryllium metal machining plant, concentrations maintained below 0.2 µg/m3 95% of the time will likely prevent BeS
and CBD in nearly all beryllium workers.
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ANALYSIS OF EXPOSURE TO BENZENE IN MINERAL
SPIRIT SOLVENTS DURING PARTS WASHING AND
DEGREASING OPERATIONS

J. Greene, E. Goswami, P. Sheehan and J. Hicks. Exponent, Oakland, CA.
Although the primary focus of benzene exposure assessment remains on workers in
manufacturing industries producing or using substantial quantities of benzene, recently there have been questions raised about workers exposed outside the manufacturing setting to benzene-containing products. Mineral spirit solvents are one
type of benzene-containing product that has drawn attention because of their widespread use in cleaning and degreasing applications such as parts washing. However,
there is a paucity of data on benzene concentrations in mineral spirit solvents and in
breathing zone air of workers using these solvents during parts washing. This study
summarizes previously unpublished benzene data for parts washing activities and
provides an evaluation of potential daily and cumulative exposures to benzene associated with the use of mineral spirit solvents in parts washers to those individuals
commonly exposed – mechanics. The distribution of the potential total dose for
mechanics from inhalation and dermal uptake of benzene from the use of parts
washers was calculated using Monte Carlo probabilistic methods. The 50th and
95th percentile of the dose distribution for mechanics performing a single parts
washing event during a workday are estimated to be 0.07 and 1.1 mg, respectively.
These are equivalent to the dose received from 8-hour time-weighted average benzene concentrations of approximately 0.002 and 0.03 ppm, which are substantially
less than the current workplace threshold limit value of 0.5 ppm. Results of the
study indicate most of the benzene dose is from inhalation of airborne benzene
rather than dermal contact with the benzene in parts washing solvent. Additionally,
the 50th and 95th percentile of the distribution of occupational cumulative dose
for mechanics working in facilities with parts washing units are estimated to be
0.006 and 0.2 ppm-years, respectively.

851

RECONSTRUCTION OF BENZENE EXPOSURES
DURING THE SIMULATED USE OF A PENETRATING
AND DE-RUSTING AGENT

P. R. Williams1, J. Knutsen1 and D. J. Paustenbach2. 1ChemRisk, Boulder, CO and
2
ChemRisk, San Francisco, CA.
Benzene has historically been found as a contaminant in many industrial and consumer products. The purpose of the current study was to characterize benzene exposures from the use of a common penetrant and de-rusting agent that contained
benzene prior to the late 1970s. Specifically, we recreated several product formulations that were similar in physical properties and chemical composition to that used
in the past, and measured the airborne concentrations of benzene during the simulated use of these products under various conditions. A total of 219 air samples
were collected during 11 product use scenarios, including 15-minute background
samples (N=43), 15-minute personal samples (N=88), 1-hour personal samples
(N=44), and 1-hour areas samples (N=44). We find that airborne concentrations of
benzene varied by 100-fold or more depending on the scenario. Specifically, benzene concentrations were found to range from 0.04-4.9 ppm for all 15-minute personal samples, 0.04-4.1 ppm for all 1-hour personal samples, and 0.01-1.9 ppm for
all 1-hour area samples. Airborne concentrations were most heavily influenced by
the benzene content of the product (1%, 3%, 14%, 30%) as well as the ventilation
rate (low, average, high, outdoors), but were generally not affected by the type of
product (historical versus current blend) or quantity of the product used (10 ml vs.
20 ml). We also developed a linear regression model based on the air sampling data
which illustrates how several key parameters affect the measured ambient air concentrations of benzene. This model provides a relatively good fit to the data, with
the coefficient of variance (R2) ranging from 0.66-0.68 for the personal samples
and 0.74 for the area samples. The current study represents the first known attempt
to fully characterize the plausible range of benzene exposure levels associated with
the past use of this type of product, and provides quantitative data for use in retrospective exposure assessments.
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RECONSTRUCTION OF EXPOSURE OF SKILLED
CRAFTSMEN TO ASBESTOS AT THE BEAUMONT,
TEXAS REFINERY (1946-2004)

P. R. Williams1 and D. J. Paustenbach2. 1ChemRisk, Boulder, CO and 2ChemRisk,
San Francisco, CA.
Despite attempts over the past 50 years to estimate airborne concentrations of asbestos during selected job tasks or activities, there has been no known attempt to reconstruct asbestos exposures for different craftsmen employed in various (nonmanufacturing) industries. We rely upon our extensive review of the literature,
coupled with site-specific data and interviews with former workers, to characterize
the likely distribution of asbestos exposures for 12 different trades at a petroleum
refinery from the 1940s to the present. Specifically, we estimate 8-hour TWA airborne concentrations of asbestos for each trade during six distinct time periods at
the Beaumont, Texas refinery using a probabilistic (Monte Carlo) model. The primary trades of interest include insulators, pipefitters, boilermakers, masons,
welders, sheet metal workers, millwrights, electricians, carpenters, painters, laborers, and maintenance workers. We find that insulators had the highest estimated exposures, with 8-hour TWA asbestos concentrations at the 50th (and 95th) percentile ranging from 3.1 f/cc (8.4 f/cc) from 1945-1965 to 0.001 f/cc (0.005 f/cc)
from 1994-2004 (a 1,000-fold difference). Most other crafts had estimated exposure levels approximately 2-10 times less that that of insulators. The most notable
reduction in exposures for all craftsmen occurred during the 1985-1993 time period due to several factors, including the reduction in regulatory exposure limits, increased respirator use and training at the facility, and less time working with asbestos due to the use of substitute products. The two most sensitive input
parameters in the Monte Carlo analysis are (1) the task-specific asbestos concentrations which were used to calculate the 8-hour TWA estimates, and (2) the fraction
of time spent working with asbestos materials. Despite a number of data limitations, this analysis provides a practical approach for how to conduct an exposure reconstruction assessment and yields specific quantitative exposure estimates that can
be used in future investigations involving asbestos.
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ASSESSMENT OF ASBESTOS EXPOSURE AMONG
AUTOMECHANICS SERVICING AND HANDLING
ASBESTOS CONTAINING GASKETS

C. L. Blake2, G. Dotson1 and R. D. Harbison1. 1Environmental and Occupational
Health, USF-COPH, Tampa, FL and 2Clayton Group Services, Kennesaw, GA.
Asbestos exposures were assessed for a mechanic removing and installing asbestos
containing gaskets on automobiles. Three separate test sessions were conducted
during which automotive engines were partially disassembled and cleaned of old asbestos containing gasket remnants in preparation for reassembly. Two additional
test sessions followed, wherein new asbestos containing gaskets were used during
engine reassembly. All testing took place within an automotive repair facility involving passenger cars and a pickup truck ranging in vintage from late 1960’s
through 1970’s. A professional mechanic performed all of the shop work which included gasket removal and parts cleaning. Gasket removal was accomplished via
blade scraping and wire brushing. A pneumatically powered drill motor with a
twisted wire brush attachment was utilized to dislodge gasket remnants from removed parts and engine receiving surfaces. Within the gaskets identified to contain
asbestos using Environmental Protection Agency (EPA) method 600/R-93/116
[Polarized Light Microscopy (PLM)], asbestos fibers concentrations ranged between 70-75% of the gasket material. Personal, area and ambient air samples were
collected and analyzed using National Institute of Occupational Safety Health
(NIOSH) methods 7400 (PCM) and 7402 (TEM). Among all personal and area
air samples collected during the five simulations, approximately 21 % (n=11) contained chryostile fibers. The mean 8-hour Time Weighted Average (TWA) concentrations obtained from PCM and TEM analyses for these samples was 0.0034
fibers/mL and 0.0018 fibers/mL, respectively. Based on these findings, automobile
mechanics who worked with asbestos containing gaskets may have been exposed to
concentrations of airborne asbestos fibers that are well below the current
Occupational Safety and Health Administration (OSHA) Permissible Exposure
Limit (PEL) of 0.1 fibers/mL.
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CHARACTERIZATION OF CHRYSOTILE ASBESTOS
EXPOSURES FOR GARAGE MECHANICS

J. Pierce1, F. Mowat2 and B. L. Finley1. 1ChemRisk, San Francisco, CA and
2
Exponent, Menlo Park, CA.
Numerous epidemiology studies have demonstrated that garage mechanics are not
at an increased risk of developing lung cancer or mesothelioma, despite the potential exposures to chrysotile asbestos that could have occurred during vehicle servicing activities when working with brakes, clutches, and gaskets. The purpose of this
analysis is to develop conservative, upper-bound estimates of chrysotile asbestos exposure for garage mechanics and compare these to no-effect exposure thresholds
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that have been reported for other occupational cohorts exposed to predominantly
chrysotile asbestos. Distributions of occupational tenure data were taken from the
1987 Current Population Survey, which provided data on the years worked by mechanics from the 1960s through most of the 1980s. Distributions of airborne
chrysotile data were developed from the National Institute for Occupational Safety
and Health surveys conducted from 1976 to 1987 in 22 different garage settings. A
Monte Carlo analysis indicates that 3 f/cc*year represents the 95th percentile cumulative chrysotile asbestos exposure for garage mechanics in the U.S. A review of
the literature shows that this upper-bound exposure is consistent with no-effect exposure thresholds that have been reported for occupational cohorts exposed primarily to chrysotile asbestos. Specifically, reported no-effect exposure thresholds for
lung cancer are typically 40 f/cc-year and higher; reported exposure thresholds for
mesothelioma were also higher than the 3 f/cc*year estimate for garage mechanics.
It is important to note that it is still unclear whether chrysotile is a risk factor for
mesothelioma and that any increased risk of mesothelioma reported in the aforementioned “chrysotile only” occupational cohorts may have been due to the presence of amphibole asbestos in the workplace.
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EXPOSURE TO NATURALLY OCCURRING ASBESTOS
DURING OFFROAD VEHICLE AND CAMPING/HIKING
ACTIVITIES AT A RECREATIONAL AREA IN
CALIFORNIA

D. Stralka, L. Suer and A. Den. Region 9, US Environmental Protection Agency,
San Francisco, CA. Sponsor: G. Hiatt.
Activity-based personal monitoring was used to measure exposures to naturally occurring asbestos (NOA) during both wet and dry seasons at BLM’s Clear Creek
Management Area (CCMA) in San Benito County California. Multiple motorcycle, all-terrain vehicles (ATVs) and sport utility vehicles (SUV) riders ( 3 riders at a
time) were equipped with personal monitoring equipment to measure asbestos levels as they rode over a set course at the CCMA similar to known recreational riding
routes. In addition personal exposures were monitored during various simulated
camping, hiking, fence mending and vehicle cleanup activities. CCMA has been
long known for its naturally occurring asbestos (predominantly chrysotile deposits)
and the purpose of this exposure effort was to update a similar 1992 sampling effort
conducted by BLM. The current effort used an updated counting methodology,
ISO 10312 Transmission Electron Microscope analytical method, and assessed exposure to both adult and children during several recreational activities. Children as
young as six years old were observed riding the trails. RESULTS: Asbestos was
found in all personal and ambient air samples, however personal activities greatly
increased exposure. Personal exposures for some of the trailing riders exceeded 1
PCME (phase contrast microscopy equivalent) fibers/cc. The highest personal asbestos exposure was 2 PCME f/cc for a trailing ATV rider during the dry season.
CONCLUSIONS: Off-road vehicle activities in areas of CCMA created very high
personal exposures from NOA. Those exposures may remain high despite moist soil
conditions. Lastly, when sampling heights were lowered to simulate a child riding a
motorbike or an ATV the personal exposure levels were higher than the adult.
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PERSONAL EXPOSURES TO NATURALLY-OCCURRING
ASBESTOS DURING SPORTS AND PLAY ACTIVITIES IN
A CALIFORNIA COMMUNITY IN THE SIERRA
FOOTHILLS

G. F. Hiatt, A. R. Den and J. M. Johnson. Region 9, USEPA, San Francisco, CA.
Personal exposures to naturally-occurring asbestos (NOA) were monitored during
simulated sports and play activities (hiking, biking, baseball, soccer, basketball, gardening) at 3 public schools and a park in a Sierra foothill community. Sampling occurred over 11 days during the dry season in El Dorado Hills, CA, where NOA is
present in areas of intense residential development. Asbestos levels in personal and
ambient air samples were measured as PCME (phase contrast microscopy equivalent) fibers using the ISO 10312 analytical method. Personal asbestos exposures
(n=5 for each activity) ranged 0.001 to 0.034 f/cc during simulated activities and
were compared to ambient stationary samples (n=5 each day; grand mean = 0.0008
f/cc) collected concurrently nearby in the community. Results: Asbestos was detected in almost all personal exposure and ambient air samples. The predominant
fiber type was an amphibole of the actinolite-tremolite solid solution series.
Simulated sports and play activities created personal asbestos exposures that ranged
2-fold to 62-fold higher than concurrent ambient air levels in the community. The
highest asbestos exposures (12-fold to 62-fold higher than concurrent ambient) occurred to participants on bare, natural dirt in a student garden and on a trail used
for hiking and biking. Elevated asbestos exposures during sports activities on grass
(soccer) and asphalt (basketball) ranged 3-fold to 16-fold higher than concurrent
ambient levels. Conclusions: Sampling breathing zone air during simulated activities is a superior technique for evaluating personal asbestos exposures than is stationary air sampling. Typical sports and play activities can create significantly ele-
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vated personal asbestos exposures for children in areas where NOA is present. Since
amphibole fibers persist in the body for many years and children can be expected to
survive the decades-long latency period associated with asbestos-related diseases,
this exposure represents a potential public health issue worthy of attention from all
stakeholders.
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RETROSPECTIVE EXPOSURE ANALYSIS OF
RESIDENTIAL EXPOSURE TO PERFLUOROOCTANOIC
ACID (PFOA) FROM 1951 TO 2003
D. J. Paustenbach1, P. K. Scott2, K. M. Unice2 and J. M. Panko2. 1ChemRisk,
Inc., San Francisco, CA and 2ChemRisk, Inc., Pittsburgh, PA.
Measurable quantities of PFOA have been detected in the drinking water of five
communities located near a fluoropolymer manufacturing facility in Washington,
WV. The plant has been operational since 1951 and has been investigated as the
possible source of PFOA found in the drinking water. A retrospective exposure
analysis was conducted to estimate the potential intake of PFOA from 1951 – 2003
by persons residing in the local communities where the drinking water has been affected. Following considerable analyses, particulate deposition from facility air
emissions to soil and the subsequent transfer of the chemical through the soil was
determined to be the most likely source of the PFOA detected in the groundwater
near the facility. A mass balance analysis was conducted to determine the historical
releases of PFOA from the plant. Estimates of historical environmental concentrations were made using EPA’s ISCST3 air dispersion and deposition model as well as
the PRZM-3 model to estimate the PFOA concentrations in surface soil and the
movement of the chemical to the groundwater. Estimates of the intake of PFOA by
residents were estimated for each water district for various routes of exposure. The
highest off-site environmental concentrations were predicted to occur about 1 mile
away. For this 1 square mile area, during the time period 1951 -2003, the model estimated air concentration was 0.2 µg/m3, the estimated surface soil concentration
was 11 µg/kg, and the estimated drinking water concentration was 3 µg/L.
Comparison of measured to modeled PFOA concentrations in groundwater indicated that the models over predicted recent groundwater concentrations by factor
of 3 to 5. A margin of exposure (MOE) analysis was conducted to understand potential human health risk to the local residents. The resultant MOEs ranged from
approximately 9,000 to greater than one million. As such, based on current toxicity
information, adverse health effects from chronic exposure to PFOA in the affected
communities would not be expected.
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NICKEL ABSORPTION FOLLOWING WATER
INGESTION IN ADULTS: A PROBABILISTIC APPROACH
TO ESTIMATION OF NICKEL BIOAVAILABILITY
M. H. Follansbee, T. L. Negley, W. T. Thayer, P. E. Goodrum and G. L.
Diamond. Environmental Science Center, Syracuse Research Corporation, Syracuse, NY.
Estimation of health risks associated with exposures to nickel in drinking water requires accurate estimates of nickel bioavailability. Bioavailability of water soluble
nickel is higher when exposure occurs in the fasted state than when exposure occurs
with meals, and decreases as the time between exposure and the meal decreases.
Therefore, average bioavailability of water-borne nickel would be expected to be influenced by variability in the daily temporal patterns of drinking water and meal ingestion. In the current study, we used Monte Carlo simulation and meal consumption data from NHANES III, along with experimentally-derived estimates of
changes in bioavailability of nickel in subjects who consumed nickel at various
times before or after meals, to derive estimates of a meal-weighted daily average
bioavailability of water soluble nickel in the U.S. adult male population. The model
predicted meal-weighted absolute bioavailability estimates ranged from a low of
3.4%, for people who ingest 100% of their total daily drinking water intake at meal
times, to as much as 17% for people who ingest all of their water between meals. A
sensitivity analysis of the meal-weighting nickel bioavailability model indicated that
the estimate of the bioavailability of nickel was most sensitive to the parameter that
represented the percent of exposure that occurred at meal times and the number of
meals eaten per day. The model was not sensitive to the number of exposure events
per day, or the intra-individual correlation in absorption fraction.
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SURVEY OF RECREATIONAL ACTIVITIES ALONG KING
COUNTY, WA SHORELINES FOR USE IN SITE-SPECIFIC
RISK ASSESSMENT: EXPOSURE DISTRIBUTIONS FOR
SEDIMENT AND WATER CONTACT ACTIVITIES AND
FISH CONSUMPTION
D. B. Mayfield1, S. Robinson1 and J. Simmonds2. 1Parametrix, Inc., Bellevue, WA
and 2Department of Natural Resources and Parks, King County, Seattle, WA.
Activity pattern surveys are useful tools for reducing uncertainty when defining exposure in a risk assessment. This report presents the results of two site-specific surveys that were used to quantify recreational activity and fish consumption patterns

along marine and freshwater shorelines of King County, Washington. Over 3000
unique respondents were interviewed for their recreational or fish consumption
preferences. Exposure distributions (e.g., event time and event frequency) were developed for fifteen unique recreational activities and for seafood consumption rates.
The mean consumption rates for consumers of marine fish and shellfish and freshwater fish were 32, 22, and 10 grams/day, respectively. Results indicate that the
consumption patterns of marine anglers from King County have remained consistent since the mid-1980s. Recreational activity and freshwater fish consumption information was previously unavailable for King County, WA and these surveys provided site-specific data for use in defining exposure. The survey results were
incorporated into the exposure models of risk assessments (marine and freshwater)
that were used in watershed planning activities in King County. In addition, the
freshwater fish consumption survey results have been incorporated into a fish consumption advisory for Lake Washington, Seattle. These results provide current
recreational and fish consumption exposure data for the general population living
in King County, WA.
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ESTIMATING SOURCE CONTRIBUTION INSIDE
SCHOOL BUSES

M. D. Easter1, R. Ireson2, L. Liu3, D. Lawson4, B. Zielinska5, J. Ondov6, C.
Weaver7, M. Davey3, C. Lapin8 and T. Hesterberg9. 1EnSIGHT, Walnut Creek,
CA, 2Air Quality Management Consulting, Greenbrae, CA, 3University of
Washington, Seattle, WA, 4National Renewable Energy Laboratory, Golden, Co.,
5
Desert Research Institute, Reno, NV, 6University of Maryland, Baltimore, MD,
7
Engine Fuel & Emissions Engineering, Inc., Rancho Cordova, CA, 8Lapin &
Associates, Los Angeles, CA and 9International Truck and Engine Corp., Chicago, IL.
Many studies identifying levels of diesel-related air pollutants inside school buses
have been reported, some claim to have been able to derive quantitative estimates of
“self-pollution”, i.e., source contribution from the engine powering the bus. Incabin exposure to crankcase emissions of lube-oil products released from road draft
tubes located inside the engine compartment (non-tail pipe emissions) have also
been reported. Reports of exposure to student passengers from source contribution
have resulted in heightened concern among parents, school officials, and regulatory
agencies. The reliability and accuracy of quantitative estimates of source contribution is dependent upon the approach and methodology employed to measure
source contribution.
To compare the results of prior source contribution studies, we conducted a study
using three distinct methodologies to measure source contribution in two school
buses operating on two school bus routes. Methods used in this study include an
explicit fuel-borne tracer (iridium); measured DPM-related constituents; and a
deuterated-alkane tracer placed into the lube oil. In addition to these methods, an
on-board dilution tunnel was used to collect exhaust samples to derive estimates of
DPM emission rates over an actual route. This study is unique in that it:
(1) Used three separate methods to evaluate potential source contribution inside
the same school bus;
(2) Will provide quantitative estimates of potential exposure to non-tailpipe
crankcase emissions; and
(3) Will estimate DPM source contribution based on actual on-road measurements
of DPM and crankcase emissions.
Samples are undergoing analyses and anticipated to be complete in January.
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PYRETHROIDS EXPOSURE IN THE CANADIAN
POPULATION: A CASE STUDY IN MONTREAL

M. C. Fortin1, M. Bouchard2, 1 and G. Carrier1. 1Environmental and Occupational
Health, Universite de Montréal, Montréal, QC, Canada and 2Institut national de
Santé publique du Quebec, Montréal, QC, Canada.
Pyrethroids are widely used in agriculture, horticulture, in and around the house
and for the treatment of head lice and fleas. The general population is therefore
ubiquitously exposed to those pesticides. The aim of the present study was to determine the extent of pyrethroid exposure in an urban and suburban population such
as that of the Montreal area through measurements of urinary metabolites. This
study was approved by the ethics board on human research of the Université de
Montréal. A total of 120 adults (43 males and 77 females) aged between 18-64 y.o.
and of 120 children (60 males and 60 females) aged between 6-12 y.o. were ramdomly recruited by phone by a survey company. Their admissibility was verified
and personal information was gathered. Adults were asked to provide a 24-h urine
collection and children a (more or less) 12-h collection. They were also asked to fill
out a questionnaire. The urines were kept in the refrigerator at all times by the participants and, once at the laboratory, frozen until the analysis. The urines were analyzed by HPLC-MS-MS for the following specific and semi-specific metabolites: 4fluoro-3-phenoxybenzoic acid, cis-3-(2,2-dibromovinyl)-2,2-dimethylcyclopropane
carboxylic acid, 3-phenoxybenzoic acid and cis and trans-3-(2,2-dichlorovinyl)-2,2dimethylcyclopropane carboxylic acid. Roughly 80% of adults and children com-

pleted the study. The percentile distribution and geometric mean of metabolite
concentrations were determined for each group. The results were similar to those
obtained by the CDC ranging from below the detection limit to 3.25 µg/L. Based
on the questionnaire data, the most common source of exposure appeared to be
contaminated food as all the other sources, including residential use, were rarely reported in the questionnaires. The present case study provides greater insights for
the management of pesticides exposure by Canadian public health authorities.
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ASSESSING EXPOSURE LEVELS OF CHILDREN TO
FLEA CONTROL INSECTICIDES (CHLORPYRIFOS,
TETRACHLORVINPHOS, AND PERMETHRIN) FROM
THE FUR OF DOGS

M. K. Davis, M. Russak, J. W. Tyler, J. S. Boone, M. K. Ross and J. E.
Chambers. Center for Environmental Health Sciences, Mississippi State University,
Mississippi State, MS.
Organophosphorus and pyrethroid insecticides have been extensively used for control of fleas and other pests on pets, leading to potential exposures of children. In
the present study, pet dogs were treated with over-the-counter collars containing
chlorpyrifos (CP) or tetrachlorvinphos (TCVP), or a spot treatment with permethrin (PER). Dislodgable insecticide residues were quantified on cotton gloves used
to pet the dogs for 5 minutes, and on cotton t-shirts worn by a child for a 4-hour
(average) period at selected time points after insecticide application. First morning
urine samples were also obtained from adults and children for metabolite quantification. Twenty-four dogs were used for the CP and TCVP treatments, and 15 dogs
were used for the PER treatment. Transferable residues for all compounds were
highest near the neck of the dogs and were lowest in areas most distant from the
neck. During a 5-minute rubbing on the third week after application, the average
amounts of CP and TCVP transferred from the fur of the neck (rubbing over the
collar) to a glove were 469 ± 83 and 12,957 ± 2029 mg/glove, respectively, and the
average amounts of CP and TCVP transferred from the fur of the back to a glove
were 8 ± 2 and 81 ± 26 mg/glove, respectively. The average amount of PER transferred to a glove from the fur of the neck (location of treatment) 4 hours post application was 44,746 ± 19,314 mg/glove while the average amount transferred at
14 days post application was 991 ± 299 mg/glove. T-shirts worn by the child for 4
hours (average) on the day following application showed levels in ng/g shirt of 156
± 83, 1678 ± 892, and 8297 ± 3421 for CP, TCVP, and PER, respectively. There
were no significant differences between adults and children in the levels of urinary
metabolites of CP; however, children typically had somewhat higher urinary levels
of metabolites than adults. (Supported by EPA R828017)
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DDE LEVELS BEFORE AND DURING HUMAN
PREGNANCY: A LONGITUDINAL STUDY

S. J. Rothenberg1, 2, L. Torres Sanchez1, M. E. Cebrián2, C. del Rio Garcia1, R.
Garcia Hernandez1 and L. Lopez Carrillo1. 1Instituto Nacional de Salud Publica,
Cuernavaca, Morelos, Mexico and 2CINVESTAV, DF and Merida, Mexico.
Background: p,p’-DDE (DDE) is a toxic metabolite of the insecticide DDT, persisting in soil and fatty tissue, and long outlasting active use. Mexico prohibited
DDT in 1998 after decades of use. Some studies show DDE in pregnant women or
in maternal milk damages child development.
Objective: Develop models describing change in maternal DDE from before pregnancy through the third trimester to estimate timing and sources that could influence fetal exposure. Methods: We recruited non-pregnant women planning pregnancy from one urban and three farming areas in Morelos State, Mexico during
legally-required prenuptial counseling after they signed an IRB-approved informed
consent. We analyzed blood from the pre-nuptial session and from each trimester of
pregnancy for wet basis of serum DDE and p,p’-DDT by electron capture gas-liquid chromatography. Questionnaires assessed sociodemographic data, dietary
habits, and changes in maternal weight before and during pregnancy. We modeled
change in DDE over the four time periods using mixed models. Results:297
women supplied data. Geometric mean DDE was 11.1 ppb (range: 0.05– 185.1).
Only one DDE sample was found at the detection limit. 757 DDT samples from
the same women were measured at the detection limit (0.005 ppb). Third trimester
DDE was up to 20% higher (p<0.04) than in prior phases. Urban women had up
to 1.2 times less DDE (p<0.0005) than women in farming areas. Women with
prior breast-feeding history had 45% lower DDE than women without. Each doubling of age and weight was associated with a 63% (p=0.001) increase and a 55%
decrease (p=0.003) in DDE, respectively, through all phases. Self-reported diet was
not significantly related to DDE. Conclusions: Measurable levels of DDE remain
in pregnant women years after DDT use stopped. Older women living in agricultural areas have higher levels, especially during the third trimester. Diet may no
longer be a source of DDT residues in this population, though this apparent absence requires continued vigilance.
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DETERMINATION OF PRESENT AND FUTURE BODY
BURDENS OF POLYCHLORINATED BIPHENYLS IN
CANADIANS

N. H. Gosselin1, M. Bouchard1, 3, N. El Majidi1, D. Shoen2 and G. Carrier1.
1
Environmental and Occupational Health, University of Montréal, Montréal, QC,
Canada, 2Health Canada, Longueuil, QC, Canada and 3Institut national de Santé
publique du Quebec, Montréal, QC, Canada.
Some epidemiological studies indicate an association between levels of polychlorinated biphenyls (PCBs) in biological matrices and health effects. Despite a substantial decline in environmental PCB contamination since their banning, PCBs remain detectable in biological matrices given their strong propensity to
bioaccumulate. This study aimed at estimating, with a kinetic model, present and
future PCB body burdens of Canadians, hence future health risks, based on biomarker levels recently measured and on the past and present PCB intakes. To simulate the time-profiles of PCB body burden, expressed as the concentration of total
PCBs in lipids (µg/kg), the following determinants were considered in the kinetic
model: 1) varying elimination half-life according to congeners chemical structure
(number and positions of chlorine atoms), 2) proportion of each group of congeners in the environment at the time of exposure and 3) varying body weights and
fraction of adipose tissues as a function of age and gender. Also, the simulated exposure scenarios were based on PCB dietary intakes proposed by Health Canada,
which vary with the years and age groups. The future body burdens were simulated
using current PCB intakes together with mean PCB levels observed recently in maternal milk of Canadian mothers. The simulations showed that PCB body burdens
of Canadians, and consequently the associated health risks, will decrease significantly in the years to come. For example, a 30 year-old man with a PCB concentration of 250 µg/kg in 2000 should present levels 3 times lower in 2020. Of course,
the body burden of an individual will increase after birth but will be never reach the
ones measured recently. The breastfeeding period also has a strong bearing on PCB
body burden during early life-stage; a newborn breastfed for a period of 6 months
in 2005 will reach, at the age of 10 year-old, PCB levels around 75 µg/kg, compared to 35 µg/kg in a non-breastfed child.
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COMPARATIVE STUDY ON PERSISTENT ORGANIC
POLLUTANTS CONTAMINATION IN HUMAN MILK IN
HEBEI PROVINCE, CHINA AND TOKYO, JAPAN

F. Kayama1, S. Sun1, 2, J. Zhao1, 2, H. Horiguchi1, H. Uno1, T. Iida3, H.
Fukatu4, M. Nakamura5 and G. Clark6. 1Center for Community Medicine, Jichi
Medical University, Kawachi-Gun, Tochigi, Japan, 2School of Public Health, Hebei
Medical University, Shijiazhuang, China, 3Fukuoka Institute of Health &
Environmental Sciences, Fukuoka, Japan, 4SRL Inc., Tachikawa, Tokyo, Japan,
5
Hiyoshi Corporation, Ohmi-Hachiman, Japan and 6Xenobiotic Detection System
International Inc., Durham, NC.
Very limited information is available on body burdens and environmental levels of
POPs, dioxins and dioxin-like PCBs (dl-PCBs) in mainland China. In the current
studies, human milk samples were collected from 30 breastfeeding mothers in
Shijiazhuang city (industrialized) and 11 in the Tanshan countryside (agricultural)
of Hebei Province in northern China. An additional 20 samples were obtained
from mothers in Tokyo. POPS such as p,p-dichlorodiphenyldichloroethylene (p,p’DDE), hexachlorobenzene (HCB), beta-hexachlorocyclohexane (beta-HCH), and
dioxins. PCDDs, PCDFs, and dl-PCBs in human milk were analyzed by
HRGC/HRMS. Our results show that residual p,p’DDE, Beta HCH and HCB in
human milk were higher in urban area than in rual area. Arithmetic means for body
burdens of PCDDs/Fs and dl-PCBs in Hebei were 3.6 and 1.9 pg TEQ g-1 fat, respectively, which were only about one fourth of the levels in Japan. In addition, no
difference was found in the chemical levels except dl-PCBs between the urban and
rural areas. Based on the results of an in-person interview of the Chinese mothers
using a 59-item questionnaire, freshwater fish consumption was found to correlate
with the body burden of dioxins. Principal component analysis of dioxin congeners
revealed that the patterns of dioxins in the Hebei urban and rural areas are quite
similar; however, they are clearly different from those in Japan. Collectively, our results suggest that the lower body burdens of dioxin in Hebei may be due in part to
the relatively slow industrialization and a lower consumption of marine foods.
Finally, the results indicate that comprehensive monitoring of dioxins and dl-PCBs
in humans as well as in the environment and foods is necessary in China
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PAINTING AND ACUTE LEUKEMIA: AN EVIDENCEBASED CAUSATION ANALYSIS

J. K. Britt1, N. C. Halmes2 and R. C. James1, 2. 1TERRA, Inc., Tallahassee, FL and
2
TERRA, Inc., Denver, CO.
A meta-analysis of leukemia and painting conducted by Chen and Seaton (Cancer
Detect. Prev., 22:533-539, 1998) concluded that painting exposure is associated
with leukemia. They further suggested that benzene, a known human carcinogen,
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and possible contaminant in paints and solvents, is the responsible agent. However,
there are additional new cohort studies as well as updates of previously published
painters’ cohorts that were not taken into account by Chen and Seaton (1998).
Accordingly, we carried out a systematic review to address the question of whether
the occupation of painting can be said to be a known cause of leukemia. In accordance with the principles of Evidence-based toxicology (Guzelian et al., Hum. Exp.
Toxicol., 24:161-201, 2005) we reviewed the evidence with respect to the issue of
whether the occupation of painting is known to be a cause of acute leukemia. We
conducted a comprehensive literature search and identified 17 cohort studies, 11
case-control studies, and 18 registry-based studies that involved painting and/or
painters. We also contacted authors to obtain specific information and performed
hand-searching, which disclosed unpublished data. We assembled studies which
met the pre-defined inclusion criteria, ranked them according to study design, and
then rated them based on strengths and weaknesses of their methodology. Finally,
we evaluated the results of this appraisal for causality measured against the Bradford
Hill criteria. Even without the consideration of study design or study strengths and
weaknesses, the criteria of strength and consistency are not fulfilled. Both the studies that we rated as strongest, and the evidence as a whole, fail to meet the requirements for causality. Overall, the criteria of strength, coherence, specificity, consistency, and dose-response are not fulfilled, and the criterion of biologic plausibility is
fulfilled only if dose (i.e., solvents contain low levels of benzene) is not considered.
Our Evidence-based analysis establishes that there is sufficient evidence to conclude
that painting is not a cause of acute leukemia.
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ANDROGEN LEVELS MAY NOT MEDIATE THE
ASSOCIATION BETWEEN CURRENT ALCOHOL USE
AND HOT FLASHES IN MIDLIFE WOMEN

C. Schilling1, L. Gallicchio2, S. Miller3, L. M. Lewis1, H. Zacur3 and J. A.
Flaws1. 1Department of Epidemiology and Preventive Medicine, University of
Maryland, Baltimore, MD, 2Department of Epidemiology, Johns Hopkins University,
Baltimore, MD and 3Department of Gynecology and Obstetrics, Johns Hopkins
University, Baltimore, MD.
Little is known about the etiology of hot flashes, though millions of women experience hot flashes each year during their transition to menopause. We have previously
shown that current alcohol use reduces the risk of frequent and severe hot flashes in
midlife women and that this association is not mediated by estrogen levels. The
purpose of this study was to examine the relation between current alcohol use, androgen levels, and hot flashes in midlife women using a case-control study design.
Cases were midlife women who reported ever experiencing hot flashes (n=362).
Controls were midlife women who reported never experiencing hot flashes
(n=264). Each participant completed a questionnaire and provided a blood sample
that was used to measure androgen levels (androstenedione and testosterone) by enzyme-linked immunosorbent assay. The results indicate that current alcohol users
had lower odds than non-users of experiencing any hot flashes (odds ratio (OR):
0.66, 95% confidence interval (CI): 0.45, 0.96), independent of age, race, obesity,
and smoking habits. When androstenedione or testosterone levels were added to
the model, the odds of experiencing any hot flashes were unchanged (OR: 0.66,
95% CI: 0.45, 0.97). In addition, current alcohol users had similar levels of androstenedione (geometric mean: users 2.04±0.10 ng/ml, non-users 2.01±0.19
ng/ml; p<0.7) and testosterone (geometric mean: users 0.47±0.03 ng/ml, non-users
0.51±0.11 ng/ml; p<0.5) compared to non-users of alcohol. These data suggest that
current alcohol use is associated with a reduced risk of hot flashes in midlife women
by a mechanism that may not include changes in androgen levels. Supported by
NIH Grant AG18400 and a grant from the Women’s Health Research Group at the
University of Maryland.
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EXACERBATION OF VIRAL HEPATITIS IN
WORKPLACES -IN RELATION TO CHEMICAL
EXPOSURE-

T. Kawamoto, R. Narai, T. Oyama, T. Isse, T. Kinaga, M. Ogawa, T.
Yamaguchi, T. Murakami and Y. Yashima. Department of Environmental Health,
University of Occupational and Environmental Health, Kitakyushu, Japan.
Exacerbation of viral hepatitis was studied in relation to engagement in harmful
works, especially, works handling organic solvents and other hepatotoxic substances. Around three million Japanese are persistently infected with hepatitis B
virus (HBV) or C virus (HVC). Although it is assumed that many of them are engaged in harmful works, little is known to about the actual conditions in their
workplaces. Three kinds of questionnaire surveys were carried out. In
Questionnaire I, occupational physicians answered questions about occupational
health management in 100 workplaces. In Questionnaire II, questions about actual
conditions of 407 workers with HBV or HCV (hepatitis workers) were answered by
occupational physicians. In Questionnaire III, 116 hepatitis workers answered
questions about their actual condition in their workplaces for themselves. The rates
of workers recognized as workers with viral hepatitis by occupational physicians

were 0.82% and 0.48% of 130,092 workers, respectively. About 30% of them are
engaged in the “harmful works”. The percentage of workers engaged in organic solvents handling jobs among hepatitis workers was nearly the same as that among all
Japanese workers. About 30% of occupational physicians experienced exacerbation
of hepatitis in the workers in their workplaces, and 23 % of the hepatitis workers
experienced their exacerbation of hepatitis. As causes of exacerbation, occupational
physicians answered “unknown”, “drinking” and “quit treatment” while workers
with hepatitis answered “work-related causes”, besides “unknown” and “drinking”.
Serum transpeptidase activities (AST, ALT and GGT) of hepatitis workers exposed
organic solvents were higher than those of unexposed hepatitis workers. It is important to clarify exacerbation risk of each kind of work, especially chemical exposure.
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EPIDEMIOLOGICAL DATA SUGGEST THAT ARSENIC
HAS A THRESHOLD FOR HUMAN CANCERS
S. H. Lamm1, 2, 3, D. M. Byrd4, C. Penn2, A. Engel1, R. Chen3 and M.
Feinleib2. 1Consultants in Epidemiology and Occupational Health, LLC.,
Washington, DC, 2Johns Hopkins University-Bloomberg School of Public Health,
Baltimore, MD, 3Georgetown University Graduate School and School of Medicine,
Washington, DC and 4Consultants in Toxicology, Risk Assessment, and Product Safety,
McLean, VA.
Mortality from bladder cancer in the Blackfoot-disease endemic areas of SW
Taiwan fits a linear non-threshold (LNT) model when the entire data set is used
(Byrd et al., 1996). However, within the study, the bladder cancer risk has been
shown to be quite variable by township (Chen et al., 1985). Three of six townships
show in a new analysis evidence of a bladder cancer mortality risk that is independent of arsenic levels. Analysis of data from the three other townships shows a linear
dose-response relationship between bladder cancer mortality and median village
well water arsenic level with an apparent threshold or discontinuity at 84 ppb in
drinking water for each sex. Removal of the influence of a confounder from the
data analysis has revealed an underlying risk structure in the ecological study. This
fit is consistent with a previous demonstration of the ecological data on skin cancer
and arsenic levels showing a fit to a model with a threshold at 100 ppb (Byrd et al.,
1996). Further, the epidemiological study on skin cancer and arsenic levels from
Inner Mongolia, China, showed a threshold at 122 ppb (Tucker et al., 2001). The
consistency of human data on arsenic exposure and specific cancers fitting a threshold model provides support for a variety of toxicological hypotheses about the
mechanism of cancer induction by arsenic.
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COMPARATIVE EVALUATION OF TWO APPROACHES
FOR THE DETERMINATION OF METHYLMERCURY
AND SELENIUM STATUS: FOOD FREQUENCY
QUESTIONNAIRE AND TOXICOKINETIC MODELING
N. Noisel1, M. Bouchard2, 1, M. Plante3 and G. Carrier1. 1Environmental and
Occupational Health, Universite de Montréal, Montréal, QC, Canada, 2Institut
National de Santé Publique du Quebec, Montréal, QC, Canada and 3Health and
Safety Department, Hydro-Quebec, Montréal, QC, Canada.
Methylmercury (MeHg) is a neurotoxic chemical which enters the human body
through fish consumption. Selenium (Se) is an essential trace element within certain limits, which should not be exceeded. Se is also present in fish but is found in
other sources as well. It is of interest to assess exposure and precisely determine daily
intakes of MeHg and Se in populations. For this reason, the status of MeHg and Se
was studied in a group of 22 fishermen volunteers from Northern Quebec. Blood
and hair samples were first analyzed to determined MeHg and Se biological concentrations. Mean hair MeHg concentrations (± CI95) were 1.53 ± 0.48 µg/g, with
a maximum at 4.7 µg/g. Serum Se concentrations were within a safe range for all
the subjects (mean value of 125.56 ± 4.80 µg/l) and in good agreement with previously published data for this geographical area. The MeHg and Se daily intakes
through fish consumption were then estimated in two ways: a food frequency questionnaire (FFQ) and a toxicokinetic model that allows reconstructions of intakes
based on biological concentrations. The mean daily intakes of MeHg and Se determined from the FFQ were 38.09 and 13.83 µg/d, respectively, as compared to 6.40
and 3.57 µg/d predicted by the model. No correlation was found between the two
methods (R2 = 0.0065). FFQ predictions were generally higher by a factor of up to
6. This study suggests that the FFQ overestimates the true dietary intakes and entails some inconsistencies with the biological measurements.

871

DEVELOPMENT OF A NONINVASIVE
IMMUNOAFFINITY BASED ASSAY TO PRESCREEN
POPULATIONS EXPOSED TO DIETARY AFLATOXINS
N. A. Malek, H. J. Huebner, E. Afriyie-Gyawu, J. F. Taylor, B. Dash and T. D.
Phillips. College of Veterinary Medicine, Texas A&M University, College Station, TX.
Ingestion of dietary aflatoxins (AFs) poses a major problem in many tropical and
sub-tropical countries which lack adequate food security and regulation. The most
accurate biomarker of chronic AF exposure is the AF-albumin adduct from blood.
This method is commonly used to screen high-risk populations but is not field prac-

tical for developing countries. There is a need for rapid tests to screen large numbers
of subjects frequently exposed to dietary AFs for both intervention and ongoing
surveillance. Thus, the objectives of this study were to develop an immunoaffinitybased prescreening method for quantifying AF in human urine. The cleanup procedure involves a 1:1 dilution of filtered urine with 0.1M sodium acetate, pH 5. Test
samples are passed through VICAM Aflatest™ WB immunoaffinity columns (1
drop/sec.) followed by sequential washing steps of 0.1% Tween-PBS and deionized
H20. AFM1 (or total AF metabolites) are eluted from the column with 1.0 mL
methanol and treated with bromine developer. Column eluates are measured for
fluoresence intensity using a VICAM Series-4 fluorometer. Calibration curves for
AFM1 were linear over the tested range of 1-100 ng (r2 = 0.995) for the instrument.
Spike recovery studies were designed to model observed AFM1 levels in urine samples collected from humans in Ghana, Africa (0.01-17.0 ng AFM1/mL). Aliquots
(20.0 mL) of pooled human urine were spiked with an authentic standard of AFM1
stock solution at concentrations of 5.0, 1.0, 0.5 and 0.1 ng/mL. Concentrations of
AFM1 spike solutions were verified with UV/visible spectrophotometry (λ=328
nm; ε=18,815). Results showed that AFM1 recoveries from urine exhibited linear
trends that correlated well with the range of spike levels (r2 = 0.967) with average recoveries ranging from 90-107%. Studies are ongoing to confirm the accuracy and
precision of the protocol based on AF-albumin adducts in the blood from human
subjects (NIEHS P42 ES04917, USAID LAG-G-00-96-90013-00).
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OCCUPATIONAL EXPOSURE TO NITROUS OXIDE,
ISOFLURANE, AND SEVOFLURANE IN OPERATING
THEATRES AT ENKÖPINGS HOSPITAL SWEDEN
B. Sahlberg and H. Anundi. Department of Occupational and Environmental
Medicine, Uppsala, Sweden.
Personnel working in hospital operating theatres are often exposed to anaesthetic
gases. Studies have associated numerous health effects with the exposure of waste
anaesthetic agents. These include increased risk of spontaneous abortion to females
exposed to anaesthetic gases in hospitals with incidence 1.5 - 2 times greater than in
unexposed females. Surveys have also shown a possible relationship between occupational health exposure of hospital operating theatre personnel to anaesthetic gases
and the onset of toxic symptoms or mutagenic risks. For this reason the personnel
was anxious to know the level of anaesthetic gases in the operating theatres.
The objective of this study was to determine the exposure level of anaesthetic gases
for health care personnel working in an operating theatre.
Measurement of anaesthetic gases was preformed during surgical operations such as
aural, stomach and bone fractures. Personnel sampling equipment was carried by
the physician and the nurse anaesthetists. All anaesthetic gases were sampled by
pumped sampling on adsorbent tubes. Temperature, carbon dioxide (CO2) and air
humidity was also measured in the operating theatre. The temperature in the operating theatres range from 20°- 23° C, CO2 range from 337-455 ppm and the air
humidity range from 16-23%.
The concentration of nitrous oxide (N2O) was <3.65-25.91 mg/m3. This corresponds to an 8-hour time weighted average (TWA) of <0.52-6.19 mg/m3. The
concentration of isoflurane was below the detection limit of 0.01 mg/sample,
which corresponds to <0.1 mg/m3. Sevoflurane had a concentration of <1.7-11.0
mg/m3, with 8-h TWA of <1.2-2.1 mg/m3. All of these TWA-values were well
below the Swedish occupational exposure level, which are 180 mg/m3 for N2O and
80 mg/m3 for each of the other substances. As a conclusion, the low concentrations
of anaesthetic gases are probably due to skilful handling and ventilation with local
exhaust.
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PROTECTIVE CLOTHING MATERIAL PERMEABILITY
TO CREOSOTE
D. Hooton1 and J. H. Butala2. 1Midwest Research Institute, Kansas City, MO and
2
Toxicology Consultants, Inc., Gibsonia, PA.
Creosote is a coal tar-derived complex mixture used to pressure treat wood. The
objective of the study was to measure the amount and rate of creosote permeation
on a component level through representative types of materials used in various personal protective equipment. Creosote used in this testing conformed to American
Wood Preservers Association Standards for P1/P13 creosote. Testing was based on
ASTM Method F 739-99a, Standard Test Method for Resistance of Protective
Clothing Materials to Permeation by Liquids or Gases Under Conditions of
Continuous Contact. This method employs glass test cells in which pieces of test
fabric about 50 cm2 are held between halves of the cell. Creosote was introduced
into the donor chamber and samples were collected from the sampling chamber of
the cells. Permeation was assessed by measuring 11 creosote components which
bracketed the molecular weight range for creosote and for which certified analytical
standards were available. Materials of varying thickness and weight from ten glove,
boot or coverall PPE samples were tested. The materials included rubber, polyvinyl
chloride (PVC), neoprene, polyvinyl alcohol (PVA), Tyvek and polyolefin. GC/MS
analysis of permeation samples was used to quantitate creosote. The limit of creosote quantitation was 0.25 µg/cm2. Permeation was calculated from the sum of 11
target creosote analytes compared to the theoretic concentrations normalized to
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whole creosote. The point at which permeation occurred varied by type and thickness of material. Based on results from this immersion study creosote would be expected to permeate each material tested ranging in time from immediately to between 8 and 12 hours.
This work was supported by the Creosote Council III.
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IMPAIRED WOUND HEALING BY EXPOSURE OF
DIFFERENT MAINSTREAM WHOLE SMOKE
SOLUTIONS OF COMMERCIAL CIGARETTES
S. Ejaz1, 2, 3, I. Chekarova1, 2, 3 and C. Lim1, 2, 3. 1Department of Pathology, Biosafety
Research Institute, Chonbuk National University, Jeonju, Jeonju, South Korea,
2
Department of Pathology, Chonbuk National University, Jeonju, Jeonju, South Korea
and 3Department of Pathology, Chonbuk National University, Jeonju, Jeonju, South
Korea. Sponsor: C. Lim.
Cigarette smoke has been shown to potentiate wound damage and ulcer healing.
The chicken dorsum excisional wound assay was used to elucidate the diverse deleterious effects of different mainstream whole smoke solutions (MSWSS) on the
fundamental processes of wound healing, including wound closure, re-epithelialization, dermal matrix regeneration and angiogenesis. Gross, histopathology, SEM
and computer based 3D image probing techniques were utilized to quantify different effects of MSWSS on wound healing. A total of 160 chicks, aged 1 week, divided in eight groups were exposed to MSWSS with different nicotine concentration: 0.2 mg (group A), 0.3 mg (group B), 0.5 mg (group C), 0.6 mg (group D),
0.7 mg (group E), 1mg (group F), Skin lotion (group G) and control (group H).
Different patterns ranging from moderate to incomplete wound closure and very
highly significant reduction (P < 0.001) in wound closure was observed among all
MSWSS treated groups at day 8 post-wounding. Histological investigations revealed significantly impede outcome in re-epithelialization of all MSWSS exposed
wounds. Delayed dermal matrix regeneration and maturation of collagen bundles
were observed among all MSWSS treated wounds. Similar results were achieved
through SEM of treated wounds. Image probing analysis unveiled the scanty neovascularization among MSWSS treated wounds. Abbot curve, angular spectrum
and different parameters of 3D surface topographies of wounds revealed very highly
significant reduction (P<0.001) in angiogenesis among all MSWSS treated groups.
No significant change was observed among control and skin lotion treated groups.
These annotations validate the damaging effects of MSWSS on the treatment of
wounds.
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DISTRIBUTIONAL CONTROLS ON NON-LINEAR
DOSE-RESPONSE RELATIONSHIPS
T. S. Bowers and B. D. Beck. Gradient Corporation, Cambridge, MA.
Recent literature (e.g. Canfield et al., 2003 and Lanphear et al., 2005) has suggested the existence of a supra-linear dose-response relationship between environmental measures such as blood lead concentrations and IQ. We explore the mathematical requirements placed on such dose-response relationships when the
environmental measure, or independent variable, is lognormally distributed and
the effect, or dependent variable, is normally distributed. For this analysis, we assume that a correlation exists between increases in blood lead concentrations and
decreases in IQ, without regard to the existence or direction of any cause-and-effect, and without regard to the magnitude of the correlation. We present the doseresponse relationships that result from these assumptions graphically for lognormal
and normal distributions with a range of distributional parameters. Results of the
analyses show that a supra-linear slope is a required outcome of correlations between data distributions where one is lognormally distributed and the other is normally distributed, and that the extent of the supra-linearity is a function of the parameters of the distributions (e.g. geometric standard deviation). The supra-linear
dose-response relationships that are seen between blood lead concentration and IQ
are expected to be observed for other environmental contaminants that are correlated with IQ as well. The analysis shows that caution should be taken in assigning
biological significance to supra-linear dose-response relationships in some instances, and that consistency of findings among numerous epidemiological studies
is an insufficient basis for concluding that the finding is of biological significance,
as all studies share a common alternative explanation. However, detailed analyses of
such datasets should be conducted to determine if the magnitude of supra-linear
slopes is more or less than mathematically required, and from there to consider implications for biological significance.

876

USE OF INTERNET-BASED SURVEYS TO ACCESS
GLOBAL OCCUPATIONAL EXPOSURE DATA
D. MacNair2, J. Schell1, J. Glenn2 and D. Tollerud3. 1BBL Sciences, Houston,
TX, 2Triangle Economic Research, Durham, NC and 3University of Louisville,
Louisville, KY.
We were interested in evaluating the extent of exposure data available on workers
engaged in an industry with a global presence. Assessing whether sufficient, high
quality information exists for determining potential long term worker health risks
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can be a time-consuming and expensive process. An internet-based survey was developed for participation by environmental managers from 63 facilities representing
6 different companies located in 20 countries on 5 continents. The survey was developed by a team of epidemiologists, occupational physicians, and survey specialists. The survey collected information about facility production processes, potentially exposed worker populations, and employment and health records from 1920
to the present. For each type of information and specific time periods, the respondents indicated the existence and accessibility of the current and historical data.
The survey achieved a global response rate of approximately 95 percent, which provides a high level of confidence that the survey results will be representative of the
population of facilities.
The scoring system was developed to identify the facilities that were most likely to
provide high quality data on large numbers of potentially exposed workers; these
were designated “high yield facilities” (HYFs). To construct the data score, a priori,
we identified the factors that are most important for conducting a health study, and
developed a weight for each of these factors. Each facility was assigned “Points”
based on the existence and ability to retrieve the information over distinct time periods. After constructing the score, we reviewed the distribution of scores and identified potential cut-off points for high, medium, low data facilities.
Using this approach, a subset of the 63 responding facilities were identified as
HYFs. Based on the developed methodology, these HYFs are prioritized as those
that provide a defined cohort suitable for future epidemiological study.
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DNA CHIP-BASED GENE EXPRESSION PROFILE
DIFFERENCES BETWEEN SPECIES BY ORAL
ADMINISTRATION OF TRICHLOROETHYLENE

N. Yoshioka, Y. Sano, H. Nakashima, N. Etoh, Y. Nishiwaki, T. Takebayashi
and K. Omae. Preventive Medicine and Public Health, School of Medicine, Keio
University., Tokyo, Japan. Sponsor: M. Chiba.
Scope of the study: When we extrapolate data obtained from laboratory animals to
human, we face the problem of species differences. The purpose of this study is to
explore method for evaluation this species difference by using toxicogenomics.
Experimental procedure:
Eight-week-old B6C3F1 mice and SD rats were administered 1500mg/kgBW TCE
(trichloroethylene) (n=4) or corn oil (n=4) once or every 24h for 2 weeks by oral
gavage. The liver tissue were collected 18h after the last dosage. mRNA were extracted from the liver and were hybridized to Affimatrix GeneChip. The statistically
significant changed genes by TCE exopure were selected by Bayesian method and
Gene Ontology guided analysis was performed against to those selected genes. We
also performed histological examination according to the mode of action of peroxisome proliferators. Results: We identified 527 and 241 genes in mice, 184 and 255
genes in rats which were significant changed in single dosage and repeated dosage
studies, respectively. We found genes changed in only mice or rats or in both. For
example, genes associated with fatty acid metabolism, acute-phase response, and
circadian regulation were commonly changed in both of species. Negative regulation of cytokine production, interphase of mitotic cell cycle, and anti-apoptosis
genes were specifically observed only in mice. Genes associated with ribosome biogenesis was specifically occurred in rat. Electorn microscopy analysis of peroxisome
proliferation was observed in the repeated dosage study in mice more than rats.
Immunohistochemical analysis of cells proliferation were observed only in the repeated dose study in mice. These histological results support the results of
DNAchip.
Conclusion: We identified genes which are common, difference or similarity of biological response to TCE exposure between mouse and rat. Those species specific
and common responsive genes will contribute the choices of which species should
be used for extrapolation to human risk assessment of TCE.
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INDOOR EXPOSURES AND RISK OF ASTHMA AND
ALLERGY: A SYSTEMATIC AND CRITICAL REVIEW

M. Lovik1, 2, J. V. Bakke3, 4, K. H. Carlsen5, 8, J. A. Jensen2, K. I. Myhre6, 7, P.
Nafstad8, 9, E. Omenaas3, 10, T. F. Wisloff6 and I. N. Norderhaug6. 1Division of
Environmental Medicine, Norwegian Institute of Public Health, Oslo, Norway,
2
Faculty of Medicine, NTNU, Trondheim, Norway, 3University of Bergen, Bergen,
Norway, 4Norwegian Labour Inspection Authority, Gjoevik, Norway, 5Voksentoppen
BKL, National Hospital (Rikshospitalet), Oslo, Norway, 6Norwegian Health Services
Research Centre, Oslo, Norway, 7Clinic for Allergy and Pulmonary Diseases, Oslo,
Norway, 8University of Oslo, Oslo, Norway, 9Norwegian Institute of Public Health,
Oslo, Norway and 10Haukeland University Hospital, Bergen, Norway. Sponsor: E.
Dybing.
Systematic reviews have been implemented as the gold standard to assess health care
interventions, but have less often been applied when assessing the association between environmental exposures and health outcomes. We performed a systematic
review of observational studies and indoor exposure intervention studies to assess

the evidence for an association between indoor exposures and asthma and allergy.
Medline and Embase were searched for relevant publications (1966 - 2005) by
combining terms for exposures, indoor locations and appropriate health outcomes.
Literature was reviewed according to Health Technology Assessment principles.
Data when found suitable were extracted and combined in meta-analyses. The literature search yielded 11,641 publications, 2,175 abstracts were reviewed and
1,080 publications retrieved for full text assessment. Studies with a randomised,
controlled, cohort or case-control design that provided both exposure data and
health effect data were included. In the final assessment 362 relevant publications
were included: 169 on allergen exposure, 141 on environmental tobacco smoke exposure, and 95 studies on dampness or chemical exposures. Environmental tobacco
smoke and dampness and mould were found to be associated with increased risk of
asthmatic symptoms, anti-mite interventions seemed to provide little benefit (preliminary), and pet exposure seemed to have little effect (preliminary). The publications were heterogeneous and often difficult to combine. Many studies were too
small and had obvious methodological weaknesses.
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INCORPORATING HAZARD IDENTIFICATION AND
RISK ASSESSMENT INTO AN OCCUPATIONAL HEALTH
AND SAFETY PROGRAM FOR ANIMAL RESEARCH

L. M. Milchak and D. C. Rothbauer. Environmental Health and Safety, University
of Pittsburgh, Pittsburgh, PA.
Assessing risks to personnel involved with chemical exposure studies in animals and
effectively communicating warning and safety information are critical components
of an occupational health and safety program. In 2003, the University of Pittsburgh
Department of Environmental Health and Safety (EHS) initiated internal development of a system to integrate investigator registration, hazard identification and risk
communication. The system utilizes an EHS registration workbook to gather information about chemicals or drugs proposed for use. The workbook is a Microsoft
Excel© spreadsheet completed in conjunction with an Institutional Animal Care
and Use Committee (IACUC) protocol application. EHS identifies the chemical
hazards and the risks associated with usage on each project, including dose, exposure route, size/length of study and potential for excretion of hazardous metabolites. EHS prepares a risk assessment document summarizing the hazards and providing recommendations for conducting the project safely, including engineering
controls, personal protective equipment, work practices, signage/labeling, and bedding/waste disposal. EHS created a database to store the imported registration information, automatically populate sections of the risk assessment, and contain a
standard phrase library for each chemical to ensure consistency in the warning
statements and safety recommendations. The risk assessment also covers the use of
biological materials and physical hazards, and identifies medical surveillance and
training requirements for personnel. Since January 2004, EHS has prepared more
than 800 risk assessments for IACUC protocols covering over 870 hazardous chemicals and drugs. The integrated system has proven to be very efficient for collecting
information on large numbers of protocols and the risk assessment has been an excellent tool for communicating hazard warnings and safety recommendations to
the investigator and laboratory and animal care staff, while also ensuring compliance with medical surveillance and training requirements.

880

PROCESSES TO MINIMIZE GENOTOXIC IMPURITIES
IN PRODUCTION OF A NEW DRUG SUBSTANCE

J. P. Bercu, C. M. Callis, J. M. Fiori and R. D. Meyerhoff. Toxicology and Drug
Disposition, Lilly Research Laboratories, a Division of Eli Lilly and Company,
Greenfield, IN.
This report describes the process used by Eli Lilly and Company to minimize genotoxic impurities in production of a new drug substance. The report also quantifies
the risks of exposure to these trace impurities. The upper limit is determined by
safety, while production process controls and analytical detection procedures can
result in lower levels. Safety evaluations limit impurities to a threshold for de minimis effects (e.g. threshold of toxicological concern - TTC). There is a high probability that a 10-5 cancer risk will not be exceeded if exposure to the genotoxic impurity is no more than the TTC. This probability is improved if chemicals with
structural similarities to the most highly potent genotoxic carcinogens are avoided.
Our results show there is a low probability that multiple genotoxic impurities each
controlled to the TTC would result in a significant increase in cancer risk. The
TTC protects for almost all of the genotoxic compounds that could be carcinogens.
Our results show oncogenicity studies with the drug substance could detect 7-26%
of the most potent carcinogenic impurities not controlled by the TTC. Therefore,
avoiding production chemicals with structural similarities to the most potent genotoxic carcinogens, controlling other genotoxic impurities to the TTC, and completing oncogenicity studies with the drug substance are important processes to minimize the risk from exposure to trace levels of genotoxic production chemicals that
might carry through to the drug substance.
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A DECISION TREE INCORPORATING VAPOR
INTRUSION INTO SCREENING RISK ASSESSMENTS OF
HAZARDOUS WASTE SITES

P. Wong-Yim, L. A. Sarmiento, M. J. Wade and B. K. Davis. Department of Toxic
Substances Control, California Environmental Protection Agency, Sacramento, CA.
Over the last decade, California has evolved a process for screening level risk assessments at Federal Facilities, using US EPA Region 9 Preliminary Remedial Goals
(PRGs) supplemented with CAL-modified PRGs reflecting California-derived toxicity criteria where appropriate. With increasing recognition of the importance of
vapor intrusion into indoor air, we developed a decision tree approach to incorporate that exposure pathway. The Decision Tree accounts for contaminants in soil
(ingestion, dermal absorption, inhalation of particles and vapors) and groundwater
(ingestion and inhalation of vapors). Vapor intrusion is estimated on a site-specific
basis using the Johnson and Ettinger model. Potential migration of contaminants
from soil to groundwater can be estimated using US EPA soil screening levels. The
utility of the Decision Tree approach was demonstrated at two test Sites. At both
sites, the use of PRGs alone led to the conclusion that risks are minimal and the site
could be eliminated as a concern. Risk assessment of all exposure pathways, including vapor intrusion into indoor air, yielded incremental risk estimates of 2E-3 for
Site A and 4E-4 for Site B. Most (100% at Site A and 95% at Site B) of the risk estimate was from the vapor intrusion pathway. The Decision Tree approach is flexible, cost- and time-effective, and accounts for the vapor intrusion pathway. It evaluates total, incremental and background risks for both residential and industrial
scenarios. The approach also provides a transition to a more site-specific (baseline)
evaluation when a site does not meet the requirements for a screening level assessment. Additional pathways, such as home-grown produce consumption, may necessitate a baseline risk assessment. If ecological receptors need to be addressed, a
separate ecological assessment is required.
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EVALUATION OF THE RD50 FOR DETERMINING
ACCEPTABLE LEVELS OF EXPOSURE TO AIRBORNE
SENSORY IRRITANTS

Y. Kuwabara, G. V. Alexeeff, R. L. Broadwin and A. G. Salmon. OEHHA,
Oakland, CA.
The RD50 (exposure concentration capable of producing a 50% respiratory rate decrease in male mice) has been used to evaluate airborne chemicals for their sensory
irritation effects and has become an ASTM standard. Past studies have shown good
correlations between the predicted levels from the RD50 values to the Threshold
Limit Values (TLVs) established for the workplace. We investigated the application
of the RD50 values in establishing exposure guidelines for the general public by
comparing RD50 values to Lowest Observed Adverse Effect Levels (LOAELs) and
acute Reference Exposure Levels (RELs). Current values for the RD50 were collected from the literature. These values were evaluated after selection for thoroughness in adhering to the ASTM procedures, e.g., species tested and exposure time. A
common point of departure for guidance values is the LOAEL in humans. LOAELs
for human sensory irritation were identified from the literature for comparison
with RD50 values. RD50 values in mice and corresponding LOAELs in humans
were identified for 24 chemicals. Using the same 24 chemicals we were able to affirm the correlation between RD50s and TLVs. The relationship between RD50 values and LOAELs was log RD50 = 1.19 (log LOAEL) + 0.75 with a R2 value of 0.81.
This high correlation supports the use of this animal bioassay in establishing exposure limits for the general public. OEHHA had developed acute RELs to protect
the general public including sensitive members. RD50 values in mice and corresponding RELs in humans were identified for 16 irritant chemicals. The relationship between RD50s and RELs was log RD50 = 0.71 (log REL) + 2.55 with a R2
value of 0.71. Consequently, the RD50 is a useful standardized method, which may
be helpful in developing health protective values for workers and the general public.
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CRITICAL REVIEW OF TRADITIONAL DRINKING
WATER DEFAULTS FOR CHILDREN: IMPLICATIONS
FOR RISK ASSESSMENTS

A. Arcus1, C. A. Caraway2, R. A. Howd1 and A. M. Fan1. 1OEHHA, Cal/EPA,
Oakland, CA and 2OEHHA, Cal/EPA, Sacramento, CA.
When conducting risk assessments to safeguard children from chemical contaminants in drinking water, assessors have used the traditional default values of 1 liter
per day water consumption for a 25 kg child, or 1 liter per day for a 10-kilogram
child. However these decades-old consumption rates and weights do not appear to
be relevant across the wide range of ages and developmental stages that comprise
childhood. Recent legislation in California mandates that the Office of
Environmental Health Hazard Assessment (OEHHA) use relevant exposure patterns for potentially susceptible populations in drinking water risk assessments. We
derived drinking water consumption rates based on fluid intake rates and energy requirements of children, and we conducted an analysis on a recently published
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(2004) evaluation of drinking water consumption and body weights in the U.S.
from the Continuing Survey of Food Intakes by Individuals (CSFII, USDA 2000)
as analyzed by the U.S. Environmental Protection Agency (US EPA). These analyses indicate that in many cases the traditional child-specific drinking water default
values do not apply well to the current population of children in the U.S. In fact,
the defaults underestimate water consumption rates on a bodyweight basis of very
young children by 50 percent or more. Therefore, OEHHA is considering using
the 90th or 95th percentile drinking water consumption rates from the US EPA
analyses in our future risk analyses on children. Our presentation compares the
CSFII derived water consumption rates to the default rates, as well as to rates derived by using other data. Using the proposed values in lieu of the defaults would
sometimes substantially lower estimated health-protective values. Comments are
invited on this approach, especially as it relates to protecting children.
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THE ANALYSIS OF MIXED DISCRETE AND
CONTINUOUS OUTCOMES USING DESIRABILITY
FUNCTIONS
T. Coffey2, C. Gennings3 and V. C. Moser1. 1NTD/NHEERL, USEPA, Research
Triangle Park, NC, 2Amylin Pharmaceuticals, San Diego, CA and 3Biostatistics
Department ., VCU, Richmond, VA.
Multiple types of outcomes are sometimes measured on each animal in toxicology
dose-response experiments, and multiple analyses may increase the overall type I
error. One approach to analyzing these outcomes in an integrated way is through
the use of a composite score. We introduce the use of desirability functions as a way
of deriving an overall score that uses information from each of the outcomes. This
methodology is commonly used in the quality control engineering literature but
has not been applied in toxicology. Desirability functions transform observed responses of any type to a 0-to-1 unitless scale, where smaller scores indicate less desirable responses (i.e., increased toxicity). The geometric mean is used to combine
the scores and then a univariate statistical analysis can be performed. Compared to
other composite scores discussed in the toxicology literature, this approach has two
advantages. First, because of the mathematical nature of the geometric mean, the
overall score is more sensitive to deviations from the typical response at each dose
group. As a consequence, the estimate of the threshold is more sensitive to evidence
of toxicity. Second, weights may be incorporated into the desirability function,
making it possible to prioritize the importance of each endpoint. Using data from
five outcomes (motor activity, brain and blood cholinesterase activity (ChE), gait
score and tail pinch score: a combination of ordinal, count, and continuous responses) from a neurotoxicity experiment, we demonstrate the use of desirability
functions to derive a composite score. We analyzed the overall score using a nonlinear exponential threshold model. Using the composite score the lowest dose tested
exceeded the 95% confidence limits of the dose threshold. Further analyses indicated the composite score was sensitive to slight toxicity, mainly due to ChE inhibition. This research was partially supported by NIEHS training grant #T32
ES007334 and does not reflect U.S. EPA policy.
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A DECISION-MAKING FRAMEWORK FOR
SENSITIZATION SAFETY ASSESSMENT OF A NEW
CHEMICAL
S. Kim1, S. S. Kim2 and D. H. Kim1. 1ToxiSan, Fairfield, CA and 2University of
California, Berkeley, CA.
A decision-making framework is proposed for use in the chemical sensitization assessment of new chemicals – ingredients or formulations. It is a useful guide on
principles to be considered when faced with potential sensitization safety questions.
Because of the wide variety of materials, progression through the tree and the final
outcomes may be very different depending upon the exposure, type of materials,
manufacturing practices and risk/benefit considerations. However, the basic approach must be consistent.
The decision-making framework of the chemical sensitization assessment of a new
material includes the following key elements:
1. Material identification and characterization
2. Assessment of dermal and/or inhalation safety
3. Assessment of dermal and/or respiratory toxicity
4. Assessment of dermal and/or respiratory sensitization potential
As with any other safety assessment, both exposure and hazard must be considered.
In working with this decision tree, it is important to realize that the order of the
questions is somewhat arbitrary. In real life, several steps may occur simultaneously.
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DEVELOPMENTAL TOXICITY AS AN ENDPOINT FOR
HEALTH RISK ASSESSMENT
G. L. Ball, C. J. McLellan and V. S. Bhat. Toxicology Services, NSF International,
Ann Arbor, MI. Sponsor: M. Dourson.
Exposure to short-chain organic acids, such as 2-ethylhexanoic acid is associated
with developmental toxicity in laboratory animals. Acceptable levels of 2-ethylhexanoic acid in drinking water were determined, since this chemical is leached from
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some products evaluated for certification under NSF/ANSI 61 (2004). Skeletal
malformations and variations, dilated cranial ventricles, and clubfoot were observed
in the offspring of rat dams orally exposed to 2-ethylhexanoic acid during pregnancy. Maternal deaths but no fetal effects were seen in rabbits. 2-Ethylhexanol
produced delayed ossification in rats and no effects in mice, suggesting that the acid
rather than the 2-ethylhexyl moiety is responsible for the developmental effects,
consistent with the proposed mode of action of increasing fetal intracellular pH.
Although developmental toxicity in mice was specific to the (R)-enantiomer, the
stereospecificity was not incorporated into this risk assessment because potential
drinking water exposure is to the optically inactive 1:1 racemic mixture. The weak
relationship of the developmental toxicity and maternal zinc status in rats was accounted for through the intraspecies uncertainty factor, as the zinc status of the
general population varies. Liver effects, such as increased absolute and/or relative
weight, hepatocyte hypertrophy, and changes in cholesterol and triglyceride levels,
were seen in several rodent toxicity studies. These hepatic effects were suggestive of
peroxisome proliferation, thus given limited weight, as humans are resistant to this
effect, while some rodents are highly susceptible. Based on the lack of human epidemiology data and of chronic studies of 2-ethylhexanoic acid in laboratory animals, the data are inadequate for an assessment of human carcinogenic potential.
Positive in vivo but no in vivo genotoxicity data were identified. An oral Reference
Dose of 0.3 mg/kg-day based on developmental toxicity was used to determine a
long-term Total Allowable Concentration for 2-ethylhexanoic acid in drinking
water of 2 mg/L and a Short-Term Exposure Level of 30 mg/L.
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A RETROSPECTIVE ANALYSIS OF DEVELOPMENTAL
STUDIES UTILIZED FOR THE RISK ASSESSMENT OF
PESTICIDES

E. Mendez and E. Reaves. Office of Pesticides Program, US Environmental
Protection Agency, Washington, DC. Sponsor: L. Scarano.
Pesticides go through an extensive evaluation before entering the US market. This
evaluation includes a comprehensive assessment of the toxicological profile of the
pesticide including the potential to cause teratogenic or fetotoxic effects. For food
use pesticides (i.e., pesticides whose use could result in residues on food or feed),
prenatal developmental studies in two species are required (usually rat and rabbit).
As interest mounts on the prospect of using fewer animals in toxicology studies, this
retrospective analysis was undertaken to ascertain the utility of obtaining developmental studies in both species for risk assessment purposes. The analysis examines a
variety of aspects involved in the assessment of developmental toxicity. Available
databases were systematically reviewed and data extracted for information on the
frequency of times a prenatal developmental study was used to establish a reference
dose, the proportion of chemicals for which one species was more sensitive, and the
nature of the effects noted in each species. Three hundred and twelve food use pesticides were included in this analysis. Developmental toxicity endpoints from either
species were used to establish acute reference doses (aRfDs) for approximately 44%
of the food use chemicals. The rabbit prenatal developmental toxicity study was
used for establishing an aRfD for 19% of these chemicals, while the rat was used for
approximately 24% of them suggesting a comparable sensitivity between species.
However, this pattern is not reflected in the overall analysis since the effect level
(LOAEL) for the prenatal developmental rabbit study was lower than the rat for
60% of all food use chemicals. The nature of the effects observed in the pre-natal
development studies in either species was comparable. The most common effects
were decreased fetal weight, delays in ossification, and post-implantation loss. This
abstract does not necessarily reflect the views or policy of the USEPA.
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PRELIMINARY VALIDATION STUDIES OF BCO-P

E. Deparade, W. Wang-Fan and L. G. Ullmann. Toxicology, RCC LTD., Itingen,
Switzerland. Sponsor: K. Sachsse.
The Bovine Corneal Opacity and Permeability Assay (BCP-P assay) has been accepted by the EU national coordinators at their 28th meeting as an alternative to
the Draize rabbit eye irritation test and is used to classify a chemical as irritant
(R41). The BCO-P assay may be routinely used for assessment of safety and as a
test to classify and label chemicals as “severely irritating to the eyes”. This organotypic assay is considered acceptable by the national authorities where a positive result in respect to severe irritancy is obtained. In this case no further animal testing
is necessary. Normally in the BCO-P assay the bovine eyes are collected as fresh as
possible after slaughter from an abattoir. The corneas are isolated shortly and the
tests are performed as soon as possible (no longer than 12 hours). In order to optimize the test conditions, we have performed some validation studies to estimate the
differences of the test results between applying fresh bovine eyes and using eyes
which are preserved in MEDIUM 199 Modified supplemented with Dextran. We
have also compared the BCO-P results, in which the corneas from the animals in
different ages were used. In the validation studies three positive control substances,
2-ethoxyethanol, imidazol (20%) and benzalkoniumchlorid, have been tested for
various treatment times. The validation studies are useful for further optimizing the
BCO-P test conditions and increasing the reliability of this metho
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CONSIDERATIONS IN ASSESSING THE SIGNIFICANCE
OF INCREASED INCIDENCE OF LARGE GRANULAR
LYMPHOCYTE LEUKEMIA (LGLL) IN F344 RATS FOR
HUMAN CANCER RISK ASSESSMENT

P. J. Spencer1, J. I. Goodman2, J. K. Haseman3, T. P. Loughran4, J. Thomas1
and J. M. Ward5. 1The Dow Chemical Company, Midland, MI, 2Michigan State
University, East Lansing, MI, 3Consultant, formerly, NIEHS, Raleigh, NC, 4Penn
State Cancer Center, Hershey, PA and 5Consultant, Montgomery Village, MD.
Large granular lymphocyte leukemia (LGLL) has a high and variable spontaneous
incidence in aging F344 rats. The current status of knowledge of rat LGLL, including a search for mechanistic data and correlations to human leukemia, was examined so as to develop specific recommendations to improve the evaluation of the
LGLL endpoint in bioassays and the appropriateness of using this endpoint in risk
assessments (RA). The increasing background incidence of F344 rat LGLL over
time and its modulation by extraneous factors (i.e. corn oil gavage) are considered
to be key confounders in the identification of treatment related effects in the F344
rat model. Currently, a mode of action cannot be proposed for chemicals that
might increase the incidence of LGLL in the F344 rat because there is virtually no
mechanistic data available. Some similarity between rat LGLL and a rare human
natural killer cell (NK)-LGLL exist, invalidating the historical claims that the rat
disease has no human counterpart. However, underlying mechanisms may be different. Because of these concerns, it is recommended that any statistical analysis of
LGLL use a more stringent level of significance than the traditional p<0.05 (e.g.,
p<0.01) as an indicator of possible carcinogenic effects. Additionally, specific recommendations and guidance are provided to strengthen the interpretation of possible elevated rates of F344 rat LGLL using an overall weight of evidence approach.
Furthermore, consideration of factors such as dose-response, reduction in latency
time, appropriate historical controls, neoplasia at other sites, reproducibility in another strain or species the weight of evidence for genotoxicity, toxicokinetics and
possible human exposure should all be part of a comprehensive RA for any chemical that might cause increased F344 rat LGLL.
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A CONCEPTUAL FRAMEWORK FOR EVALUATING THE
ADEQUACY OF THE DEFAULT HUMAN KINETICS
UNCERTAINTY FACTOR FOR PROTECTING
CHILDREN

A. Maier, E. Hack, J. Zhao and L. Haber. Toxicology Excellence for Risk
Assessment, Cincinnati, OH.
We have developed a conceptual framework for evaluating whether and when the
portion of the human variability uncertainty factor (UFH) that addresses human
kinetic variability is adequate for protecting children in the development of risk
values. The ideal approach for addressing this issue is using a physiologically-based
pharmacokinetic (PBPK) model. However, when data or resources are not available
to build such a model, a framework such as this may help identify cases where there
is concern that the default is inadequate or where there is substantial uncertainty
about the magnitude of kinetic differences between adults and children. Although
the framework is primarily for the inhalation route, application to the oral route is
also discussed. The framework categorizes the exposure based on particle versus gas,
and based on the target area (region of the respiratory tract or extrarespiratory).
Methods of analyses of relative dosimetry are based on the U.S. Environmental
Protection Agency (U.S. EPA) Reference Concentration (RfC) dosimetry and other
steady-state approaches for extrarespiratory effects. These analyses were used in the
draft framework to divide exposures into three groups based on chemical characteristics (e.g., blood:air partition coefficient) or exposure conditions (e.g., duration of
exposure): (1) the default uncertainty factor is unlikely to be sufficiently protective,
(2) the default uncertainty factor appears to be protective, and (3) the default uncertainty factor may be protective, but more information is needed to adequately
evaluate the kinetic differences. Limitations and potential expansions to the framework were discussed at a peer consultation of the framework, and a revised framework was proposed based on input from the expert panel.
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THE DEVELOPMENT OF A TIME-DEPENDENT
MODEL TO ANALYZE NEUROBEHAVIORAL TOXICITY
DATA FOR RISK ASSESSMENT

A. S. Howard1, M. R. Wessel3, J. S. Gift1, Y. Zhu3 and V. C. Moser2. 1NCEA,
Environmental Protection Agency, Research Triangle Park, NC, 2NHEERL,
Environmental Protection Agency, Research Triangle Park, NC and 3Epidemiology
and Biostatistics, University of South Florida, Tampa, FL.
The functional observational battery (FOB) has been advocated as a screening tool
for identifying compounds that pose a neurotoxicity hazard. At this time, there are
few and limited methods available for incorporating this type of data into risk as-

sessment. Data generated by these types of studies have posed a challenge to doseresponse modeling due to characteristics such as repeated measurements over time,
multiple endpoints of continuous, ordinal or nominal scales, and time dependence
of risk characterization. The EPA has undertaken, through partnerships, the task of
developing statistical models that will be able to utilize this type of data and provide
the information necessary for risk assessment. A modified toxico-diffusion model
has been developed to derive a dose-dependent time of peak effect (TOPE) from
neurobehavioral data. This model takes a previously described toxico-diffusion
function and adds a component that allows for TOPE to vary with dose. The effects
of parathion on one endpoint, activity, were analyzed using this model. The model
suggests as dose increases the TOPE decreases in a range from 11.5 to 7.1 hours.
From a survey of the parathion literature, it was determined that experimentally derived TOPEs range from 3.0 to 1.5 hours. We conclude that the current model requires additional measurements on the day of dosing to determine the TOPE for
risk assessment.
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IMMUNOLOGICAL ENDPOINTS AND THEIR ROLE IN
THE DEVELOPMENT OF MINIMAL RISK LEVELS (MRLS)

H. Abadin1, S. Chou1 and F. Llados2. 1Agency for Toxic Substances and Disease
Registry, Atlanta, GA and 2Syracuse Research Corp, Syracuse, NY. Sponsor: B.
Fowler.
The immune system comprises highly-specialized tissues, organs, and cells which
are distributed throughout the body and respond to the assault of foreign biological
or chemical materials. As a result of its function to recognize and destroy foreign
substances, the immune system is often exposed to systemically distributed toxicants. Of the top 100 chemicals ranked on the Agency for Toxic Substances and
Disease Registry’s (ATSDR) Priority List of Hazardous Substances, over one-third
are associated with adverse effects on the immune system. Immune system effects
can manifest as either morphological or functional in nature. ATSDR has classified
effects exhibiting morphological changes as lymphoreticular to differentiate them
from functional changes. Lymphoreticular effects can affect lymphatic tissues such
as the lymph nodes, spleen, and thymus. Although these tissues are responsible for
immune responses, lesions involving them are not always associated with functional
changes. Functional changes can include a broad spectrum of responses which can
be characterized as immunosuppressive, autoimmune, or allergic-type reactions.
Proper classification of health endpoints is important during development of
MRLs in order to provide appropriate risk assessment guidance. Of the 344 MRLs
derived by ATSDR, 15 have been derived based on immunological/lymphoreticular effects. Endpoints included alterations in cell number, reduced humoral or cell
mediated response to antigen challenge, and histopathology of lymphoid tissue.
MRLs are derived from the most sensitive endpoints available in the chemical database. These data clarify the role of the immune system in MRL development by the
agency, and indicate that although the immune system is a target for many chemicals, based on the assessments and MRLs derived for immunological endpoints, the
immune system is often not the most sensitive target system for many of the
Priority List chemicals.

893

AN APPROACH FOR ESTIMATING POPULATIONSPECIFIC INTER-INDIVIDUAL VARIABILITY FACTOR

K. Krishnan and A. Nong. Occupational and Environmental Health, Universite de
Montréal, Montréal, QC, Canada.
Interindividual variability factor (IVF) used in non-cancer risk assessments corresponds to a default value (10) or to the value derived on the basis of human data or
model simulations. The currently available modeling approaches facilitate the determination of the pharmacokinetic component of IVF (IVF-PK) using information on population distributions of input parameters. The resulting IVF-PK is applicable for the population for which parameter distribution was obtained and not
necessarily to other populations, particularly if the composition of populations is
not identical - in terms of specific sub-groups such as children and elderly. The objective of the current study was therefore to develop a methodology to estimate
population-specific IVF-PK on the basis of demographic data in terms of specific
sub-populations (male and female adult, children, and elderly; age range: 2 to 90
years). Using Statistics Canada’s most recent census for the metropolitan region of
Montreal, individual-specific estimates of PK determinants were obtained with
P3M version 2.0 (Linea, Inc) and their population distributions were specified in a
physiologically-based pharmacokinetic (PBPK) model for toluene. Monte Carlo
simulations of the inhalation pharmacokinetics of toluene (at 1 ppm for 24 hr)
based on the demographic size of different sub-populations were then obtained.
The comparison of the 24-hr area under the venous blood concentration vs time
curve of toluene for the population of Montreal revealed that the values for many
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sub-populations were similar to adults, with an IVK-PK of 1.4. The modeling approach also allowed the estimation of the influence of the size of the various subpopulations on the magnitude of IVF-PK. This population-specific modeling approach uniquely facilitates the estimation of IVF-PK depending upon the nature
and extent of available data on the chemical as well as the target population.

894

IMPLEMENTATION OF A NUMERICAL SOLUTION TO
THE NON-HOMOGENEOUS TWO-STAGE MVK
MODEL OF CANCER

C. van Landingham1, K. Crump1 and R. Subramaniam2. 1ENVIRON
International Corp., Ruston, LA and 2ORD, NCEA, US Environmental Protection
Agency, Washington, DC. Sponsor: P. Gentry.
The two-stage Moolgavkar-Venzon-Knudson (MVK) model of cancer is based is a
Markov stochastic process that models the growth of a population of normal cells,
mutation of normal cells to intermediate (pre-neoplastic) cells, clonal expansion of
intermediate cells through cell division and cell death, and mutation of intermediate
cells to a malignant cell. The general case of this model is non-homogeneous since
the number of normal cells increases with time (i.e. age) and the rates of cell division, death and mutation depended on the time-pattern of exposure. Appropriate
methods of solving non-homogeneous models can be difficult to implement.
We developed a straight forward method for solving the non-homogeneous twostage MVK model of cancer. The method consists of solving four coupled ordinary
differential equations derived from the Kolmogorov backward equations for this
process. This method has been implemented and compared to the homogeneous
solution using the Hoogenveen et al. (1999) formulation and to the special nonhomogeneous case in which the parameters are piecewise constant used by
Heidenreich et al., (1997). For the piecewise constant case, our solution agrees with
Heidenreich et al. but the solution for homogeneous models can give erroneous results. To further explore these differences, our solution was applied to the rat nasal
tumor model developed by Conolly et al. (2003) with data from two rat bioassays
of inhalation exposure to formaldehyde. Comparisons to the results obtained by
Conolly et al. using the Hoogenveen et al. formulation show the errors were probably minimal in this case but that may not be true in other cases where the homogeneous formulation is used to approximate the non-homogeneous MVK model.
We are in the process of examining the effect of various other uncertainties in
Conolly et al.
Disclaimer: The views expressed in this presentation are those of the authors and do
not necessarily reflect the views or policies of the U.S. EPA.

895

ARE CHRONIC RFDS REALLY CHRONIC?

H. Goeden and P. Shubat. Environmental Health Division, Minnesota Department
of Health, St. Paul, MN.
It has been standard practice to use 2 Liters/day and 70 kilogram body weight (approximately 29 mL/day) as the default intake rate for the derivation of chronic,
noncancer drinking water standards. The Minnesota Department of Health
(MDH) is currently revising the Minnesota Health Risk Limits Rule (HRL) for
Groundwater. As part of the rule revision process the MDH evaluated the relationship between the time point at which an adverse effect was observed in a toxicity
studies and the duration of exposure used to derive a HRL. The MDH was concerned that intake rates in young children were substantially higher than the standard default intake rate.
The USEPA has defined a chronic period as repeated exposure over more than approximately 10% of a lifetime. The 10% of a lifetime guideline has been used for
developing chronic reference values (RfDs) as well as for identifying chronic exposure durations in noncancer risk assessments. For a human, 10% of a lifetime corresponds to about 7 years. A time-weighted average over the first 7 years of life indicates that the 90th to 99th percentile intake rates during this time period are 2 to
4-fold higher than the default intake rate of 29 mL/day.
To determine whether the effects that were the basis of chronic RfDs occurred at
earlier time periods the MDH evaluated RfDs used for the draft HRLs. The results
of this evaluation indicated that only 4 of 77 RfDs used to derive draft HRLs were
based on effects that required exposures longer than 10% of a lifetime, data for 7
chemicals were insufficient to determine when adverse effects were first observed,
and the remaining RfDs or supportive studies showed that adverse effects resulted
from exposures of up to approximately 10% of a lifetime.
Chronic drinking water standards must address potential adverse health effects
from short-term as well as long-term exposures to contaminants in drinking water.
The MDH recommends utilizing 10% of a lifetime as a minimal chronic exposure
period. The MDH selected the period with the highest intake rate, the first 7 years
of life, for use in developing chronic HRLs for noncancer effects.
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USING WITHIN-ANIMAL VARIATION AS AN
INDICATION OF THE MINIMAL CRITICAL EFFECT
SIZE APPLICABLE IN THE BENCHMARK DOSE
APPROACH

S. Dekkers1, J. Telman3, M. Rennen1, M. Appel2 and C. de Heer1. 1Food and
Chemical Risk Analysis, TNO, Zeist, Netherlands, 2Toxicology and Applied
Pharmacology, TNO, Zeist, Netherlands and 3Imaging Systems, TNO, Delft,
Netherlands. Sponsor: V. Feron.
A major point of discussion in the application of the Benchmark dose (BMD) approach to continuous data is the determination of the Critical Effect Size (CES).
The CES is the breaking point between adverse and non-adverse changes in a continuous toxicological parameter, at the level of the individual organism. In this
study we estimated the within-animal variation in routinely studied continuous
toxicological parameters from temporal fluctuations in individual non-exposed animals. Assuming that these fluctuations are non-adverse, this within-animal variation gives an indication of the minimal magnitude of the CES. The total variation
in the data from individual non-exposed animals was split up in variation parts due
to known factors (sex, animal and day) and a residual variation, by means of analysis of variance (ANOVA). Using the residual variation and the estimated measurement error of a toxicological parameter, the within-animal variation can be estimated. The data showed within-animal variations varying between 0.6 and 34% for
different clinical chemistry and haematological parameters in 90 day rat studies.
This indicates that different (minimal) CES values may have to be used for different parameters. Further studies are necessary to elucidate whether different (minimal) CES values should be derived for different sexes, species, strains, and ages.

897

RISK ASSESSMENT FOR NANOTECHNOLOGY AND
NANOMATERIALS: AN ADAPTIVE APPROACH FOR
HEALTH AND SAFETY DECISION-MAKING

B. E. Barry and J. Shatkin. The Cadmus Group, Watertown, MA.
Developments in nanotechnology and nanomaterials (NM) are rapidly proceeding
in advance of a clear understanding of their potential health effects and environmental impacts. We are developing an adaptive risk assessment framework for NM
that provides an approach for critical and precautionary decision-making and considers the toxicological uncertainties surrounding NM. Critical NM properties that
contribute to the toxicological uncertainties include: a large surface area relative to
NM size, their reactivity, and the possibility that NM may translocate within an organism. The basis for our approach is a decision tree structured to inform decisions
about potential health and safety risks by analyzing risk in a step-wise process. The
approach integrates an evaluation of current toxicological information for the specific NM of interest, an understanding of potential exposure scenarios, and application of risk assessment tools to evaluate and prioritize NM management procedures
for mitigating exposure risk. Our adaptive approach allows for continual input of
new information about NM to revise and refine decision-making regarding appropriate health and safety recommendations for NM use and handling. It combines
the focused analysis of risk assessment with the practices of health and safety to provide relevant NM management procedures for minimizing potential health effects
and environmental impacts. This approach can be an effective and beneficial tool to
evaluate potential NM impacts throughout their life cycle, ranging from research
and development and product manufacturing, to consumer applications and uses,
and ultimately to their disposal and fate in the environment.

898

FUNCTIONAL INTERPRETATION OF DOSE AND
TIME-DEPENDENT MICROARRAY DATA:
QUANTITATIVE INTEGRATION OF GO ONTOLOGY
ANALYSIS FOR TOXICOLOGY AND RISK ASSESSMENT

X. Yu1, W. Griffith1, K. Hanspers2, J. Robinson1 and E. M. Faustman1.
1
Environmental Health, IRARC, UW, Seattle, WA and 2GenMAPP, Gladstone
Institute of Cardiovascular Disease/UCSF, SF, CA.
Although microarray technology has emerged as a powerful tool to explore expression levels of thousands of genes or even complete genomes after exposure to toxicants, the functional interpretation of microarray datasets still represents a timeconsuming and challenging task. Gene ontology (GO) and pathway mapping have
both been shown to be powerful approaches to generate an unbiased view of biological processes and cellular components impacted by toxicants. However, current
methods only allow for comparisons across two experimental settings at one particular time point. In addition, the resulting annotations are presented in extensive
gene lists with minimal or limited quantitative information, data that is crucial in
the application of genomic data for toxicology and risk assessment. To facilitate
quantitative interpretation of dose or time dependent genomic data, we propose to

use combined average raw gene expression values (e.g. intensity or ratio) of genes
associated with specific functional categories derived from the GO database. We
have developed an extended program (GO-Quant) to extract quantitative gene expression values and to calculate the average intensity or ratio for those genes significantly altered by functional gene category based on MAPPFinder results. To
demonstrate its application, we have applied this approach to a previously published dose and time dependent toxicogenomic data set. Our results indicate that
the above system approach can describe quantitatively the degree in which functional systems change across dose or time course. Additionally, this approach provides a robust measurement to illustrate our results compared to single gene assessments and enables the user to calculate the corresponding ED50 for each specific
functional GO term, a necessity for risk assessment. Funded by U10 ES 11387,
P30 ES07033, P01 ES09601,R01 ES10613 (NIEHS),RD-83170901-0 (EPA),and
Center for the Study and Improvement of Regulation.
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HAZARD, EXPOSURE AND DOSE RESPONSE
ASSESSMENT UNDER CALIFORNIA’S PROPOSITION
65: 2006 UPDATE

L. Zeise, G. V. Alexeeff, J. Beaumont, M. Campbell, J. Donald, A. Dunn, J.
Faust, M. Golub, S. M. Hoover, P. Iyer, F. Kauffman, G. Krowech, L. Li, J.
Morgan, M. S. Sandy, C. D. Sherman and R. S. Tomar. OEHHA, CalEPA,
Oakland, CA.
Proposition 65 - the Safe Drinking Water and Toxic Enforcement Act of 1986
– was passed into law by California voters (Health and Safety Code 25249.5 et
seq.). The law requires the State to publish at least once a year a list of chemicals known to cause cancer or reproductive toxicity. Under the law, anyone in
the course of doing business that knowingly and intentionally causes significant
exposures to a listed chemical must first provide clear and reasonable warning,
and discharges in significant amounts into sources of drinking water are prohibited. Embedded in the law and its implementing regulations are tiered approaches to hazard identification and dose response assessment. Since the law
was passed, over 730 chemicals have been listed as known to the state to cause
cancer or reproductive toxicity (i.e., developmental, male and female endpoints), eight chemicals have been removed from the list, and approximately
265 regulatory levels based on dose response assessments have been promulgated. Since 1986, the nature of the scientific information relevant to risk assessments has changed and new quantitative methodologies have been introduced. Current analytical approaches for the listing of chemicals, and
evaluating dose response relationships and risk are described, along with the
challenges of conducting such assessments.

900

PARTICULATE MATTER CONCENTRATION-RESPONSE
VERSUS DOSE-RESPONSE

J. S. Brown and L. D. White. NCEA, USEPA, Research Triangle Park, NC.
Epidemiological assessments of health outcomes are frequently restricted to available data on ambient pollutant concentrations. This constraint, however, does not
require that toxicological studies similarly limit their assessments. Since it is proportional to target tissue dose, total exposure (the product of concentration, ventilation, and exposure duration) of a gaseous pollutant like ozone is a better predictor
of acute responses than concentration. For particulate matter (PM), however, neither concentration nor total exposure should be presumed proportional to dose. We
reviewed studies reporting inflammatory responses to concentrated ambient particles (CAPs). The constituents, sources, and the toxicity of CAPs are thought to vary
regionally and seasonally. Where sufficient information was available, we estimated
the dose of CAPs to regions of the lung using a mathematical model. No consistent
dose-response function was discernable; however, CAPs size distribution data was
absent or incomplete in the majority of studies. The lack of such basic information
as the size distribution of CAPs prevents accurate dose estimates and adds to the
uncertainty in cross study comparisons. Particle size alone is recognized to effect the
location and amount of deposition in the lungs as well as subsequent clearance
rates. For example, the dose of 0.1 µm particles in the pulmonary region of a resting rat is predicted to be about 3-fold greater than for 1.0 µm particles at equal exposure concentrations. Consequently, the 0.1 µm particles might appear more toxic
by virtue of their higher pulmonary dose. The presentation of CAPs size distribution data should also be carefully considered as the particle size distribution may
not be log-normal. Accurate reporting of PM concentration and size distributions
to yield improved dose estimates in toxicology studies may reduce uncertainty and
improve assessment of regional and seasonal PM health effects. The views expressed
in this abstract are those of the authors and do not necessarily reflect the views or policies
of the U.S. Environmental Protection Agency.

901

BENCHMARK DOSE EVALUATION FOR HUMAN
IRRITATION

G. V. Alexeeff, K. K. Deng, R. Broadwin and A. G. Salmon. OEHHA, Cal/EPA,
Oakland, CA.
Acute exposure guideline levels for the public are generally based on concentrations
that produce minimal or no effects, following a NOAEL/LOAEL approach, particularly when based on human studies. We identified 8 human studies, where subjects were exposed acutely by inhalation, suitable for benchmark dose (BMD) evaluation. These 8 studies considered 7 chemicals (acetophenone, formaldehyde,
methanol, MIBK, vinyl acetate, vinyl chloride and xylene). Using the USEPA
BMD software, considering available dichotomous models, we calculated BMDs,
and their lower confidence limits (BMDLs) at response levels of 1, 5 and 10%. The
Probit model provided a reasonable fit to all of the data sets, but not always the best
fit. Based on the Probit model, the BMDL05 slightly exceeded the NOAEL 50% of
the time, but never exceeded the LOAEL, indicating a reasonable association of the
BMDL05 with the NOAEL. Despite the relatively small number of subjects and
dose levels, the average ratio of the BMDL to the BMD was 0.58, with a standard
deviation of 0.14, indicating little variability and strong confidence in the values.
We explored calculating expected risk levels with the BMD software, which considers variability in the study population but not the target population. If we included
a 10-fold UF for inter-individual variability, estimated risks were less than 1 in
10,000. We also explored estimating potential incidence rates for USEPA acute
emergency guidance levels (AEGLs) using the BMDL. For vinyl acetate we found
an estimated 39% rate of eye, nose and throat irritation at 6.7 ppm, which is the
proposed AEGL no-effect level for notable discomfort for the general public. Based
on two formaldehyde studies we found an estimated 25-46% rate of eye irritation
at 0.9 ppm, which is the proposed AEGL value not expected to produce notable
discomfort in the general public. Thus, we could apply BMD analysis to acute
human data and also use the data to provide insight into expected risks at estimated
exposure levels.

902

VALIDATION OF MEASURES TO PREVENT CROSS
CONTAMINATION DURING DOSE PREPARATION FOR
TOXICITY STUDIES

C. Wood and M. Wrightson. Covance Laboratories LTD., Harrogate, United
Kingdom. Sponsor: D. Everett.
In our laboratory, numerous test compounds are prepared into different media in a
central dispensary, for dosing on toxicity studies. During dose preparation, common equipment is used, this then being washed in a Steris washing machine and reused for subsequent preparations. There is potential for cross-contamination between test compounds in this process, and therefore the effectiveness of a variety of
equipment cleaning procedures in the dispensary was analysed. The three main
types of preparation performed (suspensions, solutions and mixes in animal diet)
were tested. Trial dose preparations were formulated using azobenzene as a surrogate test compound in a solution of dimethylsulphoxide, a suspension in methylcellulose and an admixture in powdered rodent diet. Azobenzene was chosen for ease
of detection at very low concentrations using standard chemical analysis methods.
Apparatus used in these preparations was cleaned using a variety of washing procedures, the equipment swabbed and samples analysed using HPLC for levels of
azobenzene.
Initial results indicated that the Steris washing machine cleaned glassware and spatulas efficiently, with no azobenzene detected. Other equipment (such as pestle and
mortars and homogeniser heads) had low levels of azobenzene. The trial dose preparation cleaning procedure was repeated with additional cleaning steps, including a
detergent pre-soak, an organic solvent pre-soak and sonication. A cleaning regime
which effectively reduced azobenzene to below the detectable level was identified,
and has resulted in a procedural change within the central dispensary to incorporate
these steps. It was concluded that cleaning validation is an essential exercise in all
dose preparation laboratories where there is risk of cross-contamination.

903

THE IMPROVEMENT OF CANINE ACCOMMODATION
IN A REGULATORY TOXICOLOGY ENVIRONMENT

S. Blakey. Covance Laboratories LTD., Harrogate, United Kingdom. Sponsor: D.
Everett.
Increasing emphasis has been placed on environmental enrichment in the care and
welfare of laboratory animals over recent years. As an industry we have made many
changes and advancements in the housing of all species in terms of provision of
space, cage furnishings and the use of different materials within the cage. In general
however, these changes have been more marked in the housing of rodents and primates than for canines within the UK where social housing and floor pens have
been common place for several decades. An opportunity arose within our facility to
explore new cage design and construction. The objectives of the new pen design
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were to improve visibility for all animals, reduce noise levels and provide a varied
and enriched environment while maintaining the scientific integrity of the studies
performed. Technical staff visited several laboratories which had already undergone
refurbishment to gather ideas for pen design and construction. Working practices
and study requirements in these environments were compared with those experienced in a contract research environment and differences considered when evaluating designs already available. The welfare of the animals remained central to any
proposed changes, such as elimination of possible agression over food or provision
of a retreat for any animal wishing to escape from its neighbour. Once a design had
been chosen and constructed, the technical staff evaluated its use in practice and
comments from scientific staff were sought, leading to the refinement of the design.
As new ideas and materials become available and more work is done on the training
and socialisation of canines in the laboratory environment, so the pen design continues to evolve. Advances in animal welfare and environmental enrichment are
continuous and thus what is accepted practice today will continue to be out of date
in a few years time. As an industry we must ensure we are ready to change with
these advancements and be prepared to take on the challenge.

904

DATA WAIVING UNDER EU DIRECTIVE 98/8/EC
(BIOCIDAL PRODUCTS DIRECTIVE): A PRACTICAL
EXAMPLE SPARING APPROXIMATELY 2000 ANIMALS IN
REGISTRATION OF A RODENTICIDE

S. Warren. Food & Chemicals Practice, Exponent International, Harrogate, United
Kingdom.
The Biocides Directive offers opportunity for several significant toxicology study
types to be “waived” under conditions where margins of safety are seen to be high,
existing toxicity data appear benign, and level of exposure is expected to be limited.
Data waiving is seen to be particularly significant for rodenticides since toxicity to
the test model may confound the objectives of the study.
As part of the Biocides submission for chloralose, proposals were made to waive the
following studies:
- carcinogenicity studies in rats and mice
- multigeneration study in rats
- subchronic study in dogs
Data on which these waivers are based include past human pharmaceutical dosage,
cross-species comparisons of veterinary anaesthesic use, and metabolic and toxicologic similarity to chloral hydrate. Although registration is not yet complete it
would appear that after rigorous evaluation the waivers are accepted in lieu of studies, therefore sparing the use of approximately 2000 animals. Waiving arguments of
this type are forseen to be of considerable relevance in several ongoing and forthcoming regulatory initiatives including the forthcoming EU REACH programme.
Registrants are strongly encouraged to consider possibilities for waivers to replace
studies, a procedure which clearly has potential to substantially reduce animal use.

905

THE CREATION OF CONSOLIDATED FDA DATABASES
AND THE DEVELOPMENT OF REAL-TIME DATA
ENTRY TO SUPPORT STRUCTURE ACTIVITY
RELATIONSHIP APPROACHES IN HAZARD
IDENTIFICATION AND RISK ASSESSMENT

K. B. Arvidson1, R. Benz2, E. J. Matthews2, J. Mayer1, E. Lee1, M. L. Twaroski1
and C. Yang3. 1CFSAN/OFAS, USFDA, College Park, MD, 2CDER/OPS/ICSAS,
USFDA, Silver Spring, MD and 3Leadscope, Inc., Columbus, OH.
The ability to accurately predict toxicity using quantitative structure activity relationships (QSAR) is becoming more important as regulators worldwide incorporate
QSAR-based evaluations for hazard identification and risk assessment in safety assessments. Several practical and fundamental challenges must be overcome in
building reliable QSAR models, one being access to high-quality data from which
accurate predictive models can be derived. In this regard, FDA has been actively
collaborating with the public toxicity database standardization effort, ToxML, to
create a set of controlled vocabulary to represent toxicity data. Through a cooperative research and development agreement involving the Center for Food Safety and
Applied Nutrition and the Center for Drug Evaluation and Research, FDA scientists now have access to data in consolidated databases which can be more easily incorporated into the review process. These databases will greatly expand safety analysis by utilizing analog information and improve efficiency by electronic retrieval.
Currently, studies are added to these databases in a separate process following the
safety evaluation of the submission. This method is problematic in that it duplicates
effort and creates a lag-time between completion of the review and addition of the
data to the QSAR training set. In an effort to resolve this issue, FDA scientists are
exploring reviewing submissions with real-time data entry in an effort to expand
these databases. This poster describes the newly consolidated databases and a vision
for real-time data entry. In addition to improving safety evaluations at the FDA,
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these databases will increase the global knowledge base and expand the scope of
predictive toxicology as non-proprietary portions of these databases become available to stakeholders.

906

REFERENCE SUBSTANCES FOR THE VALIDATION OF
IN VITRO OCULAR TOXICITY TEST METHODS FOR
THE EVALUATION OF OCULAR CORROSIVES AND
SEVERE IRRITANTS
D. Allen1, 2, B. Blackard1, 2, N. Choksi1, 2, J. Truax1, 2, R. Tice2 and W. Stokes2.
1
Integrated Laboratory Systems, Inc., Research Triangle Park, NC and 2NICEATM,
NIEHS, Research Triangle Park, NC.
NICEATM evaluated four in vitro ocular test methods (the Bovine Corneal
Opacity and Permeability, the Isolated Chicken Eye, the Isolated Rabbit Eye, and
the Hen’s Egg Test - Chorioallantoic Membrane) for their ability to identify substances that cause severe irritation or corrosion. During these evaluations, a list of
122 proposed reference substances was developed for potential optimization and/or
validation studies with in vitro ocular toxicity tests. The substances also may be used
for development of performance standards for use in the validation of test methods
that are functionally and mechanistically similar to a validated in vitro ocular test
method and for proficiency testing. Based on the ICCVAM Submission Guidelines,
these substances are intended to: 1) represent the range of ocular responses (i.e., corrosive/severe irritant vs. nonsevere irritant/nonirritant) to be detected; 2) represent
the classes of chemicals to be tested; 3) represent the range of known or anticipated
mechanisms or modes of action to be tested; 4) have produced high quality Draize
in vivo rabbit eye test method studies and/or in humans; 5) have well-defined
chemical composition; 6) be available from commercial sources; and 7) not be associated with excessive hazard or costs (purchase and/or disposal). Based on the
United Nations Globally Harmonized ocular hazard classification system, this list
contains 79 Category 1, 15 Category 2A, 13 Category 2B, and 15 nonirritating
substances (79 liquids, 34 solids), and covers 34 chemical classes and 29 product
classes. ILS staff supported by NIEHS contract N01-ES 35504.

907

ESTIMATED LIKELIHOOD FOR UNDER- AND OVERCLASSIFICATION FOR A SEQUENTIAL DRAIZE RABBIT
EYE TEST
N. Y. Choksi1, J. K. Haseman2, D. G. Allen1, R. R. Tice3 and W. S. Stokes3.
1
Integrated Laboratory Systems, Inc., Research Triangle Park, NC, 2Consultant,
Research Triangle Park, NC and 3NICEATM, NIEHS/NIH/DHHS, Research
Triangle Park, NC.
Recently, the ICCVAM evaluated four in vitro test methods for their ability to
identify ocular corrosives/severe irritants. Ideally, these evaluations would have included an assessment of the ability of the Draize rabbit eye test to correctly identify
human ocular corrosives/severe irritants, but comparative human and rabbit data
are not available. Therefore, using an in vivo rabbit eye test database of 181 studies,
the estimated likelihood of underpredicting a corrosive/severely irritating response
as a nonsevere response was determined to evaluate the performance of the Draize
test according to the UN Globally Harmonized ocular hazard classification system.
The distribution of individual rabbit responses within each severity class was used
to estimate the likelihood of under- and/or over-classification for a sequential 1 to 3
rabbit testing strategy. Based on three assumptions about the variability in individual rabbit responses among substances within each classification category, the estimated likelihood for underclassifying corrosives/severe irritants as nonsevere irritants or nonirritants ranged from 4% to 13%. Analyses based on test substance
physical form suggested that the underclassification likelihoods for solids were
lower than liquids (2.9%-8.3% vs. 5.4%-15.8%, respectively), although these differences were not statistically significant. Estimated likelihoods for underclassification were higher when corrosive/severe irritant classification was based solely on
persistent lesions present at observation day 21. By chemical class, carboxylic acids
had the highest underclassification likelihood (16.64%). Likelihoods for overclassification of substances as corrosive/severe irritants, based on 596 studies, were estimated to be 7%-8% for Category 2A, 1% for Category 2B, and 0% for nonirritant
substances. The overall likelihood of overclassifying a nonsevere/nonirritant, based
on prevalence, was <1%. Supported by NIEHS contract N01-ES 35504.

908

COMPARATIVE PERFORMANCE OF FOUR IN VITRO
TEST METHODS FOR THE CLASSIFICATION OF
OCULAR CORROSIVES AND SEVERE IRRITANTS
W. S. Stokes1, N. Y. Choksi2, D. G. Allen2, J. F. Truax2 and R. R. Tice1.
1
NICEATM, NIEHS/NIH/DHHS, Research Triangle Park, NC and 2Integrated
Laboratory Systems, Inc., Research Triangle park, NC.
The Draize rabbit eye test is accepted by U.S. and international regulatory authorities for the assessment of ocular hazard potential. However, concerns about animal
welfare and the reliability of the in vivo rabbit eye test have led researchers to de-

velop in vitro test methods as alternatives to the currently used Draize rabbit eye
test method. The National Toxicology Program Interagency Center for the
Evaluation of Alternative Toxicological Methods (NICEATM) and the Interagency
Coordinating Committee on the Validation of Alternative Methods ICCVAM)
evaluated the Isolated Rabbit Eye, Isolated Chicken Eye, Bovine Corneal Opacity
and Permeability, and the Hens Egg Test-Chorioallantoic Membrane test methods
for their ability to detect ocular corrosives or severe irritants. In vivo results were
classified based on U. S. and international ocular hazard classification systems (i.e.,
U.S. Environmental Protection Agency [EPA], the European Union [EU], and the
United Nations Globally Harmonized System [GHS]). Ocular corrosives and severe irritants were defined as Category 1 according to the GHS, as Category I according to the EPA, or as R41 according to the EU. In vitro results were classified
as severe irritants based on decision criteria obtained from a literature review and/or
personal communications with developers of the individual test methods. Accuracy
of the four evaluated test methods ranged from 53% to 81% for the GHS classification system; and was similar across all three regulatory classification systems for
each in vitro test method. Accuracy analyses based on the physicochemical characteristics of a test substance suggested limitations for each test method.
Intralaboratory repeatability and reproducibility and interlaboratory reproducibility were evaluated using both quantitative and qualitative approaches. The analyses
indicated that the test methods were generally reproducible within and between
testing laboratories. Supported by NIEHS contract N01-ES-35504.

909

EVALUATION OF THE RELATIONSHIP BETWEEN IN
VIVO RABBIT EYE TEST SCORES AND THEIR
REVERSIBILITY

R. R. Tice1, D. G. Allen2, N. Y. Choksi2, J. F. Truax2 and W. S. Stokes1.
1
NICEATM, NIEHS/NIH/DHHS, Research Triangle Park, NC and 2Integrated
Laboratory Systems, Inc., Research Triangle Park, NC.
The United Nations Globally Harmonized System of Classification and Labeling of
Chemicals (GHS) utilizes a single hazard category (i.e., Category 1) to identify substances that cause serious/irreversible effects on the eye, based on results in the
Draize rabbit eye test. The GHS mandates that the observation period during the
Draize test be sufficient to evaluate reversibility or irreversibility of any observed effects, but not to exceed 21 days post-exposure. Early termination (prior to day 21)
is considered acceptable for humane reasons (e.g., severe distress), when a corneal
opacity score of 4 is recorded at any time, when at least 2 out 3 animals tested have
a mean score (days 1 to 3) for corneal opacity e 3 or iritis > 1.5, or when reversal of
observed effects is established (i.e., zero score for all endpoints). The National
Toxicology Program Interagency Center for the Evaluation of Alternative
Toxicological Methods (NICEATM) conducted an analysis of available Draize eye
test data (n=3924 rabbits) to evaluate the relationship between an adverse ocular effect and reversibility within 21 days. Based on this analysis, individual rabbit
corneal opacity scores of 4 on days 1, 2, 3, 7, or 14 (n=74 rabbits) resolved (i.e., reversed to zero within 21 days) 24% (6/19), 28% (8/29), 15% (5/29), 4% (2/49),
and 0% (0/69) of the time, respectively, while corneal opacity scores of 3 on days 1,
2, 3, 7, or 14 (n=110 rabbits) resolved 40% (26/65), 39% (29/74), 36% (30/84),
11% (6/56), and 0% (0/39) of the time, respectively. Mean corneal opacity scores e
3 for days 1, 2, and 3 resolved 18% (12/65) of the time. With regard to iris effects,
an iris score of 2 on days 1, 2, 3, 7, or 14 (n=83 rabbits) resolved 71% (53/75),
66% (45/68), 57% (29/51), 36% (16/45), and 7% (2/30) of the time, respectively.
Mean iritis scores e 1.5 on days 1, 2, and 3 resolved 60% (36/60) of the time.
Supported by NIEHS contract N01-ES-35504.
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CONSIDERING THE POTENTIAL CUMULATIVE
IMPACTS OF POLLUTANTS IN DIVERSE GEOGRAPHIC
AREAS OF CALIFORNIA

J. B. Faust, M. S. Sandy, L. Zeise and G. V. Alexeeff. Office of Environmental
Health Hazard Assessment, California Environmental Protection Agency, Oakland, CA.
The California Environmental Protection Agency is exploring the development of
methodology and guidance for evaluating community-level cumulative impacts
under its Environmental Justice Action Plan. For purposes of the research presented
here, cumulative impacts are taken to be exposures, public health and environmental effects from environmental pollution from all sources through all routes of exposure, taking into account population sensitivity and socio-economic factors.
Given the challenge of assessing health impacts in the traditional risk assessment
paradigm, we are exploring the use of relevant existing national, state, and local
sources of data on pollution in order to provide indications of cumulative impact
for different geographic areas in California. Available databases address sources of
pollution such as large stationary sources, on- and off-road mobile sources, hazardous waste sites, pesticide use, and drinking water. Each database is evaluated by
several criteria: (1) relevance as a potential indicator of contribution to cumulative
impacts, (2) the quality and completeness of the data, and (3) the sensitivity of the

data to evaluate potential differences across geographical areas. Pilot environmental
justice projects are in progress in diverse locations in California, including both
urban and rural environments with different population characteristics exposed to
different environmental stressors. Indicators of potential cumulative impact are
evaluated in each area as a screening tool for locations where detailed assessment or
action may be needed to reduce pollution burden.
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METHODS OF MANUFACTURE THAT REMOVE
CONTAMINANTS FROM FISH OILS: INFORMATION
COMPILED THROUGH THE GRAS (GENERALLY
RECOGNIZED AS SAFE) NOTIFICATION PROGRAM

A. Edwards, E. Garcia, C. Hendrickson and R. Chanderbahn. Division of
Biotechnology and GRAS Notice Review (DBGNR), Office of Food Additive Safety
(OFAS), Center for Food Safety and Applied Nutrition, Food and Drug
Administration (FDA), College Park, MD.
Through the GRAS notification program (62 FR 18938; April 17, 1997), a manufacturer or individual may voluntarily notify FDA of their determination that an
ingredient such as fish oil is GRAS for its intended use in foods. FDA has received
several GRAS notices for fish oils obtained from various fish species. Fish oils are of
interest in human health as rich dietary sources of omega-3 fatty acids; however,
they are also potential dietary sources of environmental contaminants. Published
literature and information contained in GRAS notices show evidence of contamination of fish with heavy metals, pesticides, polycyclic aromatic hydrocarbons
(PAHs), polybrominated diphenyl ethers (PBDEs), polychlorinated biphenyls
(PCBs), and dioxins. GRAS notices for fish oils have addressed chemistry issues relevant to the safety of these ingredients, including source, estimated dietary exposure, method of manufacture, fatty acid composition, contaminant analyses, and
quality assurance specifications. OFAS has compiled data from the published literature regarding the removal of environmental contaminants through various oil refining steps and additional purification processes to produce food-grade fish oils.
This compilation includes safety assessment information from both government
agencies and other expert bodies. To date, the information provided in GRAS notices concurs with the published literature for edible oils that shows the ability of
standard purification processes to remove volatile environmental contaminants and
the utility of additional purification processes (e.g., molecular distillation, activated
carbon filtration) to remove less volatile organic contaminants. Herein we present
an overview of chemistry issues considered in the evaluation of safety of fish oils as
ingredients in foods and the use of purification processes to remove contaminants
from fish oils.

912

THE IMPORTANCE OF SUPPLIER QUALIFICATION
FOR VENDORS OF MATERIALS USED IN IN VITRO
ASSAYS

A. K. Ulrey, R. D. Curren and J. W. Harbell. Institute for IN VITRO Sciences,
Inc., Gaithersburg, MD.
Pre-clinical assays, including in vitro assays, rely heavily on suppliers who provide
specific products or services essential to the proper conduct of the study. The overall credibility of the assay and the results obtained from the assay are highly dependent on the quality of the supplies used. Variable results for the same control
material over time could indicate that there is high lot to lot variability for a critical
component of the assay. Monitoring positive and negative control results is one useful retrospective technique to help identify supplier quality. Instituting a supplier
qualification program provides a prospective way to document that suppliers of
critical products (such as the test system, critical media, or whole test kits) consistently adhere to the high standards necessary to support work performed in compliance with the Good Laboratory Practice (GLP) guidelines. While some suppliers
provide products, manufactured utilizing Good Manufacturing Practices (GMP)
and International Organization for Standardization (ISO 9001) standards, many
suppliers of in vitro test systems and test kits are smaller more specialized companies that may have their origins in academic research. A strong supplier qualification program, consisting of pre-qualification audits and regular evaluations, provides a framework for auditing both small and large scale suppliers against the
proper standards for each laboratory’s in vitro testing program. We have developed
a supplier qualification program including audits of Standard Operating
Procedures (SOP)s for the manufacturing process and equipment maintenance, lot
specific batch records, and training programs that has led to significant improvement in the quality of 3-dimensional tissue received for performing dermal and ocular irritation studies. We feel that it is important to share this program since in the
current regulatory environment the burden is placed on the users of the supplies to
assess the methods employed at the manufacturers’ facilities and assure that the suppliers meet a sufficient level of quality.
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A NOVEL APPROACH FOR DEFINING SCREENING
LEVELS FOR INDOOR AIR CONTAMINANTS (IACS)

E. Hodge, G. Balagopal, A. Chiu and D. Manca. Standards Development Branch,
Ontario Ministry of the Environment, Toronto, ON, Canada.
Risk management decisions for IACs displaying a toxicological threshold are often
based on the value of a hazard quotient (HQ), an expression of the degree to which
exposure exceeds a toxicity reference value. Typically, hazard quotients of 1, 10 and
100 are used to identify ranges associated with intervention levels. This approach
may be referred to as a constant ratio approach because it implicitly assumes that
hazards increase equally for all chemicals with an equivalent increase in exposure.
However, this assumption is questionable since widely different dose-response
curves are generally associated with different contaminants, or with different endpoints for the same contaminant. Thus, indiscriminate application of a constant
ratio approach may either over or under estimate the potential hazards posed by increasing exposure to contaminants. An alternative to the constant ratio approach
was developed by the Ontario Ministry of the Environment within the context of a
screening and action framework for volatile indoor air contaminants. Screening and
action ranges (SARs) for 13 volatile organic compounds (VOCs) were developed
after considering developmental and reproductive toxicity data, background indoor
air concentrations in Ontario dwellings, and the human- or human-equivalent
(H/HE-)-NOAELs and LOAELs obtained from critical studies used to derive toxicity reference values (e.g., RfC). As a result, the HQs used to develop intervention
levels are toxicologically-based and unique to each chemical. For example, for
styrene, SAR 1 is 1 < HQ < 6; SAR 2, 6 < HQ < 60; and SAR 3, HQ > 60. For
1,1,1-trichloroethane, SAR 1 is 1 < HQ < 10; SAR 2, 10 < HQ < 30; and SAR 3,
HQ > 30. This approach makes fuller use of the toxicological data underlying a
TRV, increases the reliability of a screening and action framework by facilitating the
comparison of the potency of the chemical between endpoints, and reduces the
over- or under-estimation of hazard found in a constant ratio approach.

914

STRUCTURE-ACTIVITY ANALYSIS OF CHEMICAL
HEALTH GUIDANCE VALUES

E. Demchuk1, B. C. Albin1, M. Fay1, R. M. Garrett2 and H. Hansen1.
1
Computational Toxicology Laboratory, CDC/ATSDR, Atlanta, GA and 2Defense
Intelligence Agency, Washington, DC. Sponsor: B. Fowler.
Identifying health guidance values (HGVs) for chemicals that might pose a public
health risk is a major concern of government agencies. Many types of HGVs have
been developed; over 3,000 chemicals have at least one of these values. Yet development of HGVs is an irregular process. Many chemicals might lack an HGV of interest, and a far greater number of potentially harmful chemicals completely lack
HGVs. Of approximately 4,000 chemicals found at U.S. hazardous waste sites,
only 160 (4%) have an ATSDR Minimal Risk Level (MRL). For chemicals without
HGVs, ATSDR is developing procedures for generating provisional surrogate values using computational toxicology methods, and prioritizing them for additional
investigations. As a test case, the underlying values for 29 chronic oral MRLs were
benchmarked against the chronic oral Lowest Observed Adverse Effect Level
(LOAEL) model of TOPKAT® 6.2. On a log-log scale, predicted and actual values
were 69% correlated. Half of predicted values were within a factor of 3 of their actual value, and three quarters were within 10. The variance can be explained by
considering that TOPKAT is trained on the rat body weight endpoint, whereas
MRLs are derived from data on all relevant endpoints for all relevant species. The
observed association indicates, on one hand, that MRLs have a propensity for modeling from chemical structure, but on the other, that additional information may
improve model fidelity. We consider HGVs other than MRLs along with common
toxicological end points as a source of such information. For instance, at the previous meeting one of us (M.F.) reported a 79% correlation coefficient between inhalation MRLs and LC50s. Synthesis of these results provides a model for the development of provisional surrogate HGVs for emergency responders and others on
a pro-active basis.

915

PREDICTION OF SKIN ABSORPTION OF CHEMICALS
USING STRUCTURE ACTIVITY RELATIONSHIP
APPROACH

S. Basak2, D. Mills2, S. Chou1 and M. Mumtaz1. 1CDC/ATSDR, Atlanta, GA
and 2University of MN Natural Resources, Duluth, MN.
Exposure to toxicants occurs through multiple environmental media and routes of
exposure. Skin exposure from contaminated water could become a major route of
exposure in addition to oral ingestion. However, very little data are available on dermal absorption and toxicity assessment of environmental chemicals. To fill this
need, experimental data from a diverse set of 101 chemicals were obtained from the
literature that included log Kp values. Molecular descriptors including topostructural (TS), topochemical (TC), shape or 3-dimensional (3D), and quantum chem-
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ical (QC) indices were calculated. Based on this information a generic predictive
model was developed for permeability coefficients. In addition, two submodels
were prepared for subsets of 79 cyclic and 22 acyclic chemicals. A modified GramSchmidt variable reduction algorithm for descriptor thinning followed regression
analyses using ridge regression (RR), principal components regression (PCA), and
partial least squares regression (PLS). The RR results were found to be superior to
PLS and PCA regressions. The cross validation correlation coefficients for the full
set and subsets were 0.83-0.87. The experimentally determined and predicted values for some chemicals were respectively as follows: Benzaldehyde (-0.85 vs -0.95);
Meperidine (-2.43 vs -2.35); 2-Cresol (-1.81 vs -1.74); and 2,4-Dichlorophenol (1.22 vs -1.37). Computational methods such as quantitative structure activity relationships (QSAR) can be used to augment existing data to prioritize chemicals that
need to be studied further for toxicological evaluation and risk assessment.
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RISK RANKING ALGORITHMS FOR SOLVENT
SUBSTITUTION IN THE WORKPLACE
M. Debia, D. Begin, K. Krishnan and M. Gerin. Environmental and
Occupational Health, Universite de Montréal, Montréal, QC, Canada.
Substitution refers to the preventive measure of replacing a highly toxic substance
by a less toxic substance. Based on the consideration of several occupational health,
safety and environmental criteria, solvents can be ranked for suggesting the appropriate substitute, for a particular use situation. The present study was undertaken to
evaluate the use of several risk ranking algorithms in determining solvent substitution in occupational settings. Fourteen solvents were selected for this study: (a)
eight “traditional” solvents (methanol, trichloroethylene, n-hexane, toluene,
dichloromethane, perchloroethylene, acetone and 2-ethoxyethanol) for which substitution is sought; and (b) six “new” solvents (N-methyl-2-pyrrolidone, dimethylsulfoxide, d-limonene, ethyl lactate, 1-bromopropane and benzyl alcohol) which
have been judged after a thorough toxicological and environmental evaluation as
acceptable replacements in most situations, except 1-bromopropane. The following
4 methods were applied to the 14 solvents: vapour hazard ratio (VHR), substitution factor index (SUBFAC, Denmark), Air index from the Waste Reduction
Algorithm (WAR) of the U.S.EPA, and Indiana Relative Chemical Hazard Score
(IRCHS) index. VHR and SUBFAC are simple algorithms that take into account
the OEL (Occupational exposure limit) and vapour pressure or evaporation rate to
estimate risks. IRCHS is a complex algorithm with several parameters like carcinogenicity, OEL, vapour pressure, flammability and environmental considerations.
The Air index is a complex algorithm resulting in an environmental hazard index.
According to VHR and SUBFAC, the five solvents judged to be acceptable obtained the best scores. With the Air index classification, d-limonene is ranked worse
than 2-ethoxyethanol, while IRCHS classifies 1-bromopropane among acceptable
solvents. Overall, while VHR and SUBFAC appear to be the most promising tools
on this set of substances, they are limited by not taking environmental factors into
account. Better tools need to be developed which integrate occupational health,
safety and environmental criteria.
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SCIENTIFIC RATIONALE FOR DERIVING DATABASE
UNCERTAINTY FACTORS FOR SAFE DOSE ESTIMATES
THAT ARE PROTECTIVE OF CHILDREN
B. Gadagbui, M. L. Dourson and A. Maier. Toxicology Excellence for Risk
Assessment (TERA), Cincinnati, OH.
Potential effects of toxicants on childhood, reproduction, and development are regularly explored when setting safe exposure levels [e.g., reference doses or concentrations (RfDs or RfCs)] that are expected to protect children’s health. In setting such
safe exposure levels, the EPA commonly uses an uncertainty factor, routinely referred to as database uncertainty factor, UFD, of 3 or 10 for varying degrees of data
base incompleteness when information suggests that developmental, reproductive
or developmental neurotoxicity may be the critical effect in the absence of specific
information. Since the current default value of UFD is based on an analysis of data
sets for a fair number of pesticides in the late 1980s, we compiled toxicity data from
experimental animals for classes of chemicals with diverse mechanisms of action
and used this compilation to explore the procedure for deriving safe doses when no
adequate human or animal reproductive or developmental studies are available. The
compilation provides opportunity to investigate whether the current defaults are
supported by an updated comparison of study effect levels for systemic versus reproductive and developmental endpoints on other chemical classes and a larger
number of chemicals. It also provides an estimate of how often the most sensitive
endpoint would be missed in the absence of reproductive or developmental studies,
and directly relates to the value of UFD. Based on the present compilation, the default uncertainty factor of 10 does is not always consistent with a 95% coverage of
the distribution of the chemicals used in the analysis when reproductive and developmental no-adverse-effect levels (NOAELs) are missing and a chronic experimental animal NOAEL is available in only one species. Although the EPA default UFD
may not be adequate for some combinations of studies, particularly for protecting
against effects on reproduction, it appears more than adequate for other combinations of studies.
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KEY STEPS NEEDED FOR EVALUATING SENSITIVE
TOXICOLOGICAL EFFECTS FOR HAZARD
IDENTIFICATION

H. Choudhury1, C. Moudgal2, J. Colman3 and M. Odin3. 1ORD/NCEA,
USEPA, Cincinnati, OH, 2ORD, USEPA, Cincinnati, OH and 3Syracuse Research
Corporation, SRC, Syracuse, NY.
Hazard identification is a key component of risk assessment. The most important
steps in the hazard identification process are finding the critical effect of a chemical,
known also as the most sensitive adverse effect, and identifying the known precursor event. In order to be applicable to hazard identification, both the critical effect
and the known precursor event must be relevant to humans for exposure route and
duration of concern. Because toxicity data may often be generated for purposes
other than risk assessment, risk assessors must evaluate the relevance and suitability
of the published studies to determine whether the data support risk assessment activities. This presentation will outline key steps to identify critical effects, including:
(1) evaluating the experimental designs and results of human and animal studies,
(2) examining the duration and route of exposure, (3) evaluating the biological and
statistical significance of adverse effects, (4) extrapolating animal data to humans
and (5) selecting the most sensitive effect relevant to humans. We will discuss application of available published guidelines to evaluate consistency of data across
species, mode of action, and dose-response for selection of critical effects in principal and supporting studies. (This presentation does not necessarily reflect the views
and policies of the U.S. EPA)
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DI-(2-ETHYLHEXYL)-PHTHALATE ALTERS
EXPRESSION OF FATTY ACID HOMEOSTASIS
REGULATING PROTEINS IN THE DEVELOPING RAT
PLACENTA

Y. Xu, T. J. Cook and G. T. Knipp. Department of Pharmaceutics, Rutgers, The
State University of New Jersey, Piscataway, NJ.
Di(2-ethylhexyl)phthalate (DEHP) is a widely used plasticizer, ubiquitous environmental contaminant and teratogen. The potential health hazards from exposure to
DEHP may be related to its role in influencing placental/fetal essential fatty acid
(EFA) homeostasis via the trans-activation of peroxisome proliferator-activated receptors (PPARs) and their subsequent regulation of fatty acid transporters and metabolizing enzymes. In this study, female Sprague-Dawley rats were dosed by oral
gavage with the control vehicle or DEHP (750mg/kg or 1500mg/kg) from gestational day (GD) 0 to GD 13 or GD20. Changes in the mRNA and protein expression of EFA homeostasis regulation proteins were determined in the junctional
(JXN) and labyrinthine (LAB) zones of the developing rat placenta at GD 13 and
20 by semi-quantitative RT-PCR and Western blotting. The EFA regulatory proteins included: PPAR isoforms (α, β, and γ); fatty acid translocase (FAT/CD36);
fatty acid transport protein 1 (FATP1); plasma membrane fatty acid binding protein (FABPpm); heart cytoplasmic fatty acid binding protein (HFABP); cytochrome P450 (CYP) 4A1; and cyclooxygenases (COX)-1 and -2. In addition,
functional changes of the COX proteins were evaluated by determining changes in
prostaglandin (PG) production. DEHP elicited dose-dependent maternal and fetal
toxicity including a decrease in maternal weight gain, an increase in maternal and
fetal liver weight, lower fetal weight, and a higher incidence of resorptions. The expression of PPARα, PPARγ, FAT, FATP1, HFABP and CYP4A1 were up-regulated
in the JXN and LAB zones. COX-2, however, was down-regulated in the JXN
zone, which correlated with an observed decrease in total PG production. PPARβ,
FABPpm and COX-1 demonstrated variable expression. These results are consistent with our previous in vitro data and suggest that exposure to DEHP can influence EFA transfer across the placenta, and thus contribute to aberrant placental
EFA homeostasis and potentially lead to adverse effects in the fetus.
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NEAR INFRARED LIGHT THERAPY ATTENUATES
DIOXIN-INDUCED EMBRYO MORTALITY

R. L. Yeager1, J. Lim1, D. S. Millsap1, R. A. Sanders2, J. B. Watkins2, H. T.
Whelan4, J. T. Eells3 and D. S. Henshel1. 1School of Public and Environmental
Affairs, Indiana University, Bloomington, IN, 2Medical Sciences, Indiana University,
Bloomington, IN, 3Health Sciences, University of Wisconsin-Milwaukee, Milwaukee,
WI and 4Neurology, Medical College of Wisconsin, Milwaukee, WI.
2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) is a potent developmental toxicant
that causes increased embryo mortality. TCDD is known to induce cellular oxidative stress and increase late embryo mortality with a lethality threshold above 100
ppt and an LD50 of approximately 200 ppt. Studies have shown that light in the farred to near-infrared (NIR) range of the spectrum interacts with cytochrome oxidase
in mitochondria, triggering signaling mechanisms which result in improved mitochondrial energy metabolism, increased expression of antioxidant enzymes, and cell
survival. Therefore, we tested the hypothesis that in ovo treatment with a NIR-LED

array would attenuate the early embryonic mortality and decreased ATP content
that results from developmental exposure to TCDD. Domestic chicken eggs (Gallus
gallus) were divided into ten treatment groups: no-inject, sunflower oil vehicle, and
2, 20, 200 ppt TCDD, all with or without LED treatment at 670 nm (fluence of 4
J/cm2 at 24 h intervals). Upon sacrifice (within 30 hrs. of hatch), the right half of
the cerebellum was flash frozen in liquid nitrogen. Samples were stored at -80°C
and assayed for ATP content by means of luciferin-luciferase luminometry. At
lethal concentrations of TCDD (>100 ppt), at which LED-therapy significantly
(p<0.05) decreased TCDD-induced mortality (31.8%), we observed a significant
(p<0.05) increase in brain ATP content (18.3%) compared to the non-LED treated
200 ppt cohort. These data support our hypothesis that 670 nm LED treatment
improves mitochondrial energy metabolism resulting in increased ATP production
for hatching and reducing late embryo death induced by TCDD. These studies
may facilitate the development of NIR light as non-invasive treatment for oxidative
stress related birth defects.
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5α-DIHYDROTESTOSTERONE (DHT) HAS EFFECTS
ON VENTRAL PROSTATIC BUD FORMATION IN MICE
INDEPENDENT OF THE CLASSIC ANDROGEN
RECEPTOR
S. H. Allgeier1, T. Lin2 and R. E. Peterson2, 1. 1Molecular and Environmental
Toxicology Center, University of Wisconsin, Madison, WI and 2School of Pharmacy,
University of Wisconsin, Madison, WI.
Maternal 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) treatment on gestation day
(GD) 13 prevents prostatic buds from forming in the ventral region of the fetal prostatic anlage, the urogenital sinus (UGS), resulting in ventral prostate agenesis in
C57BL/6J male mice. Effects of TCDD on dorsolateral and anterior prostatic bud
formation are much less severe, indicating the potential for region-specific prostatic
bud initiation mechanisms with varying susceptibility to disruption by TCDD.
Prostatic bud formation is believed to require androgen signaling through androgen
receptors (ARs) in the UGS mesenchyme, which directs development of prostatic
buds from the UGS epithelium. We have demonstrated, however, that rudimentary
ventral prostatic buds form in female mouse fetuses, where endogenous androgens
levels are insufficient to promote dorsolateral or anterior prostatic bud formation or
changes in UGS shape associated with masculinization. This phenotype is replicated in males exposed in utero to the anti-androgen flutamide and in testicularfeminized (Tfm) males, in which the only AR known to exist is non-functional.
These findings indicate that the initiation of ventral prostatic bud formation is androgen-independent. Interestingly, Tfm males exposed in utero to sufficient exogenous DHT to fully masculinize the UGSs of female littermates exhibit enhanced
rudimentary ventral bud formation. Specifically, the number and size of ventral
buds are increased. These findings suggest the existence of a mechanism for DHT
action in the ventral region of the fetal UGS that is independent of the only known
AR. Because endogenous androgens are present at some level in all systems studied,
androgen action via a different AR or independent of any ARs may be required for
initiation of ventral bud formation, and TCDD may inhibit this non-classic mechanism to prevent ventral prostatic bud formation. (NIH grants ES01332 and
HD49323)
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DIFFERENTIATION OF FEMALE UROGENITAL SINUS
(UGS) TRANSPLANTS IN NUDE MICE: AN
ALTERNATIVE MODEL TO INVESTIGATE VENTRAL
PROSTATE (VP) AGENESIS CAUSED BY 2,3,7,8TETRACHLORODIBENZO-P-DIOXIN (TCDD)
T. Lin and R. E. Peterson. School of Pharmacy, University of Wisconsin, Madison, WI.
Mouse prostate development starts as projections (buds) of UGS basal epithelial
cells into the surrounding mesenchyme on Gestation Day (GD) 16. Budding is
thought to be androgen dependent; normal female USG has only rudimentary ventral buds (VBs). In males, in utero TCDD exposure blocks VB formation and reduces dorsolateral bud (DLB) number. To determine if rudimentary VBs in females
provide an alternative model to elucidate mechanisms by which TCDD prevents
VB formation in males, C57Bl/6J dams were implanted on GD 13 with sustainedrelease pellets containing 5α-dihydrotestosterone (DHT), flutamide, or vehicle.
Budding was evaluated by light microscopy on GD 19. DHT-exposed female
UGSs closely resembled normal male UGSs. Flutamide-exposed UGSs had the typical female phenotype: no DLBs and rudimentary VBs. Consequently, while DLB
bud formation and VB growth are androgen dependent, VB initiation is apparently
androgen independent. To determine if rudimentary VBs are capable of developing
into VP, GD 19 UGSs were transplanted into the subrenal capsule space of adult
male nude mice. After 28 days, tissues were evaluated for prostatic differentiation.
Regardless of whether VBs on GD19 were well-developed (male/vehicle,
male/DHT, female/DHT groups) or rudimentary (female/vehicle, male/flutamide,
female/flutamide groups), all tissues had comparable amounts of mRNA for MP25,
a VP-specific secretory protein. These results indicate that rudimentary VBs can develop into fully differentiated VP if androgens are present. Other recent findings
demonstrate that TCDD blocks female VB formation in an androgen-independent
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fashion. The absence of DLBs from female UGS, the sensitivity of female VBs to
TCDD, the potential for rudimentary VBs in females to develop into VP, and the
ability to control androgen stimulation demonstrate that transplant studies with female UGS provide a useful alternative model to investigate effects of TCDD on VP
development. (Supported by NIH ES01332)
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MODULATION OF RETINOIC ACID SIGNALING MAY
CONTRIBUTE TO IMPAIRMENT OF VENTRAL
PROSTATIC BUD FORMATION BY TCDD IN THE
UROGENITAL SINUS OF MALE FETAL MICE
C. Vezina1, H. Lee2, M. C. Goldberg1, K. H. Kim2 and R. E. Peterson1. 1School
of Pharmacy, UW-Madison, Madison, WI and 2School of Molecular Biosciences,
Washington State University., Pullman, WA.
Mouse prostate development is impaired by 2,3,7,8-tetrachlorodibenzo-p-dioxin
(TCDD), which blocks formation of epithelial buds that give rise to prostate ducts
in the ventral urogenital sinus (vUGS) of the fetus, culminating in ventral prostate
agenesis. Retinoic acid is a master regulator of development that acts in part by controlling homeobox (hox) gene expression. This study investigated the retinoic acid
signaling pathway and Hoxa13 gene expression in developing mouse prostate following exposure of fetuses to vehicle or TCDD. Retinoic acid receptor α (RARα)
protein was detected in UGS mesenchyme and epithelium of vehicle and TCDDexposed male fetuses, while RARα and RARα proteins were not. Whole-mount in
situ hybridization demonstrated that TCDD exposure on GD15 abrogated Hoxa13
mRNA expression in the vUGS mesenchyme, but not other regions of the GD19
male mouse fetus UGS. These observations suggest that interference with retinoid
signaling may be one mechanism by which TCDD inhibits prostatic budding in
the vUGS. Consistent with this hypothesis, a retinoid-responsive reporter gene
bioassay indicated that vUGS tissue extracts from dioxin-exposed male mouse fetuses contained 2-fold higher retinoid levels than those from vehicle-exposed fetuses, while retinoid levels were not altered in other UGS regions. Quantitative
real-time RT-PCR revealed that mRNA abundance of Raldh2, an enzyme responsible for synthesis of the biologically active all-trans retinoic acid, was induced by
TCDD exposure in vUGM tissue but not other UGS regions. Together, these data
suggest that altered retinoid signaling in male mouse UGS may contribute to inhibition of ventral prostatic budding by TCDD (NIH grant ES01332).
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INTERFERENCE WITH BMP4 SIGNALING BY IN
UTERO TCDD EXPOSURE MAY CONTRIBUTE TO
INHIBITION OF PROSTATIC BUD FORMATION FROM
THE VENTRAL UROGENITAL SINUS OF MALE FETAL
MICE
W. A. Fritz, C. Vezina and R. E. Peterson. School of Pharmacy, UW-Madison,
Madison, WI.
Mouse prostate development is impaired by 2,3,7,8-tetrachlorodibenzo-p-dioxin
(TCDD), which blocks formation of epithelial buds that give rise to prostatic ducts
in the ventral urogenital sinus (vUGS) of male fetuses, culminating in ventral
prostate agenesis. The objective of this study was to investigate the effect of TCDD
exposure on the bone morphogenetic protein 4 (BMP4) signaling pathway in the
UGS of male mouse fetuses. Whole-mount in situ hybridization demonstrated that
TCDD exposure on GD15 abrogated Bmp4 mRNA expression and Bmp4-dependent expression of Smad6 and Id1 mRNAs in the vUGS mesenchyme of GD19 fetuses. However, TCDD did not alter the mRNA abundance of Msx1 in vUGS mesenchyme, a transcription factor that regulates Bmp4 expression. These data suggest
that TCDD is a negative regulator of BMP4 signaling that acts downstream of
Msx1. While it was demonstrated previously that BMP4 overabundance inhibited
prostatic bud formation in vitro, UGS specimens from TCDD exposed fetuses provide a unique opportunity to characterize prostatic bud formation during BMP4
deficiency. The budding phenotype during TCDD-induced BMP4 deficiency was
similar to that observed during BMP overabundance, revealing a potential inverted
U-shaped dose-response relationship between BMP4 expression and ventral UGS
bud formation. (NIH grant ES01332).
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EFFECT OF FLUTAMIDE AND ICI 182.780 ON THE
CELL-CELL ADHESION ASSOCIATE PROTEINS IN THE
MOUSE SEMINIFEROUS TUBULES
R. Anahara1, Y. Toyama2, M. Maekawa2, M. Yoshida1, M. Kai3, F. Ishino3, K.
Toshimori2 and C. Mori1, 4. 1Bioenvironmental Medicine, Chiba University, Chiba,
Japan, 2Department of Anatomy and Developmental Biology, Chiba University,
Chiba, Japan, 3Medical Research Institute, Tokyo Medical and Dental University,
Tokyo, Japan and 4Ctr Environ Health Sciences for Future Generations (NPO),
Chiba, Japan.
Our previous study demonstrated that flutamide (FLUT) and ICI182.780(ICI) induced ultrastructural defects of the apical ectoplasmic specialization (ES) in the
mouse testis. The apical ES is an actin-based junctional structure. Several kinds of
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proteins in ES which seem to be a role of spermiogenesis. Cortactin, an actin-binding protein, is found in the actin layer of ES. Also, integrin-linked kinase (ILK) is
especially shown to colocalize with β1-integrin at sites of ES. ICR mice were subcutaneously injected with either FLUT or ICI (1.2g/kg/day). The protein level of
cortactin, ILK and β1-integrin was demonstrated in FLUT- and ICI-treated seminiferous tubules of stages from VI-IX or X-V by Western blot analysis. In FLUTtreated seminiferous tubules, the protein level of cortactin in stages VI-X and that
of ILK in stages X-V was drastically decreased. Whereas in ICI-treated seminiferous
tubules, the protein level of cortactin in stages X-V and that of ILK in stages VI-IX
was decreased. The protein level of β1-integrin was increased in both treated stages
X-V. This study presents that FLUT and ICI affect expression levels of cortactin,
ILK and β1-integrin stage specifically. It is hypothesized that cortacitn and both
proteins (ILK and β1-integrin) is not colocalized directly because the variation of
protein expression in stage was difference from cortactin and other proteins by
chemical treatments. Also, the ES dynamics may be mediated by cortacitn and
other proteins. Therefore, we suggest that some protein may become the possibility
of the protein index about exogenous chemical exposure. These results may help us
to understand the cortactin-protein-expression underlying histological abnormalities of spermatogenesis induced by exogenous hormonal chemical treatment.
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IDENTIFICATION OF REGION-SPECIFIC GENE
EXPRESSION CHANGES AND SIGNALLING
PATHWAYS AFFECTED BY DIBUTYL PHTHALATE IN
FOETAL RAT TESTES

S. Plummer1, R. Sharpe2 and C. Elcombe1. 1CXR Biosciences LTD., Dundee,
United Kingdom and 2MRC Human Reproductive Sciences Unit, Edinburgh, United
Kingdom.
Transcriptional profiling of RNA isolated from laser capture microdissected interstitial (INT) and tubular (TUB) regions of foetal testes of Wistar rats exposed in
utero to 500 mg/Kg di(n-butyl)phthalate (DBP) was performed in order to identify
signalling pathways associated with DBP-induced testicular dysgenesis and to determine the region-specificity of the gene expression alterations. High density microarray analysis (rat whole genome array) in foetal testes at gestational day (GD) 19 of
RNA isolated from INT or TUB regions identified genes that were significantly regulated (signature lists, P<0.01). Luminator software was used to compare signature
gene lists. This analysis identified genes that were uniquely or commonly regulated
by DBP in the two regions. Effects on pathways regulating steroidogenesis (StAR,
INHA), cholesterol synthesis (HMGCS, IDI), fatty acid oxidation (SCD) and
testes morphogenesis (CRABP2, FAT) were focussed to the INT (Leydig cell) region. By contrast genes involved in Mullerian duct regression (AMH), chromatin
bending (HMGB1, HMGN2), phagocytosis (MARKS) and the response to hypoxia (HIF1A) were uniquely altered in the TUB (Sertoli cell) region. Genes that
were identified as being commonly regulated by DBP in both testicular regions
were associated with steroidogenesis (DBI, FABP5, SCARB1, Cyp 17A) and
cell/tissue assembly (PHGDH, ARPC5, SERPING1). Immunohistochemical
analysis of foetal testes confirmed the region-specificity of RNA-level alterations to
several genes at the protein level. For example, CRAPB2 and PEBP, were specifically
down-regulated in Leydig cells. These results indicate that DBP-induced testicular
dysgenesis involves region- and cell- type-specific effects on a number of genes
many of which are regulated by nuclear hormone receptors.
These studies were partially funded by the European Council for Plasticisers and
Intermediates (ECPI)
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DISRUPTION OF NORMAL EMBRYONIC
ANGIOGENESIS BY DIRECT EXPOSURE OF
MAINSTREAM WHOLE SMOKE SOLUTIONS OF
COMMERCIAL CIGARETTES

C. Lim1, 2, 3, S. Ejaz1, 2, 3 and I. Chekarova1, 2, 3. 1Department of Pathology,
Chonbuk National University, Jeonju, Jeonju, South Korea, 2Department of
Pathology, Chonbuk National University, Jeonju, Jeonju, South Korea and
3
Department of Pathology, Chonbuk National University, Jeonju, Jeonju, South Korea.
Sponsor: C. Lim.
Angiogenesis is activated in the female reproductive system during embryogenesis
and embryo implantation. Smoking during pregnancy has been linked to interfere
with normal process of angiogenesis resulting an increased incidence of ectopic
pregnancy, spontaneous abortion, preterm delivery and sudden infant death syndrome. Chorioallantoic membrane (CAM) assay was used as an alternative in vivo
approach to evaluate the toxicological effects of different mainstream whole smoke
solutions (MSWSS) of commercial cigarettes on embryonic angiogenesis. Seventy
5-day-old CAMs, divided in seven groups were exposed to MSWSS with different
nicotine concentration: 0.2 mg (group B), 0.3 mg (group C), 0.5 mg (group D),
0.6 mg (group E), 0.7 mg (group F) and 1mg (group G). All smoke solutions
caused varying levels of disruption on the normal process of angiogenesis and have

shown to adversely affect the diameters of blood vessels, capillary plexus formation
and organization of the fibrillar materials of CAMs. Abbot curve, angular spectrum
and 3D surface roughness of CAMs were also measured for precise quantification
of angiogenesis. Moderate to dramatic changes were observed in all treated groups
with a very highly significant (P < 0.001) disruption observed on CAMs of group
G. No significant change was observed in different groups treated with pure nicotine. Current observations demonstrated that MSWSS of different commercial cigarettes have toxic effects on the process of angiogenesis and smoking during pregnancy may lead to an increased risk of spontaneous abortion and preterm delivery.
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LOW DOSE INHALATION OF CIGARETTE SMOKE
SHORTENS DURATION OF GESTATION AND ALTERS
HORMONE LEVELS IMPORTANT FOR GESTATION
AND PARTURITION IN AN ANIMAL MODEL

S. P. Ng, B. G. Steinetz and J. T. Zelikoff. Environmental Medicine, New York
University School of Medicine, Tuxedo, NY.
Epidemiologic evidence indicates that maternal smoking increases the risk of
preterm birth. While a number of plausible mechanisms for early delivery have
been offered, the role of gestational hormones in this smoke-induced outcome is
uncertain. Thus, a toxicologic study was performed to examine the effects and underlying hormonal mechanisms of mainstream cigarette smoke (MCS) exposure on
gestational duration. Pregnant B6C3F1 mice were exposed by inhalation to MCS
for 5 d/wk (4 hr/d) from gestational day (GD) 4 to parturition and smoke-induced
effects on gestational length, pubic symphysis diameter, maternal hormone secretion patterns (estrogen, progesterone, prolactin, and relaxin), body weight gain,
post-implantation loss, litter size, and offspring female:male ratio were examined.
At a concentration of smoke equivalent to smoking ≤1 pack of cigarettes/d
(CO=25ppm, TSP=16mg/m3), dams exposed to MCS demonstrated a significant
shortening of gestational duration (compared to air-exposed parous mice). Smokeexposed mice sacrificed on GD18 had an increased pubic symphysis diameter, elevated serum estrogen levels and reduced progesterone to estrogen ratio (compared
to the air controls); levels of progesterone and prolactin were modestly (p<0.1) decreased and increased, respectively in the MCS-exposed mice. No effects of smoke
exposure were observed on maternal relaxin levels, body weight gain, post-implantation loss, litter size, or offspring female:male ratio. Results demonstrate that inhalation exposure of pregnant mice to a low dose of MCS shortens gestation and alters hormone secretory patterns important for maintaining pregnancy and inducing
parturition. This study suggests that pregnant women who smoke (even modestly)
may be at increased risk of preterm birth, and that early delivery may be related (at
least, in part) to MCS-induced alterations in gestational hormones. Supported by
Philip Morris Foundation Inc.
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REPRODUCTIVE AND DEVELOPMENTAL TOXICITY
OF POLYCYCLIC AROMATIC HYDROCARBONS (PAHS)

J. C. Benedict. National Center for Environmental Assessment, Office of Research
and Development, USEPA, Washington, DC.
Ambient air pollution has been reported to be associated with reduced fetal birth
weight and length, intrauterine growth, and length of gestation. These effects could
have important health implications and have been linked to morbidity and mortality, coronary heart disease, and diabetes. PAHs are a group of ubiquitous environmental contaminants that are formed from incomplete combustion and pyrolysis of
organic materials and often occur as components of complex mixtures in ambient
air (i.e., cigarette smoke, automobile exhaust, and industrial emissions). Proposals
have been made indicating that PAHs may be responsible for adverse reproductive
and developmental outcomes from exposure to ambient air pollution and dust from
the World Trade Center disaster in New York. The available literature was reviewed
to identify studies related to PAH-induced reproductive and developmental toxicity
and potential mode of action. Data describing the effects of PAHs on fetal birth
weight and length, gestation length, intrauterine growth retardation, fetal mortality, and head circumference were identified. Evidence in laboratory animals indicates that exposure to PAHs may lead to impaired fertility, altered folliculogenesis,
increased incidence of fetal resorptions, and decreased fetal body weight and survival. Human studies have been less definitive in providing an association between
PAHs and adverse reproductive and developmental outcomes. The available human
and animal evidence suggests that PAHs may affect the developing fetus, but this
association has not been unequivocally defined. A lack of measurement of exposure
concentrations, timing of exposure during pregnancy, and possible co-exposure to
other chemicals confound the results of these studies. Mode of action information
may aid in clarification of the role of PAHs in reproductive and developmental toxicity in humans. DISCLAIMER: Although this work was reviewed by the U.S.
EPA and approved for publication, it may not necessarily reflect official Agency
policy.
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EFFECTS OF MATERNAL DIETS ON THE
DEVELOPMENT OF THE OFFSPRING AND ITS
VULNERABILITY FOR CHEMICALLY INDUCED
NEUROTOXICITY

A. Wolterbeek1, S. Eussen1, R. Jansink1, L. vd Horst1, M. Otto1, I. Waalkens1,
A. Dijkstra1, F. Salmon2, H. Wortelboer2, W. Pasman2, H. Hendriks2, I.
Bobeldijk3, J. Groten2 and D. de Groot1. 1Toxicology and Applied Pharmacology,
TNO Quality of Life, Zeist, Netherlands, 2Physiological Sciences, TNO Quality of
Life, Zeist, Netherlands and 3Analytical Sciences, TNO Quality of Life, Zeist,
Netherlands. Sponsor: V. Feron.
Three groups of female Wistar rats were kept on a control diet, a western style type
diet (based on sweetened condensed milk)or a deficient diet (up to 70% cellulose)
during 6 weeks premating, gestation and lactation in order to investigate the effects
of maternal diets on 1) the (neuro)developmental and weight maintenance of the
offspring and 2) the vulnerability of the developing brain of the fetus and newborn
to environmental influences.
Hereto, F1-pups were cross-fostered on postnatal day 1 (PN1) to dams of the same
group of to dams of the other two dietart groups to obtain 9 different groups. F1pups were fed the various diets up to PN70. Body weight/mass (change) of the
dams and pups were measured regularly and pups were subjected to a series of
(neuro)developmental tests. To investigate environmental influences, the vulnaribility for chemically induced neurotoxicity was studied in a number of subgroups.
To that end, these F1-pups were treated subcutaneously with MAM (from PN day
2-5, 2 times a day) or MeHg (from PN day 2-21). These pups were additionally (repeatedly) subjected to a Functional Operational Battery and a number of behavioral tests on motor activity, anxiety and cognition. At the time-point of submission
of this abstract, the study is on-going. The results, so far, indicate that prior to mating, the female rats, set on high fat diet (n=31), restricted diet (n=28) or standard
diet (n=28) for 6 weeks measure significantly different body weights and body volume and slight effects on reproduction were observed. The effects of diet manipulation on weight maintenance, (neuro) development of the F1-pups and the vulnerability of the F1 rats for exposure to chemically induced neurotoxicity are being
studied in the on-going study and the results will be presented at the meeting.
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COPLANAR HEXABROMOBIPHENYL NEONATAL
LETHALITY IN HIGH-AFFINITY AHR MICE IS CAUSED
PRINCIPALLY BY EXPOSURE IN UTERO RATHER THAN
VIA MOTHER’S MILK

K. A. Miller1, C. P. Curran1, T. P. Dalton1, C. V. Vorhees2, M. L. Miller1, H.
G. Shertzer1 and D. W. Nebert1. 1Environmental Health, University of Cincinnati,
Cincinnati, OH and 2Neurology, Cincinnati Children’s Hospital Research Foundation,
Cincinnati, OH.
Coplanar polybrominated biphenyls (PBBs) and PCBs bind the aryl hydrocarbon
receptor(AHR) while non-coplanar congeners do not. Previous work in our lab
compared coplanar 3,3’,4,4’,5,5’-hexabromobiphenyl (cHBB) with non-coplanar
2,2’,4,4’,6,6’-hexabromobiphenyl (ncHBB) given on gestational day 5(GD5) to
C57BL/6J(B6) mice having the high-affinity AHR and to B6.D2-Ahrd congenic
mice with a low-affinity AHR on a B6 genetic background. Neonatal lethality and
atrophy of the spleen and thymus occurred in B6 pups whose mothers had received
as low 2.5 mg/kg cHBB. No lethality was seen in B6.D2Ahrd or Ahr(-/-) pups
whose mothers received 100 mg/kg cHBB or in any pups whose mothers received
100 mg/kg ncHBB. To determine if persistent AHR activation during gestation
could explain this phenomenon, we cross-fostered pups from corn oil-treated dams
to cHBB-treated dams and pups from cHBB-treated dams to corn oil-treated dams.
Pups from corn oil-treated dams all survived the first week postpartum. Only 21%
of pups exposed to cHBB in utero could be rescued by cross-fostering to corn oiltreated dams. Interestingly, B6 pups nursed by cHBB-treated dams eventually
began losing weight and died by postnatal day 15. There was no lethality in Ahr(-/) or B6.D2-Ahrd pups exposed to cHBB in mother’s milk. To examine the distribution of toxicant, we spiked CHBB with 14C-labeled hexachlorobiphenyl and dosed
B6 and B6.D2-Ahrd dams on GD5. The radiolabel was 2.2-fold higher in B6 maternal liver and 4.5-fold higher in B6 fetal liver at GD18 compared with B6.D2Ahrd dams and pups respectively. Our results suggest that persistent activation of
the AHR by cHBB is likely the critical factor responsible for the neonatal lethality.
Supported, in part, by NIH grants R01 ES08147, DK059803 and P30 ES06096.
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GENE EXPRESSION PROFILING IN THE LUNG AND
LIVER OF PFOA EXPOSED MOUSE FETUSES

M. Rosen, J. R. Thibodeaux, C. R. Wood, R. D. Zehr, J. E. Schmid and C.
Lau. ORD/NHEERL/RTD, USEPA, RTP, NC, NC.
Perfluorooctanoic acid (PFOA) is a stable perfluoroalkyl acid (PFAA) used to synthesize fluoropolymers during the manufacture of a wide variety of products.
Concerns have been raised over the potential health effects of PFAA’s, in part, due
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to the persistence of these fluorinated organic molecules in the environment. In
particular, PFOA and perfluorooctane sulfonate (PFOS) have been of interest because they can be detected at low concentrations in the blood and other tissues of
many animal species, including humans, and have demonstrated toxicity in laboratory animals. Both compounds, for example, have been shown to induce growth
deficits and mortality in rodent neonates. To better understand the mechanism of
PFOA induced developmental toxicity we have initiated studies to examine the
lung and liver gene expression profiles from exposed full-term mouse fetuses. In the
current experiment, 15 timed-pregnant CD-1 mice were orally dosed from GD 219 with either 0, 5, or 10 mg/kg/day PFOA in water. At term, fetal lung and liver
were collected, total RNA prepared, and samples pooled from three fetuses per litter. Five biological replicates per treatment group were then evaluated using
Affymetrix mouse 430_2 microarrays. Pronounced changes in gene expression, especially in the fetal liver, were observed at either dose. Upregulation of genes involved in fatty acid metabolism, oxidative phosphorylation and glutathione metabolism were evident in the fetal liver while similar changes in fatty acid metabolism
were also observed in the fetal lung. These alterations are consistent with activation
of PPARα signaling. Along those lines, notable downregulation of Serpin1a was
observed across both tissues as was upregulation of FABP-1, Cyp4a14, Cyp4a10,
and Aldh1a7. Modest changes in the expression of Beta-catenin, Nfib, Foxf1a,
Bmp4/5, and Fgfr4 in the lung also suggested possible effects of PFOA on lung
maturation.
This abstract does not necessarily reflect EPA policy.
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EVALUATION OF THE DEVELOPMENTAL TOXICITY
OF ALPHA-ISO-METHYLIONONE IN RATS

V. T. Politano1, E. M. Lewis2, A. M. Hoberman2, M. S. Christian3, R. M.
Diener3 and A. Api1. 1Research Institute for Fragrance Materials, Inc., Woodcliff
Lake, NJ, 2CRL Argus Research, Horsham, PA and 3Argus International, Inc.,
Horsham, PA.
Alpha-iso-methylionone (AIM), a widely used fragrance ingredient, was evaluated
for developmental toxicity in Sprague-Dawley rats. One hundred presumed-pregnant rats were randomly assigned to four dose groups (25/group). The rats were
dosed orally (gavage) at 0, 3, 10, or 30 mg/kg/day AIM on days 7-17 of gestation
(GDs 7 through 17). The dosage volume was 10 ml/kg and the vehicle was corn oil.
Rats were observed for viability, clinical signs, abortions, premature delivery,
deaths, body weights, and feed consumption. On GD 21, all rats were Caesareansectioned and a gross necropsy was performed on the thoracic, abdominal and
pelvic viscera. Pregnancy occurred in 21-25 rats in each dose group. Uteri were examined for number and distribution of implantations, live and dead fetuses, and
early and late resorptions. Numbers of corpora lutea were also recorded. Fetuses
were weighed and examined for gender and gross external changes. Approximately
one-half of the fetuses in each litter were examined for soft tissue alterations and the
remaining for skeletal alterations. No deaths occurred. No treatment-related clinical signs were observed. Feed consumption, body weight gains, gross tissue changes
at necropsy, and Caesarean-section and litter parameters, as well as fetal developmental morphology, were unaffected by dosages of AIM as high as 30 mg/kg/day.
Based on these data, maternal and developmental no-observable-adverse-effect-levels (NOAELs) of more than 30 mg/kg/day were established for AIM. It is concluded that AIM is not a risk to human development.
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ASSESSMENT OF PRENATAL DEVELOPMENT IN PBDE
EXPOSED RATS SUFFICIENT OR MARGINAL IN
VITAMIN A

R. Ellis-Hutchings, G. Cherr and C. Keen. University of California-Davis,
Davis, CA.
The risk of abnormal embryonic/fetal development associated with prenatal exposure to polybrominated diphenyl ethers (PBDEs) has not been well characterized.
Of the commercial mixtures, penta-BDE mixtures exhibit the broadest range of
toxicity. In rats fed standard laboratory diets, penta-BDE exposures up to 200
mg/kg/day (mkd) were not developmentally toxic (reviewed in Darnerud 2003).
Research by our group and others has shown that the teratogenicity of some toxicants can be modulated by altering select micronutrient concentrations in the maternal diet. The micronutrient vitamin A is a key regulator of vertebrate embryonic
and fetal development. Penta-BDE exposure can disrupt vitamin A homeostasis,
thus we speculated that maternal vitamin A status would modulate the teratogenicity of PBDEs. In the current study, we tested the hypothesis that gestational exposure to DE-71 (a penta-BDE mixture) in rats marginal in vitamin A would result in
abnormal development. Female Sprague Dawley rats of sufficient or marginal vitamin A status were mated with untreated males. Initiating on gestation day (GD) 6
and continuing daily through either GD 11.5 or 19.5, subsets of rats from each dietary group were administered corn oil (vehicle control) or 18, 60, or 120 mkd DE71 by oral gavage. Maternal, embryonic and fetal samples were collected on GD
12.5 and 20 for retinoid measurements and litters were evaluated for gross abnor-
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malities and skeletal development. DE-71 exposure decreased maternal plasma vitamin A concentrations in a dose-dependant manner with the percentage decrease
greatest in marginal vitamin A status dams. Conceptal vitamin A metabolism and
signaling are currently being characterized. Decreases in crown rump lengths and
altered bone formation/ossification were evident in fetuses of marginal vitamin A
dams exposed to 120 mkd DE-71. We conclude that a marginal vitamin A status
predisposes the conceptus to penta-BDE-induced developmental toxicity and suggest that in women marginal in vitamin A, the reproductive risks associated with
PBDE exposure are elevated.
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A PRE- AND POSTNATAL STUDY OF BICIFADINE HCL
IN RATS
M. J. Beck1, J. P. Tizzano2, P. A. Krieter2, S. Ho1, D. W. Sved1 and J. BuelkeSam3. 1WIL Research Laboratories, LLC, Ashland, OH, 2DOV Pharmaceutical, Inc.,
Hackensack, NJ and 3Toxicology Services, Greenfield, IN.
Bicifadine HCl (DOV 220,075), a balanced serotonin and norepinephrine reuptake inhibitor, is in development for the treatment of pain. Clinical and preclinical
studies indicate bicifadine is a “broad spectrum” analgesic, effective in treating both
acute (eg, post-surgical) and chronic (eg, neuropathic) pain. In this study, groups of
25 mated Crl:CD®(SD) rats received bicifadine HCl at oral doses of 0, 5, 15, or 45
mg/kg/day on GD 6-PND 20. Dams were allowed to deliver and rear their offspring until weaning on PND 21. Blood samples were collected for pharmacokinetic analyses from additional treated dams (20/group) on GD 6, from dams and
their fetuses on GD 20 and from main study dams and pups culled from each litter
on PND 4. One offspring/sex/litter continued on study after weaning. Maternal
body weight, food consumption and reproductive parameters were measured. F1
offspring survival, body weight, pre- and postweaning physical landmarks of development, as well as behavioral and reproductive performance were assessed. Dosedependent maternal and fetal exposure to bicifadine and a major metabolite (a lactam analog of bicifadine) occurred on GD 20. During lactation, higher maternal,
but little or no pup exposure to bicifadine occurred on PND 4. Decreases in maternal body weight gains (ca 10% for GD 6-20) and food consumption occurred only
during gestation at 15 and 45 mg/kg/day, and dystocia occurred in 2 dams at 45
mg/kg/day. F1 offspring weights at birth and survival to PND 4 were decreased significantly at 45 mg/kg/day. Postweaning weights and weight gains in F1 males, but
not females were reduced at 45 mg/kg/day. F1 generation physical landmarks,
motor activity (PND 21 and 61), acoustic startle (PND 20 and 60) and performance in a Biel maze learning and memory task (PND 62) were unaffected. F1 mating and fertility and F2 offspring survival to PND 4 were not affected adversely in
bicifadine treatment-derived groups.
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A STUDY OF THE EFFECTS OF DAG
(DIACYLGLYCEROL) ON EMBRYO/FETAL
DEVELOPMENT IN RATS
J. F. Knapp1, M. D. Nemec1, D. G. Stump1, B. J. Varsho1, O. Morita2, Y.
Tamaki2 and H. Suzuki2. 1DART, WIL Research Laboratories, LLC, Ashland, OH
and 2Safety and Environmental Research, Kao Corporation, Haga Tochigi, Japan.
DAG is a cooking oil composed primarily of diacylglycerides unlike traditional
cooking oils that are composed primarily of triacylglycerides. This study evaluated
the potential of DAG, when administered to rats orally at levels of 1160, 2320 and
4630 mg/kg/day, to induce developmental toxicity after maternal exposure during
the critical period of organogenesis. DAG contains >80% diacylglycerides, <20%
triacylglycerides and ≤5% monoacylglycerides. DAG, in the vehicle, corn oil, was
administered by gavage to three groups of 25 bred female Crl:CD®(SD)IGS BR
rats once daily from gestation days 6 through 17. Dosage volumes for the corn
oil/DAG dosing solutions were 5.0 mL/kg corn oil/0.0 mL/kg DAG, 3.75 mL/kg
corn oil/1.25 mL/kg DAG, 2.5 mL/kg corn oil/2.5 mL/kg DAG and 0.0 mL/kg
corn oil/5.0 mL/kg DAG. No test article-related clinical or internal findings were
noted in the 1.25, 2.5 and 5.0 mL/kg DAG groups. Mean maternal body weights,
body weight gains, net body weight, net body weight gain, gravid uterine weight
and food consumption were not affected by test article administration at any dose
level. Intrauterine growth and survival were not affected by DAG at these same dose
levels. No DAG related fetal malformations or developmental variations were noted
in this study. Based on the results of this study, a dose level of 5.0 mL/kg (4630
mg/kg/day) was considered to be the no-observed-adverse-effect level (NOAEL) for
both maternal and developmental toxicity.
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EFFECTS ON BIRTH WEIGHT AND ADULT HEALTH IN
RATS PRENATALLY EXPOSED TO TOXICANTS OR
UNDERNUTRITION
B. E. Grey, B. D. Barbee, J. Norwood, K. Das, C. Lau and J. M. Rogers.
Reproductive Toxicology, ORD, USEPA, Research Triangle Park, NC.
Low fetal weight is a sensitive indicator of developmental toxicity in animal studies.
While low birth weight may be permanent or transitory, the long-term effects of
low birth weight on adult health have not been elucidated. Previous research has

shown in humans an inverse relationship between birth weight and risk of adult
diseases such as coronary heart disease, hypertension, and diabetes. In this study,
pregnant Sprague-Dawley rats were exposed to perfluorooctane sulfonate (PFOS,
18.75 mg/kg, GD 2-6), dexamethasone (DEX, 0.2 mg/kg, GD 14-20), atrazine
(ATR 125 mg/kg or 200 mg/kg, GD 14-20), or undernutrition (UNUT, 50% of
normal rat diet GD 2-21). Controls were dosed with appropriate vehicle. At birth,
all pups were cross fostered to untreated dams. All prenatally exposed pups had significantly lower birth weights than controls, and this persisted through postnatal
day (PD) 21. By PD 112, body weights of prenatally exposed rats were not significantly different from control rats. Two indicators of adult diseases are blood pressure and serum glucose level. On PD 56, tail blood pressure was measured. Systolic
blood pressure was significantly elevated in male offspring of dams exposed to
PFOS (13% increase) or UNUT (27% increase). On PD 70 and PD 112, fasting
serum samples were collected and rats were given a 1 g/kg D-glucose challenge.
Serial serum samples were collected over 2 hrs, and no significant differences between the prenatally exposed rats and controls were observed. In conclusion, we
have found that low birth weight was associated with elevated blood pressure for
some, but not all adverse prenatal environments. This is an abstract of a proposed
presentation and does not necessarily reflect EPA policy.
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EVALUATION OF THE DEVELOPMENTAL TOXICITY
OF ALPHA-METHYL-3,4-METHYLENEDIOXYHYDROCINNAMIC ALDEHYDE IN RATS

C. Letizia1, A. Api1, E. M. Lewis2, A. M. Hoberman2, M. M. Christian3 and R.
M. Diener3. 1Research Institute for Fragrance Materials, Inc., Woodcliff Lake, NJ,
2
Charles River Laboratories Preclinical Services, Horsham, PA and 3Argus
International, Inc., Horsham, PA.
The developmental toxicity of alpha-Methyl-3,4-methylene-dioxyhydrocinnamic
aldehyde (MMDHCA), a widely used fragrance ingredient, was evaluated in rats.
MMDHCA or the vehicle, corn oil, were administered orally (gavage) to one-hundred pregnant rats (25 rats/group) once daily on days 7 through 17 of gestation at
doses of 0 (vehicle), 62, 125 and 250 mg/kg/day. The rats were observed for viability twice daily and clinical observations and observations for abortions, premature
deliveries and deaths were conducted daily. On day 21, all rats were sacrificed and a
gross necropsy of the thoracic, abdominal and pelvic viscera was performed. The
uteri were removed and examined for pregnancy, number and distribution of implantation sites, early and late resorptions and fetal mortality. Each fetus was examined for gross external alterations. Approximately one half of each litter was examined for soft tissue alterations and the remaining fetuses were examined for skeletal
alterations. No deaths occurred. No gross changes attributable to MMDHCA were
observed at necropsy. Excessive salivation occurred in all groups, but the incidence
was increased at the 250 mg/kg/day dose level. The highest dose level also produced
a significant increase in the incidences of a clear, red or yellow perioral and/or red
perivaginal substance and significant reductions in mean feed consumption and
body weight gains during the entire dosage period. No adverse effects on embryofetal development were observed in this study. Caesarean-sectioning or litter parameters, as well as fetal alterations, were not affected by dosages of MMDHCA as
high as 250 mg/kg/day. On the basis of this data, the maternal no observable adverse effect level (NOAEL) of MMDHCA is 125 mg/kg/day and the developmental NOAEL is greater than 250 mg/kg/day.
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8-MOP AND HEAVY METALS DISRUPT HAMSTER
EMBRYO DEVELOPMENT

M. M. Diawara1 and D. Unis1. 1Biology, Colorado State University-Pueblo, Pueblo,
CO and 2Biology, Colorado State University-Pueblo, Pueblo, CO.
The psoralens, compounds found in produce and used in skin thereapy, have been
shown to affect reproductive function in rats. We evaluated the reproductive toxicity of 8-MOP and three heavy metals (arsenic, cadmium, and lead) on early embryo
development of the Syrian golden hamster (Mesocricetus auratus) by examining the
time frame during which the blastocysts escape from the zona pellucida, which corresponds to the blastocyst attaching to the uterine endometrium (in vivo) and exhibiting trophectoderm outgrowth. This consequently leads to the formation of the
placenta and fetus. Females were superovulated with 50 IU of pregnant mare-serum
gonadotropin (PMSG) and mated during estrus to ensure pregnancy. Embryos
were collected by excising uterine horns and flushing them with culture medium.
Embryos were then grown on non-treated culture medium, DMSO vehicle control
or 8-MOP (0-433 nM), arsenic (0-750nM), lead (0-100uM) and cadmium (050uM) for 4 four days. For each embryo, initial and final sizes were measured
under the light microscope. Treated embryos and blastocysts were compared with
control groups for deformities and/or morphological evidence of atrisia. 8-MOP
and all three heavy metals showed lethality in a dose-dependent manner. In addition all lethal doses caused major deformities expressed as dissociation of blastomeres, deformed blastomeres, and failure of the zona pellucida to undergo lysis.

This suggests that the compounds are having an adverse affect on tight junctions
between blastomeres, blastomere gap junctions responsible for early cell to cell signaling, and a failure of the blastomere expression of the zona lytic protease. These
findings are consistent with previous effects of other xenobiotics on development of
murine embryos. Future research will involve qualitative and quantitative analysis
of embryonic proteins.
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A COMBINED REPEATED DOSE ORAL TOXICITY AND
REPRODUCTIVE/DEVELOPMENTAL TOXICITYSCREENING STUDY OF 2-MERCAPTOETHANOL IN RATS

J. REGNIER1, W. Gaoua-Chappelle1, 2, O. Foulon2, V. Santa Cruz3 and R.
Jaeckh4. 1ARKEMA, Paris-la-Defense, France, 2Centre International de Toxicologie
(CIT), Evreux, France, 3Chevron-Phillips Chemicals Co., The Woodlands, TX and
4
BASF AG, Ludwigshafen, Germany.
The potential toxicity, developmental and reproductive effects of 2-MERCAPTOETHANOL (CAS No. 60-24-2) was evaluated in a GLP-compliant combined
repeated dose toxicity study and reproductive/developmental toxicity-screening test
according to OECD 422 and OECD 407 guidelines. Dose-levels were selected in a
two weeks preliminary study. 2-MERCAPTOETHANOL was administered by
gavage at dose levels of 0, 15, 50 or 75 mg/kg/day to four groups of 10 males and 5
females SD rats for 7 weeks and to four groups of 10 females throughout premating, mating, pregnancy periods until day 21 of lactation.
Significantly lower cholesterol and triglyceride levels were observed in males given
50 and 75 mg/kg/day associated with higher liver weight and slight hepatocellular
hypertrophy. Marked degenerative cardiomyopathy was noted in the males at 75
mg/kg/day. Female given 50 and 75 mg/kg/day shown moderate higher liver weight
associated with minimal to slight hepatocellular hypertrophy and high incidences
of vacuolated hepatocytes and cardiomyopathy. Pregnant females were found dead
or were prematurely sacrificed at 50 and 75 mg/kg/day on days 19-23 pc because of
poor clinical conditions while no sign of delivery was seen at the time of parturition. The mean duration of pregnancy was prolonged in surviving females. 2-MERCAPTOETHANOL treatment was stopped at the end of pregnancy to allow delivery of surviving females and was resumed afterwards. As a consequence of the
increase in the pregnancy duration, higher pup body weight was noted at birth at
50 and 75 mg/kg/day. High post-implantation losses associated with low number
of live born and decreases in pups’ survival were observed at 75 mg/kg/day. In this
study, the no observed adverse effect levels (NOAEL) were 15 mg/kg bw/day for
maternal toxicity, and parturition, 75 mg/kg bw/day for male reproductive performance and fertility and 15 mg/kg bw/day for general toxicity, respectively.
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INTRACELLULAR GLUTATHIONE LEVELS INCREASE
PRIOR TO DIFFERENTIATION IN HL60 CELLS

S. M. Krance and N. Ballatori. Environmental Medicine, University of Rochester
School of Medicine, Rochester, NY.
Cell differentiation is an integral life process that has implications for many areas of
research including stem cell biology, embryonic development, cancer, and aging.
Intracellular redox state is thought to play a role in determining whether or not a
cell differentiates. The tripeptide glutathione (L-γ-glutamyl-L-cysteinylglycine;
GSH), is the most abundant intracellular thiol and functions as a major regulator of
the intracellular redox state, and therefore may play a role in the differentiation
process. This study examined whether glutathione levels are altered during cell differentiation, and whether it plays a role in this process. HL60 promyelocytic
leukemia cells were treated with either dimethylsulfoxide (DMSO) or 1,α25-dihydroxyvitamin D3 (D3) to induce differentiation. DMSO has the ability to differentiate HL60 cells into neutrophil-like cells, while treatment with D3 differentiates
the cells into monocyte-like cells. Samples were collected at various time points
after exposure to differentiation agents, and analyzed for proliferation and cell surface marker expression using flow cytometry, superoxide anion production using
the nitroblue tetrazolium (NBT) reduction assay, and intracellular GSH using the
DTNB (5,5’-dithiobis(2-nitrobenzoic acid)) assay. Treatment with DMSO caused
growth inhibition, an increase in NBT reduction, and an increase in differentiation
marker expression after the 1 day time point. Additionally, GSH levels in DMSO
treated cells were ~40% higher when compared to controls at the 1 and 2 day time
points, and then returned to control levels at later time points. Likewise, treatment
with D3 resulted in a transient ~20% increase in GSH levels. These data indicate
that intracellular GSH levels undergo a transient increase that occurs at the time of
growth inhibition during the differentiation process. Because the GSH levels increase prior to the cells being differentiated, it is possible that GSH plays an important role in regulating this process. (Supported by ES06484, DK48823, ES01247,
ES07026)
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CJC-1295, A LONG-ACTING GROWTH HORMONE
RELEASING FACTOR ANALOGUE, IS NOT
TERATOGENIC IN RATS

V. Iordanova1, S. Wen1, E. Lewis2, S. Morseth3 and J. Castaigne1. 1ConjuChem,
Inc., Montréal, QC, Canada, 2Charles River Laboratories Preclinical ServicesPennsylvania, Horsham, PA and 3Morseth Consulting, LLC, Jefferson, MD.
CJC-1295 is a synthetic analogue of growth hormone releasing factor (GRF) which
stimulates the pulsatile release of growth hormone and the secretion of insulin-like
growth factor. By applying the Drug Affinity Complex (DAC) technology to GRF,
the peptide selectively and covalently binds to circulating albumin after subcutaneous (SC) administration, thus prolonging its t1/2 from 10-12 min to approximately one week in humans. CJC-1295 is currently in Phase II clinical trials and is
being developed primarily for treatment of pediatric growth hormone deficiency,
HIV lipodystrophy and visceral obesity. The developmental toxicity of CJC-1295
was evaluated in pregnant female Sprague-Dawley rats (25/group) dosed SC every
other day (q2d) from day 7 to 17 of gestation at 0, 0.5, 4 or 16 mg/kg/q2d of CJC1295. There were no treatment-related effects on survival and no gross lesions at
any dose level. Pregnancy was unaffected and occurred in 23-25 rats/group. There
were no CJC-1295-related gross external, soft tissue or skeletal fetal alterations
(malformations or variations) and no effect on the number of fetal ossification sites.
The only effects attributed to CJC-1295 included pharmacologically-related significant increases (p≤0.05 to p≤0.01) in maternal body weight gain and food consumption during treatment with correlated increases in fetal weights. Following the
cessation of dosing, maternal body weight gain remained significantly higher
(p≤0.01; 1.2-fold) at 16 mg/kg/q2d only. Significant but non-dose-dependent increases (p≤0.05) in maternal food intake were noted at ≥0.5 mg/kg/q2d. Fetal body
weights were also significantly (p≤0.05) but slightly (1.04-fold) increased at ≥4
mg/kg/q2d. In conclusion, CJC-1295 did not cause any maternal or embryo/fetal
toxicity and there were no fetal gross external, soft tissues or skeletal alterations that
were considered related to maternal treatment with CJC-1295 at doses up to 16
mg/kg/q2d.
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A DIETARY TERATOLOGY STUDY OF A DRUG
EXCIPIENT, AVICEL RCN-15®, IN SPRAGUE-DAWLEY
FEMALE RATS

J. McCarty1, M. Weiner1, C. Freeman2 and D. Nuber1. 1Toxicology, FMC
Corporation, Princeton, NJ and 2Toxicology, Formerly of FMC Corporation,
Princeton, NJ.
Avicel RCN-15® is a drug excipient composed of processed microcrystalline cellulose and guar gum, both of which are generally recognized as safe (GRAS) by the
FDA. The potential developmental toxicity and teratogenicity were evaluated on
this drug excipient. Pregnant female Sprague-Dawley rats (25 per treatment group)
were administered Avicel RCN-15® in the diet at 0, 25,000 ppm (2091 mg/kg/d)
and 50,000 ppm (4490 mg/kg/d) on days 6 through 15 of gestation. Cesarean sections were performed on all dams on day 20 of gestation. The uteri and ovaries were
examined for the number and distribution of implantations sites, early and late fetal
resorptions, fetal mortality, and corpora lutea. No maternal mortality or clinical
signs occurred during the study. Maternal body weights and body weight gains were
similar across treatment groups when compared with controls. Food consumption
was significantly increased in the 50,000-ppm treatment group in comparison to
controls. The increased food consumption in the highest treatment group is a result
of lower caloric density in that diet (e.g., high fiber content relative to control
diets). No differences were found between treatment groups and controls for number or distribution of implantation sites, early or late fetal resorptions or fetal mortality. Litter weights were similar across controls and treatment groups and there
were no fetal abnormalities found in the treatment groups. Dietary exposure to
Avicel RCN-15® as outlined produced no adverse maternal or developmental effects at levels up to and including 50,000 ppm.
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AN EXAMINATION OF CAGING PROTOCOLS USED IN
MOUSE DEVELOPMENTAL TOXICITY RESEARCH

S. S. Dimond1, 2. 1Environmental Health and Safety, General Electric Plastics,
Pittsfield, MA and 2Environmental Health and Toxicology, State University of New
York at Albany, Albany, NY.
Over the last decade numerous reproductive and developmental toxicity studies
have been conducted on chemicals suspected of being endocrine disruptors. In
2000, the National Toxicology Program (NTP) and National Institute of
Environmental Health Sciences (NIEHS) convened a panel of experts from academia, government, and industry to conduct an open peer review to evaluate the
available scientific evidence on dose-response relationships and effects following exposure to endocrine disrupting chemicals in mammalian species. A key finding of
the report, published in 2001, was that there was credible evidence to support find-
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ings for low dose effects and lack of low dose effects, and that more research was
needed. A knowledge gap and recommended area of research included examination
of caging conditions. Some experiments were conducted using group-housed animals while others were conducted using individual housing. An experiment to examine the role of housing conditions on the growth of male and female mouse offspring, onset of puberty, and male reproductive organ weight development was
conducted. Twenty pregnant CD-1 mice were placed into solid bottom propylene
cages with hardwood chip bedding. Offspring were culled to four/sex/litter on postnatal day (PND) 1, examined daily for general health and mortality, and weighed
on PND 1, 4, and 22. On PND 22, two pups/sex/litter were placed into individual
housing or group housing (four/cage). Females were sacrificed following onset of
puberty. Males were sacrificed at three months of age and reproductive organs
(testis, prostate, epididymis, and seminal vesicles) were weighed. Results showed
that individually housed males had significantly larger reproductive organs and
lower body weight than group-housed animals. Onset of puberty was not impacted
by housing conditions for either males or females. This experiment shows that
caging protocols have an impact on commonly measured endpoints evaluated in
developmental toxicity studies.
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IN UTERO EXPOSURE TO BENZENE ALTERS
EMBYRONIC PIM-1 SIGNALLING IN CD-1 MICE

J. Wan1 and L. M. Winn1, 2. 1Pharmacology and Toxicology, Queen’s University,
Kingston, ON, Canada and 2School of Environmental Studies, Queen’s University,
Kingston, ON, Canada.
Parental exposure to the environmental toxicant benzene has been correlated with
an increased incidence of childhood leukemias. Benzene is a known leukemogen
whose mechanism of toxicity remains unclear, but it is generally accepted that benzene exerts its toxicity after being metabolized by cytochrome P450s to reactive intermediates. The c-Myb oncoprotein is important in blood cell production and
mice deficient in this protein die on the 15th day of gestation. This protein has also
been found to be overexpressed in a number of leukemic cell lines and is tightly regulated by a number of proteins including the Pim-1 kinase. The Pim-1 kinase has
been shown to increase c-Myb activity in vitro, and has also been shown to be overexpressed in a number of leukemic cell lines. We hypothesize that in utero exposure
to benzene may cause leukemogenesis by acting through the embryonic cMyb/Pim-1 signalling pathway. To investigate this hypothesis, pregnant CD-1 mice
were treated with either 800 mg/kg of benzene or corn oil (i.p.) on days 10 and 11
of gestation (GD10 and GD11, vaginal plug = GD1). Expression of embryonic cMyb and Pim-1 protein was assessed through western blotting of whole fetuses or
fetal livers 4, 24, or 48 hours after the second injection. C-Myb and Pim-1 phosphorylation was measured by the Qiagen Phosphoprotein Purification kit and immunoblotting. Our results demonstrate that in utero exposure to benzene leads to
an increase in phosphorylated Pim-1 protein 4 hours after the second injection and
that total Pim-1 protein levels modestly increased 24 hours after the second injection. While benzene did not alter the expression of phosphorylated c-Myb in GD11
embryos compared to controls, we were also unable to detect unphosphorylated cMyb in the same embryos, suggesting that c-Myb exists entirely in its phosphorylated form during that gestational stage. Our results suggest that benzene may initiate leukemia in utero by altering embryonic Pim-1 signalling. [Support: CIHR]
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EVALUATION OF THE TOXICITY AND
TERATOGENICITY OF BENZENE AMINO- AND
NITRODERIVATIVES FOR THEIR REGULATION IN
OCCUPATIONAL AIR

K. K. Kabirov and A. V. Lyubimov. Pharmacology, Toxicology Research Laboratory,
University of Illinois at Chicago, Chicago, IL.
Amino- and nitroderivatives of benzene are widely used in the chemical industry as
intermediate products in the production of dyes, medicines, pesticides, etc. For
providing safety to people, which have contact with the amino- and nitroderivatives
of benzene, it is necessary to study not only the acute and chronic toxicity of these
substances, but also the long-term effects, for example embryotoxic effect. Our own
studies, and studies of other authors, showed that under conditions of inhalation
exposure for 4 hr/day 7 days/week throughout gestation of the Wistar rats such
compounds as 2-nitro-4-bromophenol, the 3-nitrobenzoic acid, 3,4-difluoronitrobenzene, 3,4-difluoroaniline, ortho-phenylene diamine, 2,4- dinitroaniline, nitrobenzene, 2,4-dichloronitrobenzene and some others expressed an embryotoxic
effect. This effect appeared as increased embryo losses, teratogenicity, changes in
the central nervous system, the cardiovascular system, and changes in the physical
development of progeny. In this case the Lowest Observed Adverse Levels
(LOAELs) for embryotoxic effect were established at the lower levels than the
LOAELs for maternal toxicity in pregnant dams. On the basis of using the
Quantitative Structure-Activity Relationship (QSAR) analysis, the equations for
prediction of both the LOAELs for maternal toxicity and for embryotoxic effects of

amino- and nitroderivatives of benzene were obtained. This gives a possibility of approximate determination of the toxic effect of amino- and nitroderivatives of benzene (including embryotoxicity) at the stage of compound rational design even before its synthesis. Thus, in our opinion the occupational amino- and
nitroderivatives of benzene may be potent embryotoxic agents, which is necessary
to consider during the evaluation of permissible levels of exposure.
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DIGITAL PHOTOGRAPHY OF NORMAL AND
MALFORMED VISCERAL SECTIONS OF DAY-20 FETAL
RAT: AN EFFICIENT TOOL FOR TRAINING FUTURE
DEVELOPMENTAL TOXICOLOGISTS
A. S. Faqi, S. Magness and K. Collison. Developmental & Reproductive Toxicology,
MPI Research, Mattawan, MI.
Over the past 40 years, several procedures have been developed to accurately evaluate visceral abnormalities for developmental toxicity testing in rats and mice. One
of these procedures is the method of free-hand serial sectioning described by
Wilson and Warkany (1965) and Wilson (1973). This method has proven to be a
valuable technique in the detection of visceral anomalies. The use of this technique
might be in decline due to the limited number of trained developmental toxicologists. The objective of this study was to create digital pictures encompassing detailed sectioning of the freehand razor blade technique, providing normal and malformed visceral images for use as a training tool for future teratology laboratory
technicians as well as future developmental toxicologists.
Gestation Day 20 rat fetuses were fixed in Bouin’s solution shortly after completion
of the c-section. Freehand serial sectioning was then performed. A cut was made between the mandible and palate and extending to below the pinnae to remove the
head section. The tongue is then removed to examine the palate. Sections through
the head are made starting just posterior to the nares, anterior to the eyes. As the
sections are cut, they are placed on a wax block in anatomical order with the anterior surface of each slice facing up. With the fetus in supine position, sectioning resumes along the neck and 9-14 sections are made approximately one millimeter or
less in thickness continuing through the thoracic cavity to a point just anterior to
the diaphragm. The diaphragm is preserved intact. The final cut is made at a slight
angle through the mid-abdominal region, attempting to bisect both kidneys at the
hilus to display the papillae. Digital photography was prepared from each section
and visceral organs exhibited in each section were identified. A well described digital photograph of normal and malformed visceral organs will be presented and discussed. We believe that the digital photography will be an efficient tool for use in
training.
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COMPLEX STRUCTURE-DEPENDENT ACTIVATION
OF ESTROGEN RECEPTOR(ERα)/SP1 IN BREAST
CANCER CELLS
F. Wu1 and S. Safe2, 1. 1Biochemistry and Biophysics, Texas A&M University, College
Station, TX and 2Veterinary Physiology & Pharmacology, Texas A&M University,
College Station, TX.
Different structural classes of estrogenic compounds bind estrogen receptorα
(ERα) and ERβ and induce transactivation in breast cancer cells transfected with a
construct (pERE3) containing three estrogen response elements (EREs). In this
study, we have investigated the structure-dependent activation of ERα/Sp1, an important non-classical genomic mechanism of estrogen action in breast cancer cells.
17β-estradiol(E2), antiestrogens and xenoestrogens, including endosulfan, kepone,
alkylphenol and bisphenolics induced transactivation in MCF-7 and ZR-75 cells
transfected with an E2-responsive GC rich construct(pSp1) containing three tandem GC-rich Sp protein binding sites and other GC-rich constructs containing
E2-responsive gene promoter. The results showed that ativation of ERα/Sp1 by
structurally-diverse estrogenic compounds was dependent on ER-subtype (and
deletion mutants), ligand structure, cell and promoter context. For example, endosulfan (25-75µM), the antiestrogens ICI182,780 and 4-hydroxytamoxifen (110µM) activated ERα/Sp1 but not ERα/ERE in MCF-7 cells transfected with
p(Sp1)3 and p(ERE)3 respectively. In addition, using RNA interference to specific
knockdown of Sp1, Sp3 and Sp4 proteins, it was shown that Sp1 but not Sp3 or
Sp4 are necessary for estrogenic activation of ERα/Sp in MCF-7 cells, whereas in
ZR-75 cells, all three Sp proteins play a role in activation of ERα/Sp. The results
demonstrate that estrogenic regulation of ERα/Sp is highly complex and dependent, in part, on the structure of the ER ligand.
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4-HYDROXYCATECHOL ESTRADIOL IS CARCINOGENIC
IN HUMAN BREAST EPITHELIAL CELLS
Q. Felty1, V. Okoh1, S. Narayan2 and D. Roy1. 1Department of Environmental &
Occupational Health, Florida International University, Miami, FL and 2Department
of Anatomy and Cell Biology, University of Florida, Gainesville, FL.
Estrogens have been proposed to initiate breast cancer, through estrogen receptor
(ER)-mediated processes that stimulate proliferation of breast epithelial cells rendering them more susceptible to genetic errors during DNA replication, with less

time for DNA repair before cell division. If uncorrected, these mutations can ultimately lead to malignancy. While ER-mediated processes undoubtedly play a role
in the development and growth of breast tumors, metabolites of estrogens such as
4-hydroxycatechol estradiol (4-OHE2) can react with DNA to generate mutations
with the potential to initiate cancer. In the present work we examined the transformation of immortalized human breast epithelial cells (HBEC) by 4-OHE2 for
comparison with phenotypic changes induced by the natural estrogen 17β-estradiol
(E2). The immortalized HBEC MCF-10A is negative for both ER-α and ER-β.
The exposure of 4-OH-E2 to MCF-10A cells stimulated the formation of reactive
oxygen species. Treatment of these MCF-10A with physiological doses of 4-OHE2
showed a significant increase in anchorage independent growth and colony formation in agar compared to cells treated with DMSO. These findings suggest the
novel paradigm that oxidative metabolites of estrogen are capable of inducing neoplastic transformation through an ER-independent pathway that depends on the
redox environment of the cell.
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PROMOTION OF TUMORGENICITY BY βHEXACHLOROCYCLOHEXANE IN MCF10AT1 CELLS
AND MMTV-NEU MICE

P. S. Wong and F. Matsumura. Center for Health and the Environment, University
of California, Davis, Davis, CA.
β-Hexachlorocyclohexane (β-HCH), a contaminant of the pesticide lindane, is a
highly persistent and bioaccumulating organochlorine compound which has been
implicated as a risk factor in the development of breast cancers in epidemiological
studies. Previous studies in our laboratory have demonstrated the ability of β-HCH
to elicit its actions via a ligand-independent activation of the estrogen receptor in
both the BG-1 and MCF-7 cell lines. In addition, β-HCH was shown to transform
MCF-7 cells to a more metastatic phenotype after a long term exposure(33 passages). In this study, we decided to investigate the long-term effects of β-HCH in
both the MCF10AT1 cell line and also a transformed mouse model. The
MCF10AT1 cell line which was derived from a normal epithelial cell line by stably
transfecting a mutated c-Ha-ras (thus, considered to have a more defined risk factor) was shown to express transformed phenotypes after exposure for 20 passages
with β-HCH, 4-OH-Tamoxifen (Tam), or 17-β-estradiol (E2). MCF10AT1 cells
exposed to β-HCH and Tam demonstrated nearly double the rate of proliferation
compared to control. In addition, measurement of mRNA expression by RT-PCR
demonstrated that β-HCH and Tam treatment leads to up-regulation of MMP-13
(collagenase-3) which is a marker of increased invasiveness. β-HCH treatment was
also seen to increase the expression in a number of proto-oncogenes (cNeu, Cyclin
D1, p27), cell status markers (Met-1, CK19), and the inflammatory marker NFkB.
Previous studies, have demonstrated the role of these markers as evidence of malignant transformations, and further illustrate the ability of β-HCH to be carcinogenic. To demonstrate the tumoragenic properties of β-HCH in an in vivo system,
we used an MMTV-Neu mouse model for mammary cancer. MMTV-Neu is a cNeu overexpressing strain which have been shown to spontaneously develop mammary tumors at later stages of aging. In this experiment, continuous β-HCH exposure was shown to both accelerate the appearance(~8-10 weeks) and incidence
(~25% increase) of tumor formation over control mice.
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STRUCTURE-DEPENDENT ANDROGEN RECEPTOR
(AR) AGONIST/ANTAGONIST ACTIVITIES AND AR
DOWNREGULATION BY RING SUBSTITUTED 1,1BIS(3’-INDOLYL)METHANES (DIMS)

L. Kotha and S. Safe. Veterinary Physiology and Pharmacology, Texas A&M
University, College Station, TX.
1,1-Bis(3’-indolyl)methane (DIM) exhibits antiandrogenic activity in LNCaP
prostate cancer cells, and this study reports the structure dependent androgenic/antiandrogenic activity of several symmetrical dimethoxy, dimethyl, dichloro and dibromo DIM isomers. Initial transactivation studies in LNCaP and 22Rv1 cells
transfected with an androgen responsive construct (pPB) containing a probasin
promoter insert showed that at least one isomer in each series exhibited partial androgenic activity and these included the 7,7’-dibromo- and 7,7’-dichloroDIMs.
Most of the other isomeric substituted DIMs, including 4,4’-dichloroDIM and
4,4’-dibromoDIM, exhibited antiandrogenic activity in the transactivation assay.
Structure-dependent differences were also observed for the effects of 4,4’- and 7,7’dihaloDIMs on AR expression in LNCaP cells. Like DIM, 4,4’-dichloroDIM and
4,4’-dibromoDIM did not affect AR protein levels for up to 48 hr and inhibited dihydrotestosterone (DHT)-induced responses without affecting cytosolic or nuclear
AR distribution. In contrast, the AR agonist activity of 7,7’-dihaloDIMs was significantly decreased after 48 hr, and this was due to decreased AR mRNA and AR
protein levels, and the latter response was proteasome-independent. Results of this
study demonstrate that the antiandrogenic activity of symmetrical dihaloDIMs was
structure-dependent and the 7,7’-dihaloDIMs exhibited partial AR agonist activity,
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whereas 4,4’-, 5,5’- and 6,6’-dihaloDIMs and DIM were antiandrogens in transactivation assays. The mechanisms of action of ring-substituted DIMs were also structure-dependent since 4,4’- and 5,5’-dihaloDIMs and DIM did not affect AR expression, and 6,6’- and 7,7’-dihaloDIMs induced degradation of AR protein and
AR mRNA levels.
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Dienaldehydes are by-products of peroxidation of polyunsaturated lipids and commonly found in many foods or food-products. Trans, trans-2,4-decadienal (ttDDE), a specific type of dienaldehydes, is abundant in heated oils, and has been associated with lung adenocarcinoma development in women due to their exposure
to oil fumes during cooking . Acute exposure to high doses (5 and 10 µM) of ttDDE significantly increased intracellular oxidative stress (ROS), reduced
GSH/GSSG (glutathione status) and decreased cell viability in human bronchial
epithelial cells BEAS-2B. However, long-term exposure to non-cytotoxic doses (0.1
and 1 µM) of tt-DDE significantly increased cell proliferation on day 45. At the
same time, treatment with 1 µM tt-DDE increased the expression and release of
pro-inflammatory cytokines TNFα and IL-1β, but reduced p27 expression. Cotreatment of BEAS-2B cells with either antioxidant N-acetylcysteine or vitamin C
prevented tt-DDE induced cell proliferation, release of cytokines and reduction of
p27 expression. Therefore, these results suggest that tt-DDE-induced changes may
be due to increased ROS production and enhanced oxidative stress. Furthermore,
reduction of p27 expression may involve in tt-DDE-induced cell proliferation.
Since increased cell proliferation and the release of TNF-α and IL-1β are believed
to be involved in tumor promotion, our results suggest that tt-DDE may play a role
in cancer promotion.

2-D GEL COMPARISON OF THE ACI RAT MAMMARY
GLAND AND MAMMARY TUMORS INDUCED BY 17BESTRADIOL

X. Lin1, M. Gallo2, K. Reuhl1, B. Buckley1, I. Yang1 and P. Thomas1. 1Rutgers,
The State University. of NJ, Piscataway, NJ and 2UMDNJ, Piscataway, NJ.
The ACI rat is uniquely susceptible to mammary carcinogenesis by estrogen without prior chemical carcinogen initiation and an appropriate animal model for
studying human breast cancer. This study was designed to analyze the differential
expression of proteins from ACI rat mammary gland and tumor tissues and to identify potential biomarkers for breast cancer diagnosis. The cytosol of normal and
tumor mammary gland tissues were collected after continuous 17B-estradiol for
38-46 weeks. Using 24 cm immobiline gel strips for Isoelectric focusing, 500 ug of
proteins were focused on each gel, followed by 12% SDS-PAGE. Both samples
were in triplicate. Two-dimensional gel patterns were analyzed with Non-Linear
Dynamics’ PhoretixTM 2D Evolution software 2005. Seventy spots were significantly different between normal and tumor mammary gland tissues. All protein
identifications were obtained by LC-MS/MS and TurboSEQUEST database search
after trypsin in-gel digestion. Twenty six proteins were identified, 12 of 26 proteins
have been associated with carcinogensis of the breast and other tissues based on literature: glutamate dehydrogenase, chloride intracellular channel 1, cytokeratin 19
and nucleolar phosphoprotein B23.1 are up-regulated with tumor development;
whereas transaldolase 1, beta-galactoside-binding lectin, mammary growth derived
inhibitor, GDP-dissociation inhibitor, glycosylation dependent cell adhesion molecule 1, Annexin V, tropomyosin 1 and calreticulin were down-regulated.
Cytokeratin 19 has been suggested as a marker in breast cancer while chloride intracellular channel 1 as a marker in colorectal cancer. MDGI has been reported as a
growth inhibitor for beast cancer, since its high protein expression in normal mammary gland tissue vs. very low presence in mammary gland tumor tissue on 2D gels,
it can be considered as a bio-marker for mammary carcinogensis. This is the first
protein expression analysis of ACI rat mammary gland compared to spontaneous
tumors arising in the mammary glands following continuous estrogen exposure.
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PERSISTENT GENE EXPRESSION CHANGES INDUCED
BY DIETHYLSTILBESTROL IN THE NEONATAL MOUSE
UTERUS: ROLE OF EPIGENETICS IN
CARCINOGENESIS

F. Lim, R. A. Currie, K. Antrobus, D. J. Moore, H. Tinwell, J. Odum, J.
Harris, S. Moreland, J. Wright, I. Kimber, J. Ashby, G. Orphanides and J. G.
moggs. CTL, Syngenta, Macclesfield, United Kingdom.
Xenoestrogen-induced uterine carcinogenesis is associated with persistent changes
in gene expression. An epigenetic mechanism, whereby DNA methylation of affected genes is perturbed, has been proposed for this persistent deregulation. To explore this hypothesis, we used a neonatal mouse model to investigate global diethylstilbestrol (DES)-induced uterine gene expression changes. From Post Natal Day
(PND) 1, CD1 mice were given 5 daily subcutaneous doses of DES (1 or 1000
µg/kg/day), which results in uterine tumours 18 months later, or vehicle control
(corn oil). Animals were sacrificed at PND 6, 8, 12, 17, 30 and 50, and reproductive tracts were collected. Gravimetric and histopathological analyses, and oestrous
cycle staging, were performed to provide phenotypic anchoring for uterine transcript profiling using Affymetrix Mouse Genome 430_2 GeneChips. Analysis of
microarray data from PND 17 and 50 uteri identified 442 persistently up- or
down-regulated genes in DES-exposed animals (1-way ANOVA, Benjamini and
Hochberg false discovery rate <0.05). Pathway analysis revealed changes in genes associated with cell cycle, DNA replication, chromosome organisation, one-carbon
metabolism and histogenesis, including uterine development. A subset of these
were key cancer signalling genes e.g. Msx1, a homeobox transcriptional repressor,
which interacts with the p53 tumour suppressor and inhibits tumour growth by inducing apoptosis. The observed persistent repression of Msx1 may contribute to the
increased incidence of tumours. Genes differentially regulated between DES dose
levels were also found, e.g. Trp63, a key gene controlling uterine development and a
known marker of squamous metaplasia in the uterus, which corresponded with our
histopathological observations. In conclusion, persistent DES-induced uterine gene
expression changes which may play an important role in carcinogenesis were identified. The DNA methylation status of these genes are being investigated currently.
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INCREASED CELL PROLIFERATION AND REDUCED
P27 EXPRESSION BY TRANS, TRANS-2,4-DECADIENAL
VIA OXIDATIVE STRESS IN HUMAN BRONCHIAL
EPITHELIAL CELLS

P. Lin1, 2, W. Lo1, Y. Chang1 and L. W. Chang2. 1Institute of Medical and
Molecular Toxicology, Chung Shan Medical University, Taichung, Taiwan and
2
Division of Environmental Health and Occupational Medicine, National Health
Research Institutes, Kaoshiung, Taiwan.
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ACRYLONITRILE INDUCES OXIDATIVE DNA DAMAGE
IN RAT GLIAL CELLS

X. Pu, L. M. Kamendulis and J. E. Klaunig. Pharmacology and Toxicology, Indiana
University, Indianapolis, IN.
Acrylonitrile (ACN), used in the manufacture of plastics, acrylic fibers, and synthetic rubber, resulted in a dose-related increase in gliomas in rat following chronic
exposure. Studies support that the mechanism of ACN carcinogenicity involves induction of oxidative stress. Metabolism of ACN occurs through glutathione (GSH)
conjugation and oxidation by cytochrome P450, with the latter pathway producing
a reactive epoxide, cyanoethylene oxide (CEO) that can further undergo metabolism to cyanide. Previous studies have reported increased oxidative DNA damage
following ACN exposure, however, the source of the oxidative damage has not been
demonstrated. Further, the potential of ACN or metabolite (e.g. CEO) to induce
direct DNA damage as a mechanism for ACN carcinogenicity has been questioned.
The present study examined the ability of ACN to induce DNA damage in the
DITNC1 rat glial cell line using the alkaline Comet assay. Oxidized DNA damage
was also investigated using the formamidopyrimidine DNA glycosylase modified
Comet assay. No increase in direct DNA damage was seen in glial cells exposed to
sublethal concentrations of ACN (0-1.0 mM) for 24 hrs. However, ACN resulted
in a concentration-related increase in oxidative DNA damage after 24 hrs.
Antioxidant supplementation (α-tocopherol, (-)-epigallocathechin-3 gallate, or
Trolox) reduced ACN-induced oxidative DNA damage. Additional studies were
conducted to identify which pathway of ACN metabolism contributed to increased
oxidative DNA damage. Depletion of GSH with 0.1 mM buthionine-sulfoximine
increased ACN-induced oxidative DNA damage (22-46%), while co-treatment
with a GSH precursor, L-2-oxothiazolidine-4-carboxylic acid (2.5 mM), reduced
ACN-induced oxidative DNA damage (7-47%). Co-treatment with 0.5 mM 1aminobenzotriazole, a cytochrome P450 inhibitor, prevented the oxidative DNA
damage by ACN. Cyanide (0.1-0.5 mM) increased oxidative DNA damage (44160%) in glial cells. Taken together, these results suggest that ACN-induced oxidative DNA damage arises mainly through the P450 metabolic pathway, and GSH
depletion may be a contributory factor.
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REGULATION OF GAP JUNCTIONS BY TPA IN COLON
CANCER CELLS

V. B. Nareddy and A. Nguyen. Diagnostic Medicine / Pathobiology, Kansas State
University, Manhattan, KS.
Colorectal cancer is the third most common type of cancer in both men and
women and the second most cause of cancer death in the United States. Learning
more about the changes in protein and DNA that cause the cells of colon and rectum to become cancerous and understanding how these work would lead to new
drugs and treatments to correct these problems. Evidence has shown that cell development and growth are involved in cell communication. Gap junctions are an example of one type of cell communication and can be regulated through PKC sig-

naling pathway. Phorbol esters are the analogues of diacylglycerol(DAG) which are
the natural endogenous ligands of classical PKCs. Previous studies have demonstrated that DAG stimulated PKC can inhibit gap junctions. TPA is one member of
phorbol esters that has been shown to induce activation of classical PKCs. The goal
of our studies is to determine the effect of TPA (12-o-tetra decanoyl phorbol 13 acetate) on gap junctional proteins (connexins) in SW 480 and HT 29 colon cancer
cells. We performed western blot analyses after treating the cells with different concentrations of TPA. The results showed increase in the expression of Connexin 26,
32 and 43 at 200, 120 and 300 nM of TPA, respectively, in SW 480 cells. In the coimmunoprecipitation studies we found an increase in the interaction between
PKCα and Connexins 26, 32 and 43 at 200, 120 and 300 nM of TPA, respectively.
These results suggest that TPA may play a role in regulation of gap junctions via
PKC signaling pathway in colon cancer cells. Further studies of TPA will demonstrate phosphorylation of connexin proteins, translocation of PKC from cytosol to
membrane and formation of gap junctional plaques using confocal microscopy.
Understanding how TPA affects the gap junctional intercellular communication of
cancer cells and subsequent interference with cell communication of cancer cells
will provide valuable evidence of the biochemical mechanisms of action.
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ROLE OF OXIDATIVE DNA DAMAGE IN HUMAN
ESOPHAGEAL CARCINOGENESIS

Z. wang1, Y. Tang1, H. Luo1, G. Sun2, Y. Xie2, S. Wang2, X. Hu3, L. Tang1
and J. Wang1. 1Department of Environmental Toxicology, Texas Tech University, The
Institute of Environmental and Human Health (TIEHH), Lubbock, TX, 2Southeast
University, Nanjing, China and 3CDC Huaian Branch, Huaian, Jiangsu, China.
Studies have shown that oxidative DNA damage contributes to the development of
many types of cancers; however, evidence is limited in human esophageal cancer. In
order to investigate roles of DNA oxidative damage in human esophageal carcinogenesis, a population based case control study was conducted in 107 cases and 107
matched controls in Huaian, Jiangsu, China, a high risk area of esophageal cancer.
Urinary excretion of oxidative DNA damage biomarker, 8-hydroxydeoxyguanosine
(8-OHdG), was determined by HPLC-CoulArray method. The genetic polymorphism of hOGG1, the major gene responsible for repairing this type of DNA damage, was determined by PCR/RFLP method using DNA extracted from peripheral
white blood cells. No statistically significant difference was found between the allele
frequency of hOGG1 Ser326Cys in cases (44/106, 41.5%) and controls (49/107,
45.7%). The averaged concentration of 8-OHdG in case urine samples was 913.8
± 90.1 ng/ml with 95% confidence interval of 735.0-1,092.6 ng/ml, which was
significantly higher than that of in controls (620.2 ± 60.1 ng/ml; 95% confident
interval of 501.1-739.3; p=0.012). No gender difference was detected in both
hOGG1 allele distribution and concentration of urinary 8-OHdG. These results
suggest that the oxidative DNA damage plays an important role in the development
of esophageal cancer in this high-risk population, although the individual’s DNA
repair capacity involved in the process of this disease needs to be further studied.
This study also provided a rationale for future intervention studies with antioxidative products in this high-risk population. (Supported by the research grant
CA94683 from NCI/NIH).
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SER473

SER276

ANALYSIS OF PAKT
, NFκB PP65
AND PIκBαSER32/36 IN N-NITROSOMETHYLBENZYLAMINE
(NMBA)-INDUCED RAT ESOPHAGEAL
TUMORIGENESIS BY IMMUNOHISTOCHEMISTRY

T. Chen, R. G. Nines and G. D. Stoner. Internal Medicine, The Ohio State
University, Columbus, OH.
Our laboratory has used a rodent model of esophageal squamous cell carcinoma
(ESCC) to investigate the modulation of molecular events and to identify putative
chemopreventive agents. It is demonstrated that the phosphatidylinositol 3’-kinase
signaling cascade plays a central role in regulating cell proliferation and survival by
affecting the phosphorylation of Akt. The nuclear factor - κB (NFκB) is a pivotal
transcription factor that mediates the expression of inducible nitric oxide synthase
and cyclooxygenase-2, which are upregulated in rat and human ESCC. In normal
cells, NFκB is inactive in the cytoplasm and associated with its inhibitory protein,
IκB-α. Activation of NFκB results in degradation of IκB-α by phosphorylation
and translocation of NFκB to the nucleus. In the present study, normal rat esophagus and N-Nitrosomethylbenzylamine (NMBA)-induced preneoplastic and papillomatous lesions of the esophagus were characterized for pAktSer473, NFκB
pp65Ser276 and pIκB-αSer32/36 by immunohistochemistry. F344 rats were injected
s.c. with NMBA (0.25 mg/kg b.w.) three times per week for 5 weeks. At 25 weeks,
esophagi were collected from NMBA-untreated and -treated rats. In normal esophagus, positive staining of pAktSer473 and pIκB-αSer32/36 was observed only in

macrophages and not in epithelial cells. There was no staining for NFκB pp65Ser276
in the esophagus. In the esophageal epithelium of NMBA-treated rats, there was extensive cytoplasmic staining of pAktSer473 and pIκB-αSer32/36 and nuclear staining of
NFκB pp65Ser276. These data demonstrate that the production of pAktSer473, NFκB
pp65Ser276 and pIκB-αSer32/36 by the epithelium is associated with NMBA-induced
esophageal tumorigenesis. It may be important to develop new strategies for
esophageal cancer prevention by targeting these molecules (Supported by NCI
grants CA96130 and CA103180).
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REGULATION OF GAP JUNCTIONS BY TCDD IN
BREAST CANCER CELLS

G. Gakhar, D. Lawn and A. Ngyuen. Diagnostic medicine/pathobiology, KSU,
Manhattan, KS.
Breast cancer is one of the leading causes of premature death in North American
women, and the formation and growth of breast tumors are estrogen-dependent.
The development of rational treatment strategies for mammary cancer is dependent
on understanding regulation of mammary cancer development and growth, and inhibition of these responses. Evidence has shown that cell development and growth
are involved in cell communication. Gap junctions are an example of one type of
cell communication and can be regulated through PKC signaling pathway. Many
hydrocarbons and organochlorine compounds are endocrine disruptors that have
been shown to downregulate gap junctions. The regulation of gap junctions by the
hydrocarbon, 2,3,7,8-TCDD in breast cancer cells is unknown. The goal of our
studies is to determine the effect of TCDD on gap junctions in MDA-MB-231 and
MCF-7 breast cancer cells. After treatment of various concentrations of TCDD,
cells were harvested with lysis buffer and western blot analyses were performed. The
results showed an increase in PKC alpha expression and gap junctional protein,
connexin 43, in the presence of TCDD in a concentration dependent manner. In
translocation studies, PKC alpha was translocated from the cytoplasm to the membrane in the presence of 50nM or 100nM of TCDD. In addition, immunoprecipitation studies showed that 100 nM TCDD caused an increase in interaction of
PKC alpha and connexin 43 compared to a control without TCDD treatment. We
also found an increase in the activity of immunoprecipitated PKC α treated with
50 or 100 nM TCDD. These results suggest that TCDD may play a role in regulation of gap junctions in breast cancer cells.Understanding how TCDD affects gap
junctional intercellular communication and subsequently interferes with cell communication of cancer cells will provide valuable evidence of the biochemical mechanisms of action. Future studies also include TCDD effect on other breast cancer
cell lines like MDA-231, ZR-75 and T-47D, gap junctions and plaque formation
using confocal microscopy. The effect of TCDD on the expression of other kinases
will also be studied.
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MODULATION OF TRANSCRIPTION FACTOR
BINDING TO CONNEXIN 32 PROMOTER BY
HEXACHLOROBENZENE IN FEMALE RATS

I. Plante, D. Cyr and M. Charbonneau. INRS-Institut Armand-Frappier,
Universite du Quebec, Montréal, QC, Canada.
Hexachlorobenzene (HCB), a widespread epigenetic environmental carcinogen,
renders female more susceptible than male rats to development of hepatic tumors.
We have previously shown that in female, but not male rats, HCB down-regulates
gene expression and causes a significant decrease in gap junctional intercellular
communication (GJIC). The latter results in part from a decrease in the liver gap
junction protein, connexin 32 (Cx32). This study was aimed to assess the mechanism of HCB-induced Cx32 down-regulation by focusing on the binding of transcription factors the gene promoter. Male and female rats were administered 100
mg/kg of HCB by gavage for five consecutive days and killed 45 days later; control
rats received corn oil alone. Liver nuclear proteins were isolated and incubated with
labeled double stranded DNA from three regions of the Cx32 promoter (FR26,
Fr53, Fr110) which have been shown to regulate the expression of hepatic Cx32.
The binding protein-DNA complexes were analysed by Electrophoretic Mobility
Shift Assay. No significant differences between groups were observed for the two
complexes formed with Fr53; for Fr110 a significant 3-fold decrease in the intensity
of the complex formed was observed between HCB-treated and control females,
while no changes were observed in proteins isolated from male livers. Furthermore,
a female-specific 5-fold decrease in binding was observed with Fr26. Supershift experiments are currently under investigation to confirm the identity of the transcription factors binding to each DNA fragment. Together, these data suggest that the
decrease in Cx32 mRNA level induced by HCB in females results from a decrease
in the binding of transcription factors which stimulate the expression of Cx32.
Supported by the Canadian Liver Foundation and NSERC.
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THE ROLE OF PHOSPHOLIPASES IN THE INHIBITION
OF GAP JUNCTION COMMUNICATION AND THE
ACTIVATION OF MAPK BY SPECIFIC ISOMERS OF
METHYLATED ANTHRACENES. PART 1

L. Blaha, J. E. Trosko and B. L. Upham. Pediatrics & Human Development, and
National Food Safety & Toxicology Center, Michigan State University, East Lansing, MI.
The mitogenic activity of tumor promoters requires the removal of an initiated cell
from growth suppression by inhibiting gap junctional intercellular communication
(GJIC) and the activation of intracellular mitogenic pathways. We previously determined that the 1-methyl and not the 2-methyl isomer of anthracene (1-MeA, 2MeA) activate mitogen activated protein kinase (MAPK), and inhibited GJIC in
F344 rat liver epithelial cells. An immediate upstream response to 1-MeA was a
rapid (<1 min) release of arachidonic acid (AA). Inhibition of phosphatidylcholine
specific phospholipase C (PC-PLC), but not phosphatidylinositol specific PLC,
prevented the inhibition of GJIC by 1-MeA. Inhibition of phosphokinase A and Gprotein coupled receptor also prevented inhibition of GJIC, whereas, inhibition of
PLA2 and diacylglycerol lipase had a small effect, and phospholipase D (PLD), protein kinase C (PKC), tyrosine protein kinases such as Src had no effect. Direct
measurement of PC-PLC and sphingomyelinase (SMase) indicated that only PCPLC was activated in response to 1-MeA. Neither PC-PLC nor SMase was activated by 2-MeA. Our results indicate that PC-PLC is an important enzyme in the
induction of a tumorigenic phenotype, namely the inhibition of GJIC and the activation of a mitogenic signal transduction pathway. Support: NIEHS grants #R56
ES013268-01A1 to BLU, and #P42 ES04911-17 to JET.

nase (JNK). At the same time, OTA blocked metaphase/anaphase transition, and
this was associated with defects in mitotic spindle assembly as shown by immunostaining of α-tubulin. Moreover, aberrant mitotic figures and giant cells with abnormally enlarged and/or multiple nuclei, sometimes still connected by chromatin
bridges, were observed in OTA treated IHKE cell cultures, indicating defects in
chromosome segregation and/or cytokinesis. Interestingly, treatment with OTA
also resulted in activation of the transcription factor NFκB, which is known to be
rapidly activated in response to microtubule interfering agents and which has been
shown to promote cell survival during mitotic cell cycle arrest.
Based on these observations, we hypothesize that OTA may interfere with microtubuli dynamics and function of the mitotic spindle, resulting in apoptosis or - in
the presence of survival signals such as stimulation of the NFκB pathway - premature exit from mitosis. Aberrant exit from mitosis resulting in blocked or asymmetric cell division may favor the occurence of cytogenetic abnormalities and may play
a critical role in renal tumor formation by OTA.
This work was supported by the European Union and the Deutsche
Forschungsgemeinschaft.
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CONDITIONAL DOWN-REGULATION OF ARYL
HYDROCARBON RECEPTOR NUCLEAR
TRANSLOCATOR INHIBITS TUMOR GROWTH AND
ANGIOGENESIS IN A SUBCUTANEOUS MOUSE
XENOGRAFTS MODEL

S. T. Shi, D. Yoon, K. Hodge-Bell and O. Hankinson. University of California Los Angeles, Los Angeles, CA.
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DYSFUNCTION OF P27KIP1 IS ASSOCIATED WITH
INCREASED MOUSE URINARY BLADDER TUMOR SIZE

K. Ogawa, A. Hikosaka, S. Sugiura, M. Asamoto, S. Suzuki and T. Shirai.
Experimental Pathology and Tumor Biology, Nagoya City University Graduate School
of Medical Sciences, Nagoya, Japan.
Deregulated proliferation is one of the fundamental characteristics of carcinogenesis. The cell cycle regulator p27kip1 belonging to the Cip/Kip family is one of the
most well characterized negative regulation factors. In our previous study on rat urinary bladder carcinogenesis, protein levels of p27kip11 were found to be slightly decreased by uracil calculi-induced cell proliferative stimuli and the protein level was
dramatically but reversibly increased after withdrawal of the insult. Down and upregulation of p27kip1 dependent on the presence of cell-proliferative stimuli due to
uracil caliculi was also noted in carcinogen-induced mucosal hyperplastic lesions
but not neoplastic lesions such as carcinomas. This fact suggests that p27kip1 plays
an important role in early urinary bladder carcinogenesis. In the present study, to
evaluate this question, N-butyl-N-(4-hydroxybutyl)nitrosamine (BBN), a bladder
carcinogen was given to p27kip1 knockout mice. Males and females with either null,
hetero or wild alleles of p27kip1 were divided into 2 groups, one given drinking
water containing 0.05 % BBN for 10weeks and the other receiving distilled water.
At the 20th experimental week, all mice were killed for analysis. The incidence of
urinary bladder carcinomas was significantly higher in female p27kip1 null mice
than in their wild-type counterparts. However, p27kip1 deficiency particularly affected tumor growth, in terms of weights of urinary bladders and tumor occupying
areas in BBN-treated mice. Frequencies of p53 mutation in BBN-induced lesions
were similar among the p27kip1 genotypes. Interestingly, while BrdU labeling indices were generally accelerated with progression of mucosal proliferative lesions,
from normal epithelium, through hyperplasia to carcinoma, there was again no significant variation with the p27kip1 genotype. These findings suggest that p27kip1 deficiency mostly impacts on tumor growth during BBN-induced mice urinary bladder carcinogenesis.
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OCHRATOXIN A BLOCKS METAPHASE-ANAPHASE
TRANSITION, RESULTING IN APOPTOSIS AND
ABERRANT EXIT FROM MITOSIS

A. Mally, E. Rached and W. Dekant. Department of Toxicology, University of
Wüerzburg, Wüerzburg, Germany.
The mycotoxin ochratoxin A (OTA) is a potent nephrotoxin and causes renal tumors in rodents. The molecular events leading to tumor formation by OTA are not
well defined and both genotoxic and non-genotoxic mechanisms may be involved.
Early pathological changes observed in kidneys of rats treated with OTA in vivo include frequent mitotic and abnormally enlarged cells, detachment of tubule cells
from the basement membrane and apoptosis within the S3 segment of the proximal
tubule, suggesting that OTA may interfere with molecules involved in the regulation of cell division and cell death by apoptosis.
In this study, treatment of immortalized human kidney epithelial cells (IHKE) with
OTA (0-50 µM) for up to 24h resulted in a time- and dose-dependent increase in
apoptosis and activation of the stress activated protein kinase c-Jun N-terminal ki-
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The aryl hydrocarbon receptor nuclear translocator protein (ARNT); also called
hypoxia-inducible factor-1 beta, is the dimerization partner for aryl hydrocarbon
receptor (AHR), HIF-1alpha, and some other proteins. AHR binds and mediates
the carcinogenic and toxic effects of a wide variety of compounds while HIF-1 is
the master regulator of the hypoxic response, triggering many adaptations to hypoxia, including angiogenesis. The role of ARNT in different stages of tumor development remains to be clarified. To testify the hypothesis that the effects of HIF1 and ARNT activity on tumor growth depends upon the stage of tumor
development, we generated tumor xenografts from c4 hepatoma cells in which
ARNT expression is regulated by tetracycline, and studied the effect of modulating
ARNT expression on tumor growth kinetics and angiogenesis. C4 derivations were
injected subcutaneously in nude mice and the mice fed doxycycline a) from 0 to
day 7, b) from day 7 to day 17, c) from day 0 to day 17, or d) not at all. With lowered level of wild-type ARNT, tumors in group c) also grew the slowest while those
in group d) without doxycycline grew the fastest. Tumors in group a) and b) grew
slower when doxycycline was added. The blood vessel area tended to be decreased
with ARNT down-regulation although the level of VEGF gene expression seems to
be unaffected. These findings support the notion that ARNT expression is required
for a maximal growth rate both at the early and late stages of tumor growth.

965

PPARβ INDUCES DIFFERENTIATION AND INHIBITS
CELL PROLIFERATION IN HUMAN AND MURINE
KERATINOCYTES

A. D. Burdick1, M. T. Bility1, D. Kim1, A. N. Billin2, T. M. Willson2 and J. M.
Peters1. 1Department of Veterinary Science, Center for Molecular Toxicology and
Carcinogenesis, The Pennsylvania State University, University Park, PA and
2
Discovery Research, GlaxoSmithKline, Research Triangle Park, NC.
Previous studies demonstrated a role for peroxisome proliferator-activated receptorβ (PPARβ) in the regulation of keratinocyte differentiation and cell proliferation.
PPARβ (–/–) mice exhibit increased 7,12-dimethylbenz(a)anthracene (DMBA)-induced skin tumor formation as well as increased epidermal hyperplasia following
phorbol ester administration when compared to wild-type mice. PPARβ may function to inhibit carcinogenesis through growth regulatory mechanisms that might
involve the induction of keratinocyte differentiation. Expression of mRNA markers
for differentiation such as involucrin, transglutaminase-I, small proline-rich protein (SPR)1A, SPR1B, and adipose differentiation related protein (ADRP) are induced by PPARβ ligands in keratinocytes and skin from wild-type mice but not
PPARβ-null mice. However, due to the potential species difference between mouse
and human with regard to PPAR function, it was necessary to validate these results
in a human keratinocyte model. Rheinwald and co-workers have established immortalized human keratinocytes through the forced expression of the telomerase
catalytic subunit, hTERT. These keratinocytes maintain growth factor dependence
and normal differentiation characteristics, making them an attractive model that
closely resemble human primary cells. In the current studies, we show that activation of PPARβ in N/TERT-1 keratinocytes by GW0742 causes an accumulation of
G1 phase cells, a decrease in cell number, and the induction of mRNA markers of
keratinocyte differentiation. Contrary to reports in the literature using other keratinocyte models, the activation of PPARβ was not associated with increased

PDK1 or ILK expression or increased phosphorylated Akt. Thus, these studies confirm that PPARβ activation by GW0742 is associated with the induction of differentiation and decreased cell proliferation in both mouse and human keratinocyte
models.
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MIXED LINEAGE LEUKEMIA GENE
REARRANGEMENTS IN HUMAN HEMATOPOIETIC
STEM CELLS EXPOSED TO ETOPOSIDE AND
CHLORPYRIFOS

E. P. Gallagher1, J. Shao1, C. Moneypenny2, M. Eckert1, P. Stapleton1, T.
Bammler1, R. Beyer1 and F. Farin1. 1Environmental and Occupational Health
Sciences, University of Washington, Seattle, WA and 2Hematology and Oncology, St.
Jude Children’s Research Hospital, Memphis, TN.
During fetal development, the liver serves as the primary hematopoietic organ in
which hematopoietic stem cells (HSC) comprise a large proportion of hepatic cell
populations. Because HSC initiate long-term hematopoiesis, injury to these cells
during pregnancy may contribute to the development of hematopoietic disorders
manifested after birth. Of concern is the role of genetic injury to fetal HSC in the
etiology of the infant acute leukemias, which are characterized by chromosomal rearrangements involving the mixed lineage leukemia (MLL) gene. These gene fusions are also present in secondary leukemias in some adults following chemotherapy with etoposide and other inhibitors of DNA topoisomerase II. Exposure of
HSC to etoposide resulted in cell injury at low nanomolar concentrations. DNA
strand breaks were observed on exposure to 138 nM etoposide, and higher etoposide concentrations stimulated an increase in early lymphoid populations and
G2/M cell cycle arrest. Immunophenotyping of MLL translocations revealed a significant increase in flow cytometry events consistent with MLL recombination, and
MLL translocations were confirmed in a subset of cells using fluorescent in situ hybridization. Similar gene translocations were observed in HSC exposed to the
organophosphate pesticide chlorpyrifos, a compound of relevance to exposures during pregnancy. Quantitiative RT-PCR and gene profiling experiments suggested
that relatively poor detoxification and DNA damage repair capacities contributed
to the sensitivity of HSC to DNA injury. Our data indicate that low acute doses of
etoposide and chlorpyrifos can cause DNA damage and chromosomal rearrangements involving MLL in human fetal HSC. Such injury may have ramifications for
exposures to environmental and dietary chemicals during pregnancy and increased
risk to leukemia in infants. Supported by NIH ES09427, P30-ES07033 and the
UW Royalty Research Foundation.

967

GENETIC ALTERATIONS IN CANCER: GENE
MUTATIONS IN LUNG AND LIVER TUMORS OF
MICE AND HUMANS EXPOSED TO
ENVIRONMENTAL AGENTS

M. Jackson1, I. Lea1, A. Rashid2, S. Peddada3 and J. Dunnick3. 1Health and
Information Sciences Division, ILS, Inc., Research Triangle Park, NC, 2Software
Development, AGTI, Inc., Raleigh, NC and 3Environmental Toxicology Program,
NIEHS, Research Triangle Park, NC.
Mutational incidence and spectra for genes examined in human and mouse lung
and liver tumors were analyzed using the National Institute of Environmental
Health Sciences (NIEHS) Genetic Alterations in Cancer (GAC) data system
(http://dir-apps.niehs.nih.gov/gac). GAC is a web-based system for evaluating data
from the open literature on genetic changes in tumors associated with exposure to
chemical, physical or biological agents as well as spontaneous tumors. In mice, mutations in Kras2 and Hras-1 were the most common events reported for chemically
induced and spontaneous lung and liver tumors, respectively. There was a significant difference in Kras2 mutation incidence for spontaneous versus induced mouse
lung tumors and in Hras-1 mutation incidence and spectrum for spontaneous versus induced mouse liver tumors. The major gene changes reported for human lung
and liver tumors were in KRAS2 (lung only) and TP53. The KRAS2 mutation incidence was similar for spontaneous and asbestos-induced human lung tumors, while
the TP53 mutation incidence differed significantly. Aflatoxin B1, hepatitis B virus,
hepatitis C virus, and vinyl chloride all caused TP53 mutations in human liver tumors, but the mutation spectrum for each agent differed. The incidence of KRAS2
mutations in human compared to mouse lung tumors differed significantly as did
the incidence of Hras and p53 gene mutations in human compared to mouse liver
tumors. Differences observed in the mutation spectra for tumors induced by specific classes of chemicals compared to spontaneous tumors suggests that the spectra
may serve as a “fingerprint” of exposure based on the type or chemical class of the
agent. Supported by the Intramural Research Program of the NIH, National Institute of
Environmental Health Sciences Contract No. N43-ES-15477.
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A NOVEL POLYMORPHIC RAT NACETYLTRANSFERASE ALLELE (NAT3*2) WITH
REDUCED CATALYTIC ACTIVITY IN VITRO

J. M. Walraven, D. F. Barker, M. A. Doll and D. W. Hein. Pharmacology &
Toxicology and Brown Cancer Center, University of Louisville, Louisville, KY.
Arylamine N-acetyltransferase (NAT) enzymes metabolize pharmaceutical drugs
and pro-carcinogen xenobiotics. Human NAT1 and NAT2 exhibit functional polymorphic variations that can significantly impact the activity of the encoded
isozymes. Therefore, individual variations in acetylator genotype significantly modify drug response or toxicity and susceptibility to certain cancers. Rodent models
are utilized to advance our knowledge of in vivo NAT function. Rat Nat1 and Nat2
enzymes share many similarities with human NAT2 and NAT1, respectively. We
recently characterized a third rat locus, Nat3, with distinct functional N-acetyltransferase properties. To further explore and characterize inbred rats as models for
NAT research, the coding regions of rat Nat1, Nat2, and Nat3 from inbred strains
BN, CDF, LEW, SHR, COP, BUF, ACI, DA, MW, PVG, WF, and LOU/M were
sequenced completely in both directions to ensure complete coverage. All strains
possessed the wild-type rat Nat1 and Nat2 alleles, and most contained wild-type
Nat3. However, the strains ACI & COP possessed an identical variant rat Nat3 allele that differs from wild-type by a G619T transversion that codes for a change
from alanine to serine, Ala207Ser. Both wild-type and Ala207Ser variant Nat3 coding regions were cloned into a bacterial expression vector and recombinantly expressed in E.coli. When tested for N-acetylation of 4-aminobiphenyl and 2-aminofluorene, the Ala207Ser variant enzyme had significantly reduced activity when
compared with wild-type Nat3 in the same system. Although the Ala207Ser variant
had slightly reduced enzyme stability, its reduced activity is explained primarily by
the reduction of its specificity constant (Vmax/Km) by about half when compared
to wild-type. The discovery of a new rat Nat polymorphic gene could provide more
options for studying polymorphic Nat enzymes in vivo. Partially supported by
USPHS grants CA34627 and ES011564.
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APOPTOSIS AND SENESCENCE IN CARCINOGENIC
MODELING USING MDM2-P53 KNOCKOUT MICE

A. O. Chiu1, N. H. Chiu2, D. V. Singh1, J. Beaubier3 and L. Donehower4.
1
NCEA DC, USEPA, Washington, DC, 2OST OW, USEPA, Washington, DC,
3
OPPTS, USEPA, Washington, DC and 4Medical Center, Baylor University,
Houston, TX.
Carcinogenesis is modeled simultaneously at the organismic and cellular-molecular
levels considering both multistage effects and signaling pathways. We have used
Weibull-failure-time-distribution and gamma-distribution and gamma-accumulation models with observation consistent with 6 critical cell-cycle-events in cancer
development as noted by others. From our analysis on signaling pathways including
p53- p27- SMAD3- APACMin+/— Ink4a/ARF+/- -HGF/SF, we have concluded
that regulatory cell-cycle processes including apoptosis, senescence and genomic plasiticity are equivalent to organismic-histopathologic stages as defined by Foulds in
his seminal research of murine mammary adenocarcinoma. In those mice with various combinations of knockout tumor suppressor genes a shortening of time-totumor occurs consistent with having a product of these independent-probabilistic
causative-events. This shortening-of-latency at the organismic level is likely due to a
decrease in the number of carcinogenic steps. The application of Koch’s postulates
to these findings helps support a direct relationship among linked signaling parameters in MDM2-knock-out mice considering: 1)up-regulation of p53, and 2) decreases in
degradation from ubiquitination. The modeling results suggest that in p53+/knockout mice only 4-5 steps are required to induce carcinogenesis whereas in
p53+/-MDM2+/mice, one more step, i.e. 5-6 steps are required.
Disclaimer: The conclusions and opinions expressed in this article reflect only those
of the authors and not their associated institutions.
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GENETIC SUSCEPTIBILITY OF THE TRP53
HAPLOINSUFFICIENT MOUSE TO RADIATION
INDUCED LYMPHOMA

J. E. French and V. Parron. NIEHS, NIH, Research Triangle Park, NC.
The loss of tumor suppressor gene function through genetic or epigenetic alterations leads to gene dosage imbalance and genomic instability leading to cancer in
both rodents and humans. We have observed that B6-Trp53 and C3B6F1-Trp53
haploinsufficient mice are more susceptible to genotoxicity and loss of heterozygosity (LOH) and genomic instability in hematopoietic stem cell (HSC) neoplasms.
129B6F1 or C3B6F1 N12 Trp53 haploinsufficient mice develop HSC neoplasms
after exposure to a variety of human carcinogens (including ionizing radiation, benzene, cyclophosphamide, melphalan, etc.) very rapidly and with greater prevalence
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(60-100%) than B6129N5 Trp53 wild type mice (with a high degree of penetrance) in B6129-Trp53+/- N5 < N12 isotype. These carcinogen induced HSC
neoplasms have an increased prevalence for loss of heterozygosity involving the
Trp53 locus on chromosome 11. The pattern of LOH is consistent with either nondysjunction or somatic recombination repair. Studies performed to date have
lacked sufficient heterozygosity to densely map of sites of LOH associated with loss
of tumor suppressor gene functions. To determine specific sites of LOH we have
made a series of inter-crosses using mouse strains with varying susceptibility to
HSC neoplasms (129 x B6, C3H x B6, and D2 x B6). Each of these strains shows
varying susceptibility to carcinogen induced HSC neoplasm induction. By mapping sites of LOH (SSLP and haplotype markers) in F1 and F2 mice and phenotyping gene expression profiles (cDNA and protein microarrays) and determining
gene dosage imbalance (array CGH) we can determine the specific and determinant genetic events leading to cancer. This approach will also identify genes that
modify the induction and development of HSC neoplasms in susceptible and resistant mouse strains for extrapolation to human haplotypes and genotypes.
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REFINEMENT OF PCR-BASED DGGE FOR ANALYSIS OF
MUTATIONS IN THE P53 TUMOR SUPPRESSOR GENE
FOLLOWING IN UTERO EXPOSURE TO NRTIS

S. M. Torres1, 2, D. L. Cook2, D. M. Walker2, O. A. Olivero3, M. C. Poirier3
and V. E. Walker2. 1Toxicology, University of New Mexico, Albuquerque, NM,
2
LRRI, Albuquerque, NM and 3Carcinogen-DNA Interactions Section, National
Cancer Institute, Bethesda, MD.
Nucleoside analogs (NRTIs), usually given in combinations of two or more, are
highly effective in reducing transmission of HIV-1 from mother to infant, yet they
have been found to increase the frequency of mutations in reporter genes during
fetal life and may impose a cancer risk in children exposed in utero. Furthermore,
transplacental exposure to AZT has been found to induce mutations in the p53
tumor suppressor gene in 32 of 38 lung adenomas/carcinomas from male CD-1
mice, with individual tumors containing up to 4 mutations compared with zero in
concurrent control animal tumors (n=5) (Hong et al, Environ Mol Mutagen, in
press). These findings led to the hypothesis that some p53 gene mutations in tumors of AZT-exposed mice were induced during intrauterine life. Thus, methods
were adapted to identify p53 gene mutations in lungs of mice and cord blood lymphocytes of human infants exposed in utero to NRTIs, using PCR-based denaturing gradient gel electrophoresis (DGGE) assays and sequencing of mutations in
exons 5, 6, 7, and 8. Tissues being analyzed include lung from newborn B6C3F1
mice, lung tumors from both CD-1 mice (Diwan et al, Toxicol. Appl. Pharmacol.
15, 82-99, 1999) and B6C3F1 mice (Walker et al, Environ Mol Mutagen, in press),
and adjacent lung parenchyma from 2-year old B6C3F1 mouse offspring exposed
in utero to AZT. Preliminary analyses indicate that these assays can detect the occurrence of p53 gene mutations at birth in lungs of mice exposed in utero to AZT,
as well as in cord blood lymphocytes of human infants exposed in utero to AZT or
pairs of NRTIs. Results of these assays will address the important questions of
whether there is an overlap in the spectra and occurrence of multiple NRTI-induced p53 gene mutations in individual mice and human infants, indicative of an
increased risk for cancer in children who were exposed in utero to NRTIs.
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IN VIVO MUTAGENICITY AND INITIATION ACTIVITY
FOLLOWING OVEREXPRESSION OF OGG1 AND
INCREASE OF 8-HYDROXYGUANINE FORMATION IN
THE KIDNEY OF RATS GIVEN POTASSIUM BROMATE

T. Umemura1, K. Keita1, Y. Kuroiwa1, Y. Ishii3, K. Okano3, T. Nohmi2, A.
Nishikawa1 and M. Hirose1. 1Division of Pathol., National. INST.. Hlth. Sciences.,
Tokyo, Japan, 2Division of Genetics, Mutagenesis, National. INST.. Hlth. Sciences.,
Tokyo, Japan and 3Department.of Anal. Chem., Faculty of Pharma. Sciences., Hoshi
University., Tokyo, Japan.
To clarify carcinogenesis involving 8-hydroxyguanine (8-OH-G) formation as a
starting point, we examined dose-response and time-course changes in OGG1
mRNA expression, 8-OH-G and in vivo mutation assay in the kidneys of gpt delta
rats given potassium bromate (KBrO3) in the drinking water at doses of 0, 60, 125,
250 and 500 ppm for 13 weeks. The overexpression of OGG1 mRNA was observed
at 5 weeks exposure to KBrO3 at 500 ppm and 13 weeks at 250 ppm. Significant
increases of 8-OH-G were found at 500 ppm from 1 week and also observed for 13
weeks exposure to 250 ppm. In spite of gpt assay being negative, significant elevation of Spi- mutant frequency occurred from 9 weeks at 500 ppm. A two-stage renal
carcinogenesis model was performed, in which F344 rats were treated with KBrO3
under the same way as the first experiment for the first 13 weeks followed after a 2week recovery interval by nitrilotriacetate(NTA) at a dose of 1.0 % in the diet for
39 weeks as a promoter. One renal cell tumor was found in a rat given KBrO3 at
500 ppm followed by no-treatment. Incidence and multiplicity of renal preneoplastic lesions in rats given KBrO3 at 500 ppm followed by NTA treatment were sig-
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inificantly higher than the relevant control values. They suggest that contributing
factors to overexpression of OGG1 mRNA implies adequate lasting time under the
high levels of 8-OH-G formation. Likewise, certain period of time was required for
8-OH-G to be fixed as mutation, which was mainly deletion mutations, but not
point mutations in gpt delta rats. The initiation bioassay indicated that the cells
harboring mutation derived from 8-OH-G have the ability to be transformed to
the tumor cells by the assistance of tumor-promoter.

973

IDENTIFICATION OF COVALENT MODIFICATIONS IN
P450 2E1 BY 1,2-EPOXY-3-BUTENE

G. Boysen1, C. O. Scarlett2, B. Temple3, N. I. Georgieva1, C. H. Borchers2 and
J. A. Swenberg1. 1Environmental Sciences and Engineering, University of North
Carolina at Chapel Hill, Chapel Hill, NC, 2Biochemistry and Biophysics, University
of North Carolina at Chapel Hill, Chapel Hill, NC and 3R. L. Juliano Structural
Bioinformatics Core, University of North Carolina at Chapel Hill, Chapel Hill, NC.
1,3-Butadiene (BD) is metabolized by cytochrome P450 2E1 to several epoxides
that are considered toxic and carcinogenic. The first step of BD metabolism is oxidation to 1,2-Epoxy-3-butene (EB). It has been shown for other P450s that they
can be inactivated by covalent binding of reactive metabolites to protein or heme.
In this study, potential binding sites of EB in human P450 2E1 were identified to
evaluate whether EB binds to residues important for enzyme activity. Therefore,
human P450 2E1 was reacted with EB, digested with trypsin and the resulting peptides were analyzed by MALDI-MS. The identity of EB modified peptides was confirmed by tandem mass spectrometry sequencing.
These experiments shown that EB binds to four histidine and two tyrosine residues.
All modification sites were assigned by at least two adjacent and a minimum of 8
peptide specific fragments. Protein modeling revealed that two of these covalent
modifications (His109, His370) are clearly associated with active site, and that
their Cα atoms are located less than 9 Å from a known inhibitor binding site. In
addition, the side chain of His370 is within 4 Å of the heme group and its modification is expected to influence the orientation of the heme in the active site. The
Cα atom of Tyr71 is within 14 Å of an inhibitor binding site and within 7 Å of the
flap undergoing conformational change upon ligand binding, placing Tyr71 near
the substrate as it enters and leaves the active site.
Several in vitro binding sites of EB in human P450 2E1 were identified. To increase
the specificity towards BD we are currently investigating reactions of P450 2E1
with BD in the presence of NADPH for EB binding sites. The data support the hypothesis that EB can inactivate P450 2E1 by covalent modifications and thus add
an additional regulatory factor of BD metabolism.
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URBAN DUST PARTICULATE MIXTURE AFFECTS
METABOLIC ACTIVATION OF PAHS IN V79 CELLS IN
CULTURE

T. Musafia-Jeknic and W. M. Baird. Environmental and Molecular Toxicology,
Oregon State University, Corvallis, OR.
Chinese hamster V79 lung cells expressing human cytochrome P450 1A1 or 1B1
were treated with potent PAH carcinogens benzo[a]pyrene (BP) and
dibenzo[a,l]pyrene (DBP) and urban dust particulate mixture, SRM 1649a.
Cytochromes P450 1A1 and 1B1 are crucial in the metabolism and carcinogenesis
of BP and DBP. We assessed the metabolic activation of BP and DBP by measuring
the amount of DNA adducts formed after 24 and 48 h of cell culture treatment.
SRM 1649a is a sample of urban dust that contains many PAH, PCB congeners,
chlorinated pesticides and several inorganic constituents. The components of SRM
1649a can inhibit or induce the cytochrome P450 (CYP) metabolism of PAH. The
activity of CYP 1A1 and CYP 1B1 in V79 microsomes was measured by ethoxyresorufin O-deethylation (EROD) assay in presence of 0, 0.1, 1 and 10 µg/ml of
SRM 1649a dissolved in DMSO. We have found that EROD activity decreases
with higher SRM 1649a concentration and that 10 µg/ml concentration completely inhibits the activity. The components of SRM 1649a were not metabolized
by V79 cells in culture to DNA damaging adducts, but SRM 1649a had an effect
on the BP and DBP metabolism. Preliminary results show that in CYP 1A1 expressing V79 cells SRM 1649a induced the BP metabolism resulting in more DNA
adducts in cells treated with BP and SRM 1649a at 24 h, but at 48 h there was no
difference in the amount of DNA adducts. CYP 1A1 expressing V79 cells produced
low levels of DBP adducts regardless of SRM 1649a presence. In CYP 1B1 expressing V79 cells, at 24h the amount of DNA adducts was similar, but at 48h, there
were more DNA adducts in cells treated with DBP and 1649a than in DBP treatment. This might suggest that components in SRM 1649a block the repair of
DBP-DNA adducts. In case of BP and BP and SRM 1649a treatments in CYP 1B1
expressing V79 cells there was no difference in the amount of adducts detected at
24 or 48 h. Our study is important in understanding how an environmental mixture modifies PAH activation by CYP 1A1 and CYP 1B1. This research is supported by grant CA 28825.
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EFFECTS OF TREATMENT WITH
MONOMETHYLARSONIC ACID (MMA-V) OR
DIMETHYLARSINIC ACID (DMA-V) IN THE DIET OR
SODIUM ARSENATE (AS-V) IN THE DRINKING WATER
ON THE BLADDER EPITHELIUM OF FEMALE F344
RATS

L. L. Arnold1, M. Lu2, X. C. Le2, N. Clark1, M. Cano1 and S. M. Cohen1.
1
University of Nebraska MED. Ctr, Omaha, NE and 2University. of Alberta,
Edmonton, AB, Canada.
The organic arsenical DMA-V is a bladder carcinogen in rats when administered in
the diet or drinking water. Short-term administration of DMA-V causes urothelial
cytotoxicity followed by regenerative hyperplasia. Long-term treatment of rats with
the organic arsenical MMA-V in the drinking water caused urothelial hyperplasia
but no bladder tumors. The inorganic arsenical arsenate was negative in a 2-year
bioassay in rats. We evaluated the urothelial effects of treatment with 100 ug/g
DMA-V or 100 ug/g MMA-V in the diet or 100 ug/g As-V in the drinking water.
Rats were sacrificed after 1, 2, 6, 8, and 10 weeks of treatment and the effects on the
rat bladder epithelium were determined by light and scanning electron microscopy
(SEM). There was a decrease in body weight gain in the 100 ug/g As-V group during the first 2 weeks of treatment indicating that the dose of As-V used was toxic.
However, this might have been related to an aversion to drinking the As-V-containing drinking water rather than actual toxicity. The mean achieved dosage of arsenic
was higher in the As-V group (10.4 mg/kg) compared to the DMA-V (4.94 mg/kg)
and MMA-V (4.88 mg/kg) groups partially due to a higher consumption of water
per kg of body weight than diet. By light microscopy, there was no increase in
urothelial hyperplasia in the DMA-V or MMA-V groups at any time point.
However, there was an increase in urothelial hyperplasia in the As-V group as early
as 1 week after the start of treatment. By SEM, there were significant changes in the
bladder urothelium of rats treated with As-V or DMA-V. Only slight changes in the
bladder urothelium were found in the group treated with MMA-V. Over time, the
changes detected in the urothelium of the DMA-V-treated rats increased in severity
but the changes in the urothelium of the As-V-treated rats did not. This is the first
report of arsenate-induced changes in the rat bladder urothelium.
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ARSENITE MAINTAINS GERMINATIVE STATE OF
EPIDERMAL CELLS BY ALTERING WNT SIGNALING

T. J. Patterson and R. H. Rice. Pharmacology and Toxicology, UC Davis, Davis, CA.
Arsenic is a common drinking water contaminant and a worldwide health problem.
Skin cancer is frequently observed in individuals exposed chronically to arsenic by
this route. However, the mechanism of arsenic induced skin cancer is still unknown. We have previously demonstrated that arsenite preserves the population of
keratinocytes with the highest proliferative potential, slowing their exit from the
germinative pool into the differentiation pathway. The focus of current research is
to understand how arsenite upsets this crucial balance. Specifically, the hypothesis
tested was stabilized nuclear β-catenin protein levels are responsible for the preserved proliferative potential of keratinocytes that occurs with arsenite treatment.
To this end, cultured human epidermal keratinocytes were retrovirally infected with
either a dominant negative β-catenin previously demonstrated to reduce proliferative potential or a vector control. Cells were treated at confluence with 2 µM arsenite for 3 days. Proliferative capacity was then measured as the fraction of rapidly
versus slowly adhering cells that yielded colonies. Arsenite treated cultures infected
with the vector alone (control) had more rapidly adhering cells compared to untreated cultures, indicative of a higher proliferative potential. In contrast, cells infected with a dominant negative β-catenin, which prevents its nuclear stabilization,
reversed the fraction of rapidly adhering cells to that of untreated cultures. Second,
addition of a soluble Wnt/β-catenin antagonist, dickkopf 1 (DKK), prevented arsenite from maintaining the level of rapidly adhering cells. Based on these results,
β-catenin appears to be central in the response of cultured keratinocytes to arsenite
treatment, as preventing stabilization of β-catenin reverses the elevated germinative
capacity of arsenite treated keratinocytes. Further, arsenite appears to disrupt signaling upstream of the Wnt cascade, since DKK, an inhibitor of the Wnt co-receptor LRP, yields the same results as direct inhibition of β-catenin.
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CARCINOGENIC CR(VI) AND THE NUTRITIONAL
SUPPLEMENT CR(III) INDUCE DNA DELETIONS IN
YEAST AND MICE

Z. Sobol, R. Reliene and R. H. Schiestl. Pathology, David Geffen School of
Medicine at UCLA, Los Angles, CA.
The high levels of Cr(VI) contamination in drinking water across the country has
led to concerns as to whether or not Cr(VI) ingestion from drinking water can lead
to cancer. An argument against the role of Cr(VI) as an oral carcinogen is that it is
reduced to Cr(III) in biological systems. Cr(III) is a popular nutritional supple-

ment. In order to establish effective regulatory measures that protect the general
public, the potential of Cr(VI) and Cr(III) to cause cancer via ingestion must be examined. There exists a large body of evidence, which confirms that chromosomal
rearrangements such as DNA deletions are an important intermediate step in carcinogenesis. In this study, two systems screening for DNA deletions were used to
compare the ability of Cr(VI) and Cr(III) to induce chromosomal rearrangements
in the yeast S. cerevisiae and in vivo in the C57BL/6J pun/un mice. The mice were
exposed to Cr(VI) and Cr(III) via drinking water during gestation and 70 kb DNA
deletions at the pink-eyed unstable (pun) allele were determined in the resulting
offspring.. Induction of DNA deletion in yeast was measured by growth on selective media. Both Cr(VI) and Cr(III) significantly induced DNA deletions in mice
and yeast as compared to the spontaneous level of deletions. This result is particularly striking because the ability of either Cr(VI) or Cr(III) to cause DNA deletions,
which are directly pertinent to cancer formation, has not been shown before in an
in vivo system. Quantification of intracellular concentrations of Cr after exposure
of yeast cells to either Cr(III) or Cr(VI) revealed that Cr(III) is more genotoxic than
Cr(VI) once it is inside the cell. The quantification of tissue Cr concentration in
mice confirms this trend. Therefore, this study concludes that both, the environmental contaminant Cr(VI) and the nutritional supplement Cr(III), when ingested
via drinking water, lead to a genotoxic endpoint which is an intermediate in the
process of carcinogenesis.
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A CRUCIAL ROLE OF NRF2 IN IN VIVO DEFENSE
SYSTEM AGAINST AN ENVIRONMENTAL POLLUTANT,
PENTACHLOROPHENOL EXPOSURE

Y. Kuroiwa1, T. Umemura1, Y. Kitamura1, Y. Ishii1, 3, K. Kanki1, Y. Kodama2,
K. Itoh4, M. Yamamoto4, A. Nishikawa1 and M. Hirose1. 1Divison of Pathology,
National Institute of Health Sciences, Tokyo, Japan, 2Divison of Toxicology, National
Institute of Health Sciences, Tokyo, Japan, 3Pharmaceutical Science, Hoshi University,
Tokyo, Japan and 4Center for TARA, University of Tsukuba, Tsukuba, Japan.
Sponsor: M. Ema.
Pentachlorophenol (PCP), an environmental pollutant and a hepatocarciongen of
mice, has a potential for producing oxidative stress through its quinone formation.
Recently, Nrf2, a transcriptional factor regulating induction of phase 2 and antioxidant enzymes with antioxidant responsive elements, has been paid attention in
terms of its critical role for in vivo defense against oxidative stress. In order to clarify the role of Nrf2-related defensive system, we examined oxidative stress and cell
proliferation along with metabolizing enzymes in nrf2-deficient mice treated with
PCP. Male nrf2-deficient (+/+, +/- and -/-) mice, 7 weeks old, were given PCP at
doses of 0, 300, 600 (carcinogenic dose) and 1200 ppm in diet for 4 weeks. Relative
liver weights increased in a dose-dependent manner in +/+ and +/- mice, not in -/mice, which was in line with the histopathological features showing centrilobular
hepatocyte hypertrophy. 8-Hydroxy-2’-deoxyguanosine (8-OHdG) levels in the
liver DNA were significantly increased in -/- mice treated with PCP at 1200 ppm
together with the increase in levels of thiobarbituric-acid reactive substances
(TBARS). Although hepatocyte proliferation as indicated by BrdU-LIs was increased dose-dependently in all genotypes, their rank order being -/- > +/- > +/+ at
any doses. CYP1A2 activities were increased in association with the PCP treatment
in all genotype, however, the activity or protein level of phase II enzymes regulated
by Nrf2 (NQO1 and UDP-GT) were not affected in -/- mice. The present results
reveal higher susceptibility of the -/- mice to PCP-induced oxidative stress than that
at the +/+ mice and no induction of phase II enzymes in the liver of -/- mice, suggesting a possible role of Nrf2-regulating antioxidative responses in the prevention
against oxidative stress due to PCP.

979

DYNAMIC MUTATIONAL FINGERPRINT OF
ACQUIRED DAMAGE IN CANCERS FROM SUBJECTS
EXPOSED TO TRICHLOROETHYLENE

S. D. Finkelstein, P. A. Swalsky and M. M. Wilson. RedPath Integrated Pathology,
Pittsburgh, PA. Sponsor: G. Perdew.
BACKGROUND: The carcinogenicity of trichloroethylene (TC) has been subject
to debate. Published reports have suggested unique patterns of mutational damage
involving tumor suppressor genes such as the von-Hippel Lindau gene (VHL).
Using a cohort of 5 cancer subjects with TC exposure, we utilized a novel microdissection based genotyping approach to define the profile and temporal sequence of
gene mutation acquisition in different human cancers. We hypothesized that there
exists a unique profile and temporal sequence of mutational damage in human cancers affecting genes situated on 3p that causally supports TC carcinogenecity.
DESIGN: Archival fixative treated tissues from 5 cancer subjects (2 with renal cell
cancer, 1 with colon cancer, 1 with urinary bladder cancer and 1 with lung squamous cell cancer) were microdissected at multiple microscopic sites (4-8/case) of
greatest cellular anaplasia and spread. Each microdissected sample was quantitatively assessed for mutational change using a broad panel of markers by means of
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PCR/fluorescent capillary electrophoresis. Markers targeted distal 3p including
VHL, topoisomerase 2B (TOP2B) and retinoic acid receptor beta (RARB) using
microsatellite and single nucleotide polymorphisms (SNP) and DNA sequencing.
Common patterns of mutational change were sought.
RESULTS: The VHL region at 3p25.3 showed point mutation and/or genomic
deletion in 4/5 subjects (80%) in keeping with that described in TC exposure.
However, 5/5 subjects (100%) manifested deletion at 3p24.2. 3p24.3 deletion temporally preceded VHL damage in all cases. TOP2B and/or RARB deletion at
3p24.3 was found in all subjects as the first detectable mutation.
CONCLUSIONS: The prevailing view, proposed by some, that TC carcinogenicity may operate through VHL point mutation should be expanded to include other
gene targets on 3p such as TOP2B and RARB. Microdissection genotyping using
3p markers may detect and characterize TC carcinogenicity and distinguish cancer
caused by that agent versus sporadic cancer formation.
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THE ROLE OF THE AHR IN BENZENE-INITIATED
TOXICITY: BENZENE, HYDROQUINONE AND
BENZOQUINONE DO NOT INDUCE DRE
ACTIVATION OR CYP1A1 EXPRESSION

H. Badham1 and L. M. Winn1, 2. 1Pharmacology and Toxicology, Queen’s University,
Kingston, ON, Canada and 2School of Environmental Studies, Queen’s University,
Kingston, ON, Canada.
Benzene is a leukemogen found in agents such as cigarette smoke, industrial solvents, and gasoline. Chronic occupational exposure to benzene has been correlated
with aplastic anemia and acute myelogenous leukemia. Recently, it has been shown
that workers exposed to levels of benzene considered safe under occupational health
and safety guidelines (<1 ppm 8 hr/day, 40 hr/week) have altered white blood cell
counts. Many studies suggest that hydroquinone (HQ) and benzoquinone (BQ)
are the most toxic metabolites involved in the development of benzene toxicity.
Activation of the aryl hydrocarbon receptor (AhR) by environmental toxicants has
been associated with carcinogenesis. In addition, AhR activation leads to upregulation of cytochrome P450 1A1 (CYP1A1) through enhancement of dioxin responsive elements (DREs). Interestingly, benzene-initiated hematotoxicity is absent in
mice lacking the AhR suggesting an imperative role for this receptor in benzene
toxicities. Using mouse hepa1c1c7 cells we investigated the role of this receptor in
benzene initiated-toxicity by evaluating the ability of benzene, HQ and BQ to activate the AhR and induce CYP1A1 expression. Dual luciferase assays using the
pGudLuc1.1 plasmid in hepa1c1c7 cells showed no significant change in DRE activation after exposure to concentrations up to 100µM (non-toxic concentrations)
of benzene, HQ or BQ for 24 hours. Western blot analysis of cells exposed to benzene, HQ or BQ at concentrations up to 100µM for 1 and 24 hours did not
demonstrate induction of CYP1A1 protein expression. These results indicate that
the involvement of the AhR in benzene toxicity does not seem to be through classical activation of this receptor by benzene, HQ or BQ. Support: CIHR
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GENETIC DAMAGE FROM THE BENZENE
METABOLITE HYDROQUINONE IN HUMAN BLOOD
STEM AND PROGENITOR CELLS

L. Zhang, W. Guo, L. Li, X. Zhao and M. T. Smith. School of Public Health,
University of California, Berkeley, CA.
Benzene is an established cause of leukemia and other diseases of the bone marrow.
Recently, we reported that hematotoxicity (decreased counts of nearly all mature
blood cell types) occurred among workers exposed to relative low levels of benzene,
which probably resulted from toxicity to the hematopoietic stem and progenitor
cells located in the blood and bone marrow (Science, 306:1774, 2004). To explore
the possible mechanisms involved in hematotoxicity induced by benzene, we applied the comet assay and FISH (fluorescence in situ hybridization) to detect DNA
and chromosome damage from hydroquinone (HQ), a major metabolite of benzene, in blood progenitor cells. Human peripheral blood mononuclear cells
(PBMC) were isolated and treated with HQ (0, 25, 50 and 100 µM). The PBMC
contain a fraction of hematopoietic stem and progenitor cells that are circulating in
the blood and were cultured in growth factor-enriched methylcellulose-media. HQ
significantly induced DNA breakage as measured by comet in a dose-dependent
manner in both BFU-E and CFU-GM progenitor cell colonies. Structural chromosome aberrations, especially breaks in chromosome groups B, C and G, were also
doubled in progenitor cell colonies following treatment with HQ. Aneuploidy of
chromosomes 7 and 8 (both loss and gain of the chromosome) was increased in a
dose-dependent manner. This supports our earlier findings of the genotoxic effects
of HQ in CD34+ progenitor cells from cord blood (Carcinogenesis 21(8):1485,
2000) and suggests that HQ-induced genetic damage in stem and progenitor cells
is a key event in benzene toxicity and leukemia. Supported by NIH grant P42
ES04705.
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SUBCHRONIC URINARY BLADDER EFFECTS OF
MURAGLITAZAR IN MALE RATS

T. Van Vleet1, R. White1, T. Sanderson1, C. R. Waites1, B. Schilling1, J.
Mitroka2, M. Cano3, L. Arnold3, S. Cohen3 and M. Dominick1. 1Drug Safety
Evaluation, Bristol-Myers Squibb, Evansville, IN, 2Nonclinical Pharmacokinetics,
Bristol-Myers Squibb, Princeton, NJ and 3Department of Pathology and Microbiology,
University of Nebraska Medical Center, Omaha, NE.
Muraglitazar, a PPARα,γ dual agonist being developed for the treatment of type II
diabetes, was dosed orally to rats once daily for 3 months to evaluate urine compositional and urothelial changes associated with urinary bladder tumorigenesis in
male rats. Groups of 17 young or aged rats/sex were fed a normal or 1% NH4Clacidied diet and were given doses of 0, 1 (nontumorigenic), or 50 (tumorigenic)
mg/kg muraglitazar. Urine lithogenic ions and sediment were profiled from freshly
voided urine samples collected 24 h after dosing, and plasma and urine drug levels
were measured. Urinary citrate, oxalate, and EGF were assayed from 18-h urine collections. The urinary bladder urothelium was assessed by light microscopy, scanning electron microscopy, and BrdU and TUNEL immunohistochemistry. Urine
soluble calcium, phosphorus, and citrate were decreased and urine oxalate was increased in young male rats given 50 mg/kg/day. No correlative changes in urine sediment were detected 24 h after dosing. In young male rats on normal diet, urinary
compositional changes were accompanied by multifocal urothelial necrosis and
proliferation, but there was no effect on urothelial apoptosis. There were no effects
on EGF levels, and urine drug levels did not correlate with the rate of proliferation.
Dietary acidification, which markedly inhibits formation of calcium and magnesium salts by lowering urine pH, prevented urothelial necrosis and proliferation
without decreasing urinary muraglitazar levels. These data suggest that muraglitazar-associated changes in urine composition predispose to urothelial cytotoxicity
and proliferation in the urinary bladder of young male rats. Moreover, these results
indicate that urine sediment must be profiled at multiple daily timepoints and intervals to fully document diurnal and time-dependent variations in drug-induced
changes in urine composition.
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A BIOLOGICALLY PLAUSIBLE MODE OF ACTION FOR
FORMALDEHYDE-INDUCED
LYMPHOHEMATOPOIETIC MALIGNANCIES

D. DeVoney, J. J. Vandenberg and J. E. Whalan. NCEA, USEPA, Washington,
DC.
U.S. EPA’s Integrated Risk Information System (IRIS) Program is currently assessing the health effects of formaldehyde (FA) exposure in the course of developing a
quantitative cancer risk assessment. Epidemiological studies, and some animal
bioassays, indicate that increased lymphohematopoietic (LHP) malignancies are associated with FA exposure. While cancer of the epithelial tissues of the upper respiratory tract is a well documented response to FA exposure, the plausibility of FA-induced LHP malignancies has been questioned since as a reactive chemical, FA may
not distribute to the bone marrow compartment. A biologically plausible mode of
action (MOA) is proposed for FA-induced LHP malignancies based on the framework provided in the current U.S. EPA Guidelines for Carcinogen Risk
Assessment. FA-induced mutation, in conjunction with proliferation of immune
cells, are the key components for the proposed MOA. Study of the structure and
function of nasal associated lymph tissue (NALT) reveals that immune cells vulnerable to neoplastic transformation are present and would likely be targets of FA’s mutagenic effects (e.g. intraepithelial lymphocytes, and germinal center cells). Human
studies indicate modest increases in micronuclei and sister chromatid exchanges in
peripheral lymphocytes due to FA exposure. The function of immune structures
and aggregates of cells in the NALT includes clonal expansion in response to antigen, making these cells particularly vulnerable to transformation. Current understanding of the etiology of many LHP malignancies includes transformation of cells
outside of the bone marrow compartment making FA’s effects at the portal of entry
relevant to an observed increase in LHP malignancies with FA exposure. The proposed MOA may provide biological plausibility to the observation of increased
LHP malignancies in formaldehyde-exposed humans. (The views expressed in this
abstract are those of the authors and do not necessarily reflect the views or policies
of the U.S. Environmental Protection Agency.)
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THE MOUSE GENOME INFORMATICS DATABASE:
APPLICATIONS FOR TOXICOLOGISTS

S. M. Bello, C. L. Smith, H. Dene, D. L. Burkart, L. L. Washburn, I. Lu, M.
Tomczuk, A. Anagnostopoulos, B. Richards-Smith, M. Cassell, H. Onda and J.
T. Eppig. Mouse Genome Informatics, The Jackson Laboratory, Bar Harbor, ME.
Sponsor: M. Hahn.
The Mouse Genome Informatics Database (MGI, http://www.informatics.jax.org)
is an international resource for the genetics, genomics, and biology of the laboratory mouse. MGI catalogs and annotates descriptions of mouse mutant phenotypes

and relationships of genes and gene products to molecular function, biological
process, and cellular component using controlled vocabularies. These annotations
are integrated with other biological data in MGI allowing users to search, compare,
and analyze data that are not effectively retrieved through text searches. To access
these integrated resources, database query forms are structured to allow complex
queries that can simultaneously include parameters for phenotype, expression, biochemical function, subcellular location, sequence, and genome location. Complex
queries can be posed to identify candidate genes using select features of the chemically-induced phenotype and/or gene expression profile. For example one can ask
“Which genes have mutations that cause abnormal vascular development and hemorrhaging and have gene products expressed in the heart between E6.5 and E13?”
MGI may also be used to aid in the interpretation of microarray results. For example, one can enter a short list of genes and compare the phenotypes of targeted
knockout alleles to identify commonalities within the list, or the phenotypes of alleles from a list of genes may be compared to the phenotype induced by a compound of interest to select the best candidate genes. In addition our mouse GO annotations can be used with freely available analysis tools to determine what a group
of differentially expressed genes from a microarray experiment have in common.
The vocabulary-based annotations will assist in robust and accurate data mining
when posing such complex questions in both computational and individual formats at MGI. The Mouse Genome Database (MGD) at MGI is supported by
NIH/NHGRI grant HG00330.
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DATA VISUALIZATION METHODS FOR COMPARATIVE
TOXICOGENOMICS

S. Hung1, 2, L. D. Burgoon1, 2, 3, J. Kwekel1, 2, 3, D. R. Boverhof1, 2, 3, E. Dere1, 2,
3
, C. J. Fong1, 2, 3, W. Lang1, 2 and T. Zacharewski1, 2, 3. 1Biochemistry & Molecular
Biology, Michigan State University, East Lansing, MI, 2National Food Safety &
Toxicology Center, Michigan State University, East Lansing, MI and 3Center for
Integrative Toxicology, Michigan State University, East Lansing, MI.
Toxicogenomics produces large, multivariate datasets that require specialized visualization methods for knowledge acquisition. Current approaches include unsupervised (e.g., hierarchical clustering, principal components analysis) and supervised
pattern recognition techniques (e.g., support vector machines, and regression
methods). However, these algorithms are not designed for the unique challenges
posed by comparative toxicogenomic studies. The Toxicogenomics Correlation
Tool (TCT) has been developed to enhance comparative toxicogenomic data exploration, and complement existing methods, such as coinertia analysis (CIA). The
TCT compares the expression, or activity, of paired ontological entities (e.g., orthologous genes, metabolites, proteins) from two different experimental populations. The TCT calculates four indices and uses them to plot the ontological pairs,
and provides an assessment of their similarities and differences. CIA complements
TCT by identifying correlations between different kinds of data obtained from the
same or similar entities. For example, histopathology and clinical chemistry data
from the same animals can be compared directly, to identify histopathological outcomes that correlate with clinical chemistry parameters. This approach provides the
ability to identify and quantify the similarities and differences in exposure response
between orthologous genes, clinical pathology or metabolite levels across species.
These technologies have been used to identify species conserved and species specific
hepatic and uterine responses to TCDD and ethynyl estadiol, facilitating comparative mechanistic elucidation through the mapping of histopathology data to toxicogenomic biomarkers of toxicity. Support provided by NIH grants R01 ES11271
and R01 ES12245.
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MICROARRAY DATABASES: DATA FORMATS, STORAGE,
ORGANIZATION AND ANALYSIS. FIRST EXPERIENCE
WITH ARRAYTRACK

D. Soelle and J. Borlak. Fraunhofer Institut of Toxicology and Experimental
Medicine, Hannover, Germany.
An assessment of drug and chemical safety requires a broad and interdisciplinary research program, which implies the use of numerous methods, some of them being
highly complex. Enabling technologies thus lead to new founded knowledge in genomic science but turning data into knowledge will be a major challenge. For instance, a single microarray may produce more than 700000 data points. Multiple
dose, tissue and time points are usually considered in a toxicology studies therefore
resulting in millions and billions of data points.
For toxicology analysis these data should analyzed together and compared under
varying research hypotheses. Therefore the Software ArrayTrack is introduced (a
new and free available Database, designed from the FDA and NCTR especially for
analysis of microarray data in Toxicology). Different data formats needs to be integrated and prepared for uploading into the database for further interrogations. First

experiences in handling of more than 1500 microarray experiments in the database
ArrayTrack are being presented and exemplified in a case study, where results from
an Affymetrix microarray experiment are compared with analysis tools by
ArrayTrack. The results of both data analysis are compared and differences are highlighted. Furthermore a standard operating procedure for uploading and processing
has been worked out to secure high quality standards for microarray data analysis.
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MOTIF TECHNOLOGY AND APPLICATIONS IN
UNDERSTANDING THE MECHANISM OF DRUG
TOXICITY AND ACTION

A. Vladimirova, J. Yang, M. Lee, S. Dunlea, B. Eynon, M. Ghosh, J. Calvin,
S. Tugendreich, R. Brennan, M. Fielden, B. Ganter, K. Kolaja, G. Natsoulis,
C. Pearson, A. Tolley and A. Roter. Iconix Pharmaceuticals, Mountain View, CA.
Iconix Pharmaceuticals has developed a large-scale chemogenomics database,
DrugMatrix, containing gene expression data from over 630 compounds administered to rats, along with their associated clinical pathology, histopathology and in
vitro pharmacology screening data. Using gene expression data, we have mined a
comprehensive library of Drug Signatures for the prediction of pathology, pharmacology and mechanism of action. To understand the molecular basis of these predictions, we have developed Motif technology. Using our SPLP classification algorithm, pathology, pharmacology and mechanism of action endpoints can be
predicted on the basis of pathway information. By analogy, Drug Signatures are derived utilizing all informative genes on the microarray, while Motifs utilize only
genes in a certain signaling pathway. In doing so, the unique state of multiple pathways can be now statistically linked to phenotypic endpoints, thus adding both
classification and mechanistic understanding to predictions. Iconix has developed
over 1000 validated Motifs in 5 different tissues, representing over 100 biological
pathways. A study of Aflatoxin B1, a genotoxic hepatocarcinogen, illustrates the
value of Motifs. Liver tissue from rats treated with 0.2 mg/kg/day of Aflatoxin B1
for 5 days was profiled, and the Drug Signatures and Motifs were applied to the
gene expression data. Aflatoxin B1 treatment was predicted to match several Drug
Signatures, including the Genotoxic Hepatocarcinogen signature. Motifs indicate
that the hepatocarcinogenicity prediction can be explained by component pathways
related to the DNA damage and apoptosis pathways, oxidative stress, IL-6 and p53
signaling. Unlike other pathway analysis tools, the state of a pathway can now be
linked to different phenotypic endpoints, thereby providing both classification and
mechanistic understanding to microarray expression data.
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ENHANCEMENT OF CANINE TOXICOGENOMICBASED MICROARRAY DATA ANALYSIS BY
AUGMENTING GENOMIC ANNOTATION

Q. Liu2, P. Yue2, J. Campbell2, A. Shlionska2 and L. Mertz2. 1Toxicogenomics,
Gene Logic Inc., Gaithersburg, MD and 2Research and Development, Gene Logic Inc.,
Gaithersburg, MD. Sponsor: W. Mattes.
The canine is an important species in toxicology; not only as a non-rodent model,
but also being genetically closer to humans than rodents. However, the lack of canine genome annotation for protein function and biological pathway compromises
the robust interpretation of gene expression datasets. Cross-species comparison of
toxicogenomic response, which has the advantage to uncover both common and
species-specific gene expression responses, is also hampered by the limited homology information between canine and other species in public databases. To facilitate
canine toxicogenomic analysis, especially gene-expression based mechanisms of toxicity, we have developed an automatic process to enhance the annotation of probe
sets arrayed on the Affymetrix GeneChip® Canine Genome Array and the Gene
Logic proprietary Canine Array, glTOX-CF1. The enhanced annotation is based on
de novo cross-species homology between Canine, Human, Rat, Mouse, and Bovine
nucleotide sequences and what is available at HomoloGene from NCBI. When
using GenBank release 148.0 on June 15, 2005, we are able to generate 13% and
15% additional annotations for probe sets on the two microarrays, respectively. The
total percentage of annotated probe sets is 57% and 64 %, respectively. Because
pathway information is particularly useful in investigating the mechanisms underlying toxic response, we mapped canine genes to 621 pathways from the BioCarta®
and KEGG databases using the ortholog mapping between canine and human. 609
pathways are represented on both microarrays. The enriched cross-species ortholog
clusters also enables the conversion between probe sets on human, canine, rat, and
mouse GeneChip® microarrays, which allows reliable extrapolation of crossspecies toxicity by comparing gene expression profiles of ortholog genes from the
different organisms. Taken together, our enhanced canine annotation has enabled
us to perform more robust canine toxicogenomic and cross-species gene expression
analysis.
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TOXICOGENOMICS COMPARISON OF THE SPECIES
DIFFERENCE OF PPARALPHA LIGAND

A. Ono1, T. Urusidani1, T. Miyagishima1 and T. Nagao2. 1National INST.. of
Biomedical Innovation, Osaka, Japan and 2National INST.. of Health Sciences,
Tokyo, Japan. Sponsor: T. Inoue.
Toxicogenomics has been shown to be useful for identifying mechanisms of toxicity
and biological response, and expected to provide scientific information for extrapolation of toxicity from experimental animals to humans. Marked species differences
in response to peroxisome proliferator-activated receptor-alpha (PPARalpha) agonists illustrate complication of the extrapolation of pre-clinical data to humans. In
this study, human and rat primary hepatocytes were exposed to three fibrates (clofibrate, WY-14643 and gemfibrozil) and the transcriptional profiles were compared
using Affymetrix GeneChips(R). Statistical analysis of the pooled treated and control samples enabled identification of up- or down-regulated probes in common
with the three fibrates in each species. Although only less than 10 percent of them
were common between rat and human in ortholog basis, many peroxisomal and
mitochondrial genes were up-regulated and genes relating to fatty acid and lipid
metabolism and mitochondrial oxidative phosphorylation were found to be up-regulated in both species. This suggests that the human hepatocyte responds to
PPARalpha agonists in the similar manner as rat in respect to their major pharmacological activity. The number and magnitude (fold of control) of changed genes
were more marked in rat than in human. Further, principal component analysis
and discriminating analysis showed that in particular WY-14643 was more potent
in rat compared to human. Genes related to cell cycle and cell proliferation were
suppressed in both species. The observed differences in the regulations of genes involved in apoptosis and mitosis suggested a differential response in cell regulations
accompanied with the direct effects of PPARalpha ligands. These results demonstrate that gene expression profiling is a powerful tool to analyze the similarity and
dissimilarity of biological responses across species.
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GENOME REANALYSIS OF ARYL HYDROCARBON
RECEPTOR BATTERY GENES: RECONCILIATION OF
CURRENT AND PAST REGULATORY REGION
ANNOTATIONS

L. D. Burgoon1, 2, 3 and T. Zacharewski1, 2, 3. 1Biochemistry & Molecular Biology,
Michigan State University, East Lansing, MI, 2National Food Safety & Toxicology
Center, Michigan State University, East Lansing, MI and 3Center for Integrative
Toxicology, Michigan State University, East Lansing, MI.
The aryl hydrocarbon receptor (AhR) gene battery is a list of known AhR primary
response genes that includes phase 1 and phase 2 metabolism mouse and rat genes.
Computational expansion of the battery requires the analysis of completed genome
sequences to identify features that correlate with the known members. Building
these models requires reconciliation of reported promoter gene battery sequence information against their annotated genome sequences provided in the University of
California Santa Cruz (UCSC) Genome Databases. To that end, the location and
sequence of dioxin response elements (DREs) reported in the published literature
for Cyp1a1, Cyp1A2, Cyp1b1, Aldh3a1, Nqo1, Sod1, Gsta1, and Ugt1a1 for
human (hg17), mouse (build 34) and rat (assembly v3.4), were mapped against
completed genome sequence data. Although, the promoter structures reported in
the literature were in general agreement with completed genone sequence information, there were also some egregious errors. For example, there was good agreement
between Cyp1b1, Gsta1, Cyp1a1, Nqo1, and Sod1. However, the literature reports
for mouse Cyp1a1 and rat Aldh3a1 and Ugt1a1 failed to correspond to the information reported at UCSC due to discordance in transcription start site locations,
differences in gene annotation due to changes in nomenclature standardizations
following publication, and sequencing errors in either the original publication or
the genome sequence. Thus, reconciliation of the current body of knowledge
against the genome sequence is necessary to ensure appropriate findings, to identify
where further characterization of gene structure is necessary, and to assess the conservation of the human mouse and rat AhR batteries. Supported by NIH grants
R01 ES12245.
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THE ABCC GRID PROMOTER TFSITE COMPARISON
PAGE TO FIND SHARED REGULATORY ELEMENTS
FOR CO-REGULATED GENES IN TOXICOLOGY

G. Patton2, 1, I. A. Sidorov2, D. S. Dimitrov2, X. Xiao2, R. H. Shoemaker2, G.
Tudor1, D. Covell2 and R. M. Stephens3. 1ORD/NCEA/IRIS, USEPA,
Washington, DC, 2National Cancer Institute - Frederick, Frederick, MD and 3SAIC,
Frederick, MD.
In previous work at the National Cancer Institute, Frederick, MD, the authors developed and produced an Internet-based tool that allows alignment of putative
transcriptional regulatory regions for lists of genes such as those resulting from gene
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expression microarray experiments. Toxicological studies and similar experimental
paradigms often yield lists of genes potentially co-regulated as based on their coordinate expression changes in response to the treatments. This poster describes the
ABCC GRID Promoter TFSite Comparison Page. The authors used three examples, two based on research results from literature and one on an experiment they
conducted for this study, to demonstrate that new hypotheses and research directions can be proposed by identification of potential transcription factor binding
sites shared among a group of genes, the service the web page provides. Specific application of the webtool to toxicology in dose-response gene expression studies and
similar treatment-response experimental paradigms is discussed, including limitations of the application. The views expressed in this poster are those of the authors
and may not necessarily reflect the views or policies of the U. S. Environmental
Protection Agency or the National Cancer Institute.
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DIFFERENTIAL GENE EXPRESSION IN HEPATOCYTE
SUBPOPULATIONS SORTED FROM
ACETAMINOPHEN-TREATED MICE
C. White, M. Dabrowski, C. Fernandez, D. Botta, R. Beyer, T. Bammler and
T. Kavanagh. Environmental and Occupational Health Sciences, University of
Washington, Seattle, WA.
Acetaminophen overdose is associated with acute liver injury characterized by centrilobular necrosis. This is thought to occur because APAP is activated to a reactive
intermediate by cytochrome P450 enzymes present in centrilobular hepatocytes. In
order to determine whether the sensitivity of detecting gene expression changes is
enhanced by examining specific cell types with an organ, we used fluorescence activated cell sorting to isolate different hepatocyte subpopulations from the liver of
APAP treated mice. Fasted mice were treated with APAP (300 mg/kg BW) or saline
and 6 hr later, viable hepatocytes were isolated via collagenase perfusion. Isolated
hepatocytes were then stained with Bodipy FL C11 (C11 lipid stain) and propidium iodide (to exclude dead cells), and live cells were sorted into subpopulations of
high C11 staining (lipid containing/steatotic cells) and low C11 staining cells. Total
RNA was then extracted and subjected to DNA microarray analysis using the
Affymetrix platform. C11 low and high staining hepatocytes were similar in their
gene expression profiles in saline treated mice. APAP treatment caused an increase
in the numbers of C11 high hepatocytes possibly indicating steatosis. Additionally,
C11 low and high hepatocytes displayed population specific changes in gene expression after APAP treatment. The changes in gene expression that were unique to
these populations were greater than changes in common. These data support the
hypothesis that there are unique gene expression changes in subpopulations of hepatocytes and underscore the need to consider such differences when interpreting
gene expression profiles at the whole organ level. Supported by NIH grants
U19ES11378, P42ES04696, R01ES10849 and P30ES07033.
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GENOMIC EFFECTS OF DIET RESTRICTION AND
DRUG-INDUCED HEPATOTOXICITY IN MALE RAT
LIVER
S. Burel1, M. Fielden2, A. Fan1, R. Lum1, K. Gungon1, P. Cauntay1, M.
Weigele1 and A. Sacaan1. 1Preclinical, Neurocrine Biosciences, San Diego, CA and
2
Iconix Pharmaceuticals, Mountain View, CA.
Novel anti-obesity drugs induce weight loss, however this effect can be confounded
by weight loss due to hepatotoxicity. Separating the effects of weight loss due to exaggerated pharmacology from hepatotoxicity is difficult when such drugs induce
both phenotypes. In this study, feed intake was limited for 2 weeks to simulate the
effect of exaggerated pharmacology in the absence of toxicity. Gene profiling was
performed on livers using Affymetrix RAE230 chips. The data were compared to
Iconix’s chemogenomic database (DrugMatrix®).
Groups of 5 rats were fed ad libitum or given 75%, 50%, or 25% of the amount of
feed eaten by controls for 1, 5 or 15 days. The 75% group gained weight at a slower
rate than controls (final body weights 82% of controls). The 50% group did not
gain weight during the study (63% of control). The 25% group lost weight
throughout the study (47% of control). Histology findings in the liver were minimal and not considered adverse. Diet restriction (DR) caused a profound change in
the liver transcriptome, including adaptive changes on PGC-1 signaling and the induction of gluconeogenesis. Fatty acid oxidation was also induced to satisfy fuel energy needs. To assess if drug-induced weight loss is due to inappetence or hepatotoxicity, a distinction score was used to identify gene expression changes that best
distinguished these two classes. The genes were validated against independent experiments and found to classify independent DR experiments from those causing
weight loss due to hepatotoxicity. Consistent with an adaptive response, PPARa and
PGC-1 were induced by DR experiments, but not by treatments that induce weight
loss due to hepatotoxicity. Hepatotoxicants were also found to induce P450 genes,
and Nrf-2 and ELF2-mediated stress response pathways, while DR experiments did
not. These results suggest that weight loss due to inappetence induces a profound
adaptive regulatory program in the liver that is distinct from that induced by treatments that induce weight loss due to hepatotoxicity.
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PATHWAY ANALYSIS AND COMPARISON OF TWO IN
VITRO MICROARRAY STUDIES OF VASCULITIS
INDUCING COMPOUNDS USING HUMAN AND RAT
ENDOTHELIAL CELLS

B. lu1, B. Enerson1, Y. Zhou2, G. Floyd1 and M. Lawton1. 1Safety Sciences, Pfizer,
Groton, CT and 2Safety Sciences, Pfizer Inc., Nagoya, Japan.
Events that initiate the drug-induced vascular injury observed in some pre-clinical
safety studies are poorly understood. Endothelial cell (EC) cultures are a good
model for in vitro pharmaco-toxicological studies to test compounds for ability to
directly damage the endothelium or induce expression changes in EC that could
promote damage to other vascular cell types. Additionally, in vitro studies allow
comparison of responses across species and across vascular bed of origin. In two experiments designed to explore the molecular effects of vasculitis-inducing compounds, primary human umbilical cord vein endothelial cells (HUVEC) and rat
EC from the lung microvasculature and aorta were treated at pharmacologic and
toxicologic concentrations with Fenoldopam, SK&F 94836 and a Pfizer compound X that induces hepatic vasculitis in rats. HG-U133 or RAE230 GeneChips
were used to profile gene expression in EC harvested at 6 or 24 hours after treatment. Differentially expressed genes were identified by statistical analysis and
queried using Ingenuity Pathway Analysis software, which has a literature-based
knowledge database for network classification. Through pathway analysis, we identified toxicologically significant responses such as apoptosis and differentiated other
effects probably related to compound pharmacology from those that are likely tied
with toxicity. Pathway analysis also enabled comparison of human and rat endothelial cell responses at the level of functional networks, not just through comparison
of genes linked traditionally through homologous mapping. The ability to recreate
modulated gene networks from the in vitro microarray data aided systematic dissection of the cellular events triggered in the endothelium by vasculitis-inducing
compounds and advanced our understanding of this poorly understood toxicity.
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INVESTIGATION OF THE MOLECULAR MECHANISM
OF HEPATOTOXICITY OF A G-PROTEIN COUPLED
RECEPTOR ANTAGONIST USING TOXICOGENOMICS

A. Roberts. Toxicology, Sanofi-Aventis Pharmaceuticals, Malvern, PA.
Using Toxicogenomics(TGx)approaches,the biological response of rats to a G-protein coupled receptor antagonist with demonstrated hepatobiliary toxicity in preclinical species and human was studied.Compound X was administered to Sprague
Dawley rats by oral gavage at dosages of 0,100 and 500mg/kg/day for 2,7,14,or 28
days. At necropsy,liver samples were taken for histopathology,transcriptomics, proteomics and metabonomics studies.Blood and urine samples were collected for clinical pathology. Gene expression profiles were monitored using Clontech AtlasTM
Rat Tox1.2 arrays and Agilent Rat G4130A 20k arrays. Statistically significant
changes in gene expression were identified by analysis of variance (ANOVA). At
500 mg/kg, bile duct vacuolation (day 7-28) and single-cell necrosis (females only)
were evident, as were increases in plasma glucose (all days) and a-GST (day 28) levels. Early gene expression changes included genes involved in protein degradation,
inflammatory response,xenobiotic metabolism and cell transport. Upregulation of
genes involved in bile acid transport (e.g. NTCP, BSEP, MRP3, MRP2, Slc21a5,
Slc21a4) was observed at all time points. Dysregulation of genes involved in oxidative stress response pathways (e.g. Nqo1, Gclm, Txn, Gclc, GSR) was observed
starting on day 2 (highest response) and at later time points. Genes regulating Phase
I enzymes, glucuronosyltransferase, and glutathione-S-transferase activities were
also up regulated by treatment.The largest changes were observed for CYP3A1: 33fold increase on day 28. Significant down-regulation of genes involved in fatty acid
catabolism, including mitochondrial beta-oxidation,was observed on days 2
through 28.These results indicate that oxidative stress, disturbed bile acid transport, and inhibition of mitochondrial
function are involved in liver cell injury mediated by compound X and demonstrated
the utility of toxicogenomics in the investigation of mechanisms of hepatotoxicity.
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COMPUTATIONAL IDENTIFICATION OF
REGULATORY RESPONSE ELEMENTS IN THE
GENOMIC SEQUENCE OF TCDD-INDUCED COREGULATED HEPA1C1C7 PRIMARY RESPONSE GENES

W. Lang1, 2, L. D. Burgoon1, 2, 3, E. Dere1, 2 and T. Zacharewski1, 2, 3. 1Biochemistry
& Molecular Biology, Michigan State University, East Lansing, MI, 2National Food
Safety & Toxicology Center, Michigan State University, East Lansing, MI and 3Center
for Integrative Toxicology, Michigan State University, East Lansing, MI.
Toxicogenomic studies generate large sets of genes that are responsive to drug, natural product, chemical and environmental contaminant exposure. Clusters of genes
that exhibit similar temporal and dose-response expression profiles may also be co-

regulated. Word (i.e., a short sequence motif that may represent a response element) search algorithms may be able to identify transcription factor binding sites
that mediate co-expression. An empirical Bayes approach to the Wilcoxon ranksum test was used to identify words significantly over- or under-represented in a
cluster of TCDD-induced co-regulated Hepa1c1c7 primary response genes when
compared to a randomly selected list of non-responsive genes. Putative dioxin response elements (DREs), SP1, NF-AT, AP-1, Oct-1, and NF-kB binding sites,
were identified with posterior probability values > 90%. An improved k-means
(IKM) method identified seven major clusters or network grids of genes based on
the occurrence of forty-five over-represented words. The three larger grids represent
several subgrids where both primary and non-responding genes co-occur. This suggests chromatin structure plays a substantial role in determining a gene’s responsiveness to TCDD where the promoter structures are vastly similar. Supported by
NIH R01 ES12245.
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APPLICATION OF LITERATURE MINING TO
TOXICOGENOMICS

J. Polman1, R. Frijters1, S. Verhoeven1, M. Krajnc-Franken2 and V. Proutski1.
1
Molecular Design & Informatics, Organon, Oss, Netherlands and 2Pharmacology,
Organon, Oss, Netherlands. Sponsor: H. Joosten.
Toxicogenomics studies produce vast amounts of data resulting in lists of differentially expressed genes per compound, dose or time point. Gene Ontology, Pathway
Mapping or literature mining are helpful in interpreting results, but current tools
do not reveal the links between genes and pathology/toxicology. To address this
problem a new literature mining tool was developed called CoPub PatholoGene.
This tool detects copublications in MedLine between all annotated human, mouse
and rat genes and a large set of liver pathology terms, but also between genes and
drugs, diseases, pathways and GO biological processes.
Special attention was given to curation of gene names and symbols as these are
sometimes homonyms and result in false positive hits. Homonyms are identified
and abstracts unrelated to genes discarded. A statistical filter only reveals keywords
that are strongly and specifically associated with the selected gene set.
Within seconds liver pathology terms, drugs, diseases, pathways and biological
processes are shown that characterize the selected gene set. Furthermore for every
significant keyword the genes are displayed that are responsible for the alert with
hyperlinks to the relevant abstracts in MedLine.
Using this tool it is easy to get a quick impression of the links between differentially
expressed genes and liver pathology terms, read about it and even find unexpected
relationships. The links between these genes and other categories might also provide insight into the mechanisms of toxicity.
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THE COMPARATIVE TOXICOGENOMICS DATABASE
(CTD)

C. Mattingly1, M. Rosenstein1, A. Davis1, J. Forrest2, 1 and J. Boyer2, 1.
1
Bioinformatics, MDI Biological Laboratory, Salisbury Cove, ME and 2Medicine, Yale
University School of Medicine, New Haven, CT. Sponsor: W. Toscano.
The etiology of most chronic diseases involves interactions between environmental
factors and genes that modulate important physiological processes. Despite the potential health risks posed by many environmental chemicals, understanding of their
molecular mechanisms of action is limited. We are developing the publicly available
Comparative Toxicogenomics Database (CTD; http://ctd.mdibl.org) to promote
understanding of these mechanisms and provide insights into the molecular basis of
differential susceptibility to chemical exposures. CTD presents: 1) scientifically reviewed, integrated information on environmental chemicals, relevant genes, and
their interactions; and 2) curated data sets and visualization capabilities that facilitate cross-species sequence comparisons of these toxicologically important genes
and their proteins. Additional features include: a toxicologically relevant set of references from the published literature; vocabulary browsers for chemicals, organisms
and Gene Ontology that provide direct access to cross-species sequence, gene and
reference data in CTD; a centralized portal to diverse information from many biological databases relevant to toxicogenomics; and access to news stories about chemicals from the popular press. We recently initiated a curation project to capture specific interactions between chemicals and genes (e.g., binds, increases transcription),
which will greatly enhance the complexity and specificity of queries possible in
CTD. We expect to begin integrating these data in CTD within the coming year.
Collectively, the data curation and integration focus of CTD will contribute information that is critical to understanding complex chemical-gene networks and their
impact on human health. This presentation will detail the many valuable features of
CTD and how the toxicology community can contribute to its development
(ctd@mdibl.org).

SOT 2006 ANNUAL MEETING

203

999

REOVIRUS EXPOSURE POTENTIATES
ACETAMINOPHEN HEPATOTOXICITY

C. J. Amuzie1, 2, M. Li2, P. E. Ganey2, 1, R. A. Roth2, 1, C. F. Cuff3 and J. J.
Pestka2, 1. 1Comparative Medicine and Integrative Biology, Michigan State University,
East lansing, MI, 2Center for Integrative Toxicology, Michigan State University, East
lansing, MI and 3Department of Microbiology and Immunology, West Virginia
University, Morgantown, WV.
Acetaminophen (APAP)-induced hepatotoxicity causes half of acute liver failure
cases in the United States, and liver injuries have been reported at near-therapeutic
doses. We hypothesized that modest viral inflammation potentiates APAP-induced
hepatotoxicity at otherwise nontoxic doses. Modest viremia was produced in Balb/c
mice by an intravenous injection of 10^8 plaque forming units (PFUs) of respiratory enteric orphan virus serotype 1, strain Lang (reovirus T1/L). The reovirus L2
gene was detected in spleen and liver by real-time PCR 2 and 6 hours postinfection.
There was a consequent 40-fold increase in TNFα, 100-fold increase in IL-6 and
6000-fold increase of MIP-2 mRNAs in the liver. Neither reovirus nor APAP (450
mg/kg ip) when given alone produced an increase in serum activity of alanine
transaminase (ALT). In reovirus-infected mice, this same dose of APAP caused a
40-fold increase in serum ALT activity, indicative of hepatocellular injury.
Histopathological examination of livers from reovirus/APAP-cotreated mice revealed centrilobular necrosis associated with marked neutrophil accumulation.
These data suggest that a modest, preexisting reovirus infection potentiates hepatocellular injury associated with APAP treatment in mice. (Supported by a MSU
Foundation Strategic Research Grant.)

1000

WHOLE BLOOD CARRIES GENE EXPRESSION
SIGNATURES INDICATIVE OF APAP-INDUCED
TOXICITY

A. N. Heinloth1, J. Parker2, J. Chou1, G. Boorman3, R. Irwin3, M.
Cunningham3, M. Snell3, R. Tennant1 and R. S. Paules1. 1NCT, NIEHS, Research
Triangle Park, NC, 2Constella, Research Triangle Park, NC and 3ETP, NIEHS,
Research Triangle Park, NC.
Assessment of human liver damage after exposure to hepatotoxicants is best
achieved by liver biopsy, a procedure accompanied by a significant amount of risk
for the patient. Blood offers an accessible tissue which is significantly easier to sample for routine diagnoses. Serum enzymes that reflect serious liver damage are routinely used clinically, but no markers for incipient toxicity or exposure before manifestation of liver damage are available. We utilized the model hepatotoxicant
acetaminophen (APAP) to test the hypothesis that blood can serve as a surrogate
organ carrying gene expression signatures reflective of impending liver damage. We
exposed Fisher 344 rats to sub-toxic (150mg/kg) and toxic (1500 and 2500 mg/kg)
doses of APAP, sacrificed the animals 6, 12 or 24 hours after exposure and performed gene expression analysis on blood and liver specimens. Our analysis demonstrates that blood can carry signatures of incipient toxicity after sub-toxic and toxic
exposure to APAP before the manifestation of liver damage measurable with clinical chemistry or histopathology. One example of such a signature contains genes involved in energy demanding pathways like gluconeogenesis and ATP-synthesis –a
potential indication of mitochondrial damage. Also, comparison of blood and liver
gene expression changes resulted in both, gene expression alterations that are conserved between tissues (e.g. genes involved in interleukin-6 signaling) and changes
unique to either tissue (e.g. genes involved in IGF-1 signaling were only in the liver
differentially expressed, while those involved in Leukotriene metabolism only in
blood). In summary, gene expression profiling revealed signatures in blood cells indicative of impending organ damage to the liver and provided new insights into
common and diverse mechanisms of toxicity of APAP exposure in blood and liver.

1001

INDUCTION OF MRP4 AFTER ACETAMINOPHEN
TREATMENT IS INDEPENDENT OF CAR AND PXR
EXPRESSION

L. M. Aleksunes1, W. Huang2, L. M. Augustine3, M. Goedken1, N. J.
Cherrington3, D. D. Moore2 and J. E. Manautou1. 1Department . Pharmacology.
Sciences., University of Connecticut, Storrs, CT, 2Department . Mol. and Cell. Bio.,
Baylor College of Medicine, Houston, TX and 3Department . Pharmacology. and
Toxicology., University of Arizona, Tucson, AZ.
Constitutive androstane receptor (CAR) and pregnane X receptor (PXR) regulate
detoxification and transport genes following chemical treatment and cholestatic
liver disease. Mice deficient in these nuclear receptors exhibit changes in expression
of target genes as well altered susceptibility to acetaminophen (APAP) hepatotoxicity. Toxic doses of APAP significantly induce hepatic expression of the mouse basolateral efflux transporter multidrug resistance protein 4 (Mrp4). The purpose of this
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study was to determine if CAR and PXR participate in the induction of Mrp4 following APAP administration. APAP (400 mg/kg i.p.) was administered to mice
lacking CAR (CAR-/-) or PXR (PXR-/-), double knockouts (DKO), or wild-type
(WT) mice. DKO mice were included in this study due to the documented redundancy of CAR and PXR receptors in the regulation of target gene expression.
Hepatic gene and protein expression of Mrp4, and hepatotoxicity (serum ALT activity and histopathology) were assessed at 24 and 48 hrs. At 24 hrs after APAP, hepatotoxicity was greatest in the DKO mice compared to the WT and PXR-/- mice
which had comparable liver injury. Hepatotoxicity was lowest in CAR-/- mice but
the difference was not significant. By 48 hrs, no differences in liver injury were observed between the genotypes. APAP treatment increased Mrp4 mRNA in WT (5fold), CAR-/- (6-fold), PXR-/- (3-fold), and DKO (4-fold) mice between 24 and
48 hrs. Western blot analysis demonstrated similar induction of Mrp4 protein (3 to
4-fold) in all genotypes 48 hrs after APAP. Up-regulation of Mrp4 occurred predominantly in centrilobular hepatocytes as determined by immunohistochemistry.
In conclusion, alternative pathways independent of CAR and PXR are likely regulating the induction of Mrp4 during APAP liver injury.

1002

HEPARIN ATTENUATES ACETAMINOPHENINDUCED HEPATOTOXICITY IN MICE

T. M. Eagle1, S. W. Newport1, J. F. Maddox1, J. P. Luyendyk2, P. E. Ganey1 and
R. A. Roth1. 1Pharmacology & Toxicology, Michigan State University, East Lansing,
MI and 2Immunology, The Scripps Research Institute, La Jolla, CA.
Acetaminophen (APAP), when taken in amounts larger than the therapeutic dose,
is one of the leading causes of acute liver failure. Case studies in humans have indicated that coagulopathy occurs during APAP hepatotoxicity, suggesting involvement of the hemostatic system. We tested the hypothesis that APAP-induced liver
injury requires coagulation system activation. Fasted C57BL/J6 mice were treated
with either saline or APAP (400 mg/kg, i.p.) and were killed 0.5, 1, 1.5, 2, and 6
hours later. Hepatotoxicity was estimated from increases in alanine aminotransferase (ALT) activity in plasma, and thrombin-antithrombin (TAT) concentration
in plasma was measured as a marker of coagulation system activation. Plasma ALT
activity was increased 2 and 6 hours after APAP administration as was TAT concentration. To explore the role of the coagulation system in APAP-induced liver injury, mice were given saline or the anticoagulant heparin (3000 U/kg, i.p.) one hour
before APAP and were killed at 6 hours. Heparin attenuated the APAP-induced increase in plasma ALT activity. Histopathological analysis was consistent with the
ALT data, showing less centrilobular necrosis in APAP-treated mice pretreated with
heparin. Heparin treatment also reduced hepatic fibrin deposition in APAP-treated
animals, as shown by immunohistochemistry. Taken together, these results suggest
that the coagulation system is involved causally in APAP-induced liver injury.
(Supported by NIH grant DK061315.)

1003

NUCLEAR TRANSLOCATION OF ENDONUCLEASE G
AND APOPTOSIS-INDUCING FACTOR DURING
ACETAMINOPHEN HEPATOTOXICITY

M. Bajt1, C. Cover1, J. J. Lemasters2 and H. Jaeschke1. 1Liver Research Institute,
University of Arizona, Tucson, AZ and 2University of North Carolina, Chapel Hill, NC.
Acetaminophen (AAP)-induced liver injury is characterized by mitochondrial oxidant stress, which causes the mitochondrial membrane permeability transition
(MPT) and necrotic cell death. Another important feature of AAP hepatotoxicity is
nuclear DNA fragmentation. However, the endonucleases responsible for this effect
have not been identified. Apoptosis-inducing factor (AIF) can induce chromatin
condensation and cleavage of DNA into high molecular weight fragments and endonuclease G (Endo G) can produce oligonucleosomal DNA fragments. Therefore,
the objective of this investigation was to test the hypothesis that mitochondria-derived Endo G and AIF could be involved in AAP-induced nuclear DNA fragmentation. Using immunofluorescence microscopy, untreated primary cultured mouse
hepatocytes showed the presence of Endo G and AIF in mitochondria but not in
nuclei. Exposure to 5 mM AAP resulted in a time-dependent increase in nuclear
fluoresecence of both Endo G and AIF affecting 20-25% of hepatocytes at 3 h (at
the time of glutathione depletion) and 45-50% of cells at 6 h (before extensive cell
death). Parallel to the mitochondrial release of Endo G and AIF, there was a timedependent decline of the mitochondrial membrane potential as measured by JC-1.
The JC-1 fluorescence ratio declined from 4.8±0.1 in controls to 2.1±0.1 (3 h) and
1.2±0.1 (6 h) after AAP exposure. Furthermore, there was a 300% increase of nuclear DNA fragmentation (measured by anti-histone ELISA) at 6 h. Pretreatment
with 30 mM N-acetylcysteine for 30 min completely prevented AAP-induced loss
of the mitochondrial membrane potential, the nuclear translocation of Endo G and
AIF, and nuclear DNA fragmentation. Likewise, blocking the MPT with

Cyclosporin A (2 µM) prevented the nuclear translocation of Endo G and AIF.
Conclusion: Endonuclease G and AIF, which are both released from mitochondria
during the AAP-induced MPT, translocate to the nucleus and are responsible, at
least in part, for AAP-induced DNA fragmentation.

1004

ROLE OF CYP3A IN ACETAMINOPHEN
HEPATOTOXICITY IN WILD-TYPE AND CYP2E1(-/-)
MICE

K. K. Wolf1, S. G. Wood3, J. A. Hunt3, J. L. Allard3, H. Yohe3, 1, S. X. Duan4,
J. G. Szakacs5, L. L. von Moltke4, D. J. Greenblatt4, M. H. Court4, S. A.
Wrighton6, E. H. Jeffery7, V. Kostrubsky8, F. J. Gonzalez9, P. R. Sinclair3, 2, 1 and
J. F. Sinclair3, 2, 1. 1Pharmacology and Toxicology, Dartmouth Medical School,
Hanover, NH, 2Biochemistry, Dartmouth Medical School, Hanover, NH, 3VA
Medical Center, White River Junction, VT, 4Pharmacology and Experimental
Therapeutics, Tufts University, Boston, MA, 5Harvard Vanguard Medical Associates,
Boston, MA, 6Drug Disposition, Lilly Research Laboratories, Indianapolis, IN, 7Food
Science and Human Nutrition, University of Illinois, Urbana, IL, 8Safety Science,
Pfizer Global R&D, Ann Arbor, MI and 9Metabolism, NCI, Bethesda, MD.
CYP2E1 is widely believed to be the exclusive CYP responsible for alcohol-mediated increases in APAP hepatotoxicity. However, we previously found alcohol (EIP)
increases APAP hepatotoxicity in Cyp2e1(-/-) mice, showing that CYP2E1 is not essential. Here, we compared EIP-mediated APAP hepatotoxicity in wild-type and
Cyp2e1(-/-) mice. At 300 mg APAP/kg, EIP-pretreatment increased this toxicity in
wild-type but not in Cyp2e1(-/-) mice, suggesting CYP2E1 has a major role. EIP
pretreatment induced CYPs 2E1, 3A, and 1A2 in wild-type mice, but only CYP3A
in Cyp2e1(-/-) mice. In these studies, animals were removed from alcohol 11 h prior
to APAP administration, allowing clearance of alcohol from the blood, since
ethanol protects against APAP hepatotoxicity. In EIP-pretreated wild-type mice,
hepatic levels of CYPs 2E1 and 1A2 decreased to constitutive levels after the 11 h
fast. In contrast, CYP3A remained increased and was greater in wild-type mice
compared to Cyp2e1(-/-) mice. We found, in untreated and EIP-treated mice, TAO,
an inhibitor of CYP3A, protected both wild-type and Cyp2e1(-/-) mice from APAP
hepatotoxicity. In wild-type mice, TAO did not inhibit CYP2E1 or CYP1A2 activity. However, TAO did inhibit triazolam 4- and alpha-hydroxylation, specific measures of CYP3A in mice. These findings suggest TAO maintains relative specificity
for CYP3A in vivo in mice and that CYP3A is an important contributor to APAP
hepatotoxicity in both untreated and alcohol-treated mice.

1005

HEPATIC FIBRIN DEPOSITION DURING THE
DEVELOPMENT OF LIPOPOLYSACCHARIDEPOTENTIATED ACETAMINOPHEN TOXICITY

S. W. Newport1, 2, 3, T. M. Eagle1, 2, 3, P. E. Ganey1, 2, 3, R. A. Roth1, 2, 3 and J. F.
Maddox1, 2, 3. 1Pharmacology & Toxicology, Michigan State University, East Lansing,
MI, 2National Food Safety & Toxicology Center, Michigan State University, East
Lansing, MI and 3Center for Integrative Toxicology, Michigan State University, East
Lansing, MI.
Acetaminophen (APAP)-induced hepatotoxicity in humans has largely been linked
to overdose situations (>4g/day); however, occurrence at near-therapeutic doses has
also been reported, suggesting enhanced sensitivity in some individuals. Animal
studies have shown that modest inflammation can render the liver sensitive to nontoxic doses of a variety of xenobiotic agents. In some of these models, activation of
the hemostatic system plays a significant role in the development of hepatocellular
(HPC) damage. Previously, we reported that cotreatment of mice with nonhepatotoxic doses of lipopolysaccharide (LPS) and APAP resulted in hepatocellular injury
and fibrin deposition 24 hours after administration of APAP. In the present study,
we examined the development of liver fibrin deposition and injury in this model.
Fasted, C57BLJ/6 mice received either saline or LPS (44 x 106 EU/kg, ip) 2 hours
before treatment with either saline or APAP (175mg/kg, ip). For comparison, another group of mice received an hepatotoxic dose of APAP (300mg/kg, ip) alone.
Mice were killed 3, 6, 9, 12 or 24 hours post–APAP treatment, and hepatotoxicity
was estimated from increases in alanine aminotransferase (ALT) activity in the
serum and histopathology. Fibrin deposition was quantified after immunohistochemical staining of liver sections. HPC injury and hepatic fibrin deposition developed in LPS/APAP-treated mice, as well as in mice given an equitoxic dose of APAP
alone, in a time-dependent manner. Liver injury developed more slowly in the
cotreated mice than in those treated only with APAP. HPC injury correlated significantly with fibrin deposition in centrilobular regions. These results raise the possibility that consequences of fibrin deposition contribute to liver injury in mice sensitized to the hepatotoxic effects of APAP by coexposure to LPS. (Supported by
NIH grant DK061315).

1006

ALTERED PROTEIN EXPRESSION OF TRANSPORTERS
IN THE LIVER OF PATIENTS FOLLOWING
ACETAMINOPHEN OVERDOSE

S. Barnes1, L. M. Aleksunes1, G. Scheffer2, I. Pruimboom-Brees3 and J. E.
Manautou1. 1Department . of Pharmacology. Sciences., University of Connecticut,
Storrs, CT, 2Department . of Pathology, VU Medical Center, Amsterdam, Netherlands
and 3Safety Sciences, Pfizer Global Research and Development, Groton, CT.
Hepatic membrane transporters are important determinants of the disposition of
xenobiotics and endogenous compounds. Changes in the expression of these transporters in disease states and in response to chemical injury may result in alterations
in hepatobiliary disposition, which may be accompanied by changes in drug pharmacokinetics. Alterations in transporter expression may also reduce the accumulation of potentially toxic compounds within recovering hepatocytes. Previous studies demonstrate that administration of toxic doses of acetaminophen (APAP)
increase the expression of multidrug resistance-associated proteins (Mrp) 2, 3, and
4 in mouse liver. We therefore investigated the protein expression of hepatocellular
transporters in human liver specimens from APAP overdose patients, as compared
to normal human liver specimens. Livers of patients with primary biliary cirrhosis
(PBC) were used as positive controls because changes in transporter protein expression during PBC have been well characterized. Western blot analysis demonstrated
that changes in human liver transporters following APAP were similar to those seen
in mice, with an up-regulation of Mrp efflux proteins. Notably, different hepatic
Mrp isoforms were increased in humans after APAP exposure compared to mice.
Increased levels of the efflux proteins Mrp5 and Mrp6 (3.6-fold and 4.5-fold) were
detected following APAP overdose. APAP exposure also resulted in a decrease in the
canalicular efflux protein Bcrp (breast cancer resistance protein) (2.1-fold). In addition, increased expression of Mrp4, 5, and 6 protein was detected in PBC livers,
which has not been previously reported. It is well known that mouse models accurately reflect the hepatotoxicity observed in humans overdosed with APAP, and
these results demonstrate a correspondence of changes in transporter protein expression, further supporting the relevance of the mouse model to human exposures.

1007

REDUCED HEPATOTOXICITY OF ACETAMINOPHEN
IN CAVEOLIN-1 (CAV-1) KNOCKOUT MICE IS
ASSOCIATED WITH INCREASED TISSUE REPAIR

C. R. Gardner1, 3, J. P. Gray1, 3, J. M. Dubois1, 3, J. D. Laskin2, 3 and D. L.
Laskin1, 3. 1Rutgers University, Piscataway, NJ, 2UMDNJ-RWJ MED.. School,
Piscataway, NJ and 3EOHSI, Piscataway, NJ.
Cav-1 is a 21-24 kDa protein that has been identified as the main structural and
functional protein of membrane associated caveolae. Cav-1 functions as a membrane-organizing center, concentrating signaling molecules within a scaffolding domain and negatively regulating their activation state. In the present studies, we used
Cav-1 knockout mice (Cav-1-/-) to analyze the role of this protein in acetaminophen (AA)-induced hepatotoxicity. Significant increases in serum transaminase levels were observed within 3 h of AA administration (300 mg/kg, i.p.) to wild type
(WT) mice, reaching a maximum after 18 h. This was correlated with histological
evidence of centrilobular hepatic necrosis. In contrast, AA-induced tissue injury
and increases in serum ALT/AST levels were significantly reduced in Cav-1-/- mice.
In further studies we explored mechanisms mediating hepatoprotection in Cav-1-/mice. In both WT and Cav-1-/- mice, AA treatment resulted in a 90% depletion of
hepatic glutathione levels. Similarly, levels of hemeoxygenase-1 and superoxide dismutase were transiently induced in both mouse strains. These data suggest that
Cav-1 does not regulate AA-induced antioxidant defense mechanisms. Tissue repair
following AA-induced injury involves proliferation of remnant hepatocytes. Cav-1
is known to negatively regulate cellular proliferation by blocking signaling induced
by growth factors such as tumor necrosis factor-α (TNFα) and transforming
growth factor-β (TGFβ), and the cell cycle inhibitor p21/cip-1. Treatment of both
WT and Cav-1-/- mice with AA resulted in increased expression of TNFα, TGFβ
and p21 mRNA in the liver. Significantly greater levels of these growth regulatory
proteins were detected in Cav-1-/- when compared to WT. These data demonstrate
that Cav-1 plays an important role in regulating signaling processes activated during AA-induced tissue repair (NIH GM34310, ES04738, and ES05022).

1008

TYPE 2 DIABETIC MICE ARE PROTECTED FROM
ACETAMINOPHEN HEPATOTOXICITY

S. P. Sawant1, A. V. Dnyanmote1, M. S. Mitra1, J. Chilakapati1, J. R.
Latendresse2 and H. M. Mehendale1. 1Department .of Toxicology, University. of
Louisiana Monroe, Monroe, LA and 2NCTR, Jefferson, AR.
Type 2 diabetic (DB) mice exposed to lethal doses of CCl4 (LD50, 1.25 ml/kg, ip),
acetaminophen (LD80, 600 mg/kg, ip, APAP), and bromobenzene (LD80, 0.5
ml/kg, ip) yielded 30, 20, and 20% mortality, respectively, indicating hepatotoxic
resistance. The objective was to investigate the mechanisms of resistance against
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APAP-induced hepatotoxicity in DB mice. The hypothesis that decreased bioactivation of APAP, altered toxicokinetics, and/or increased tissue repair are the underlying mechanisms was investigated. Time course studies after APAP (600 mg/kg, ip)
treatment revealed identical initial liver injury in non-DB and DB mice, which progressed only in the non-DB mice resulting in 80% mortality. HPLC analysis revealed no difference in plasma t1⁄ 2 of APAP, plasma & urinary APAP levels, and
APAP detoxification via glucuronidation, between the DB and non-DB mice.
Hepatic CYP2E1 protein and activity, glutathione and covalent binding of 14CAPAP did not differ between DB and non-DB mice, suggesting that lower bioactivation-based liver injury was not the mechanism of decreased hepatotoxicity in DB
mice. Diabetes increased the number of S-phase cells (8-fold) as assessed by PCNA
assay in normally quiescent liver of these mice. Inhibition of cell division by
colchicine (CLC) intervention before APAP treatment resulted in 70% mortality in
the CLC intervened DB mice, indicating that advancement of cells to S-phase is
critical for protection against APAP hepatotoxicity. Furthermore, in the DB mouse
liver, over-expression of calpastatin, an endogenous calpain inhibitor, in the newly
dividing/divided cells explains inhibition of the hydrolytic enzyme, calpain, in perinecrotic areas and lower progression of APAP-initiated injury. These studies suggest
that diabetes-associated advancement of cells in the cell division cycle and higher
compensatory tissue repair protect type 2 DB mice from progression of APAP-initiated liver injury that normally culminates in hepatic failure and mortality.

1009

COMPARISON OF S-ADENOSYL-L-METHIONINE
(SAME) AND N-ACETYLCYSTEINE (NAC) EFFECT ON
ACETAMINOPHEN MEDIATED INDUCTION OF
TOXICITY IN MICE

M. Terneus1, K. Kiningham1, A. Prince2 and M. Valentovic1. 1Pharmacology,
Marshall University School of Medicine, Huntington, WV and 2West Virginia
Wesleyan College, Buckhannon, WV.
Acetaminophen (APAP) is an agent commonly used to reduce pain and fever in individuals. APAP when taken in excess can induce hepatic damage. APAP is metabolized to a toxic metabolite, N-acetyl-p-benzoquinoneimine (NAPQI) which mediates toxicity. Hepatic damage is partially due to induction of lipid peroxidation and
ensuing alterations in proteins. The following study compared the potency of Sadenosyl-L-methioine (SAMe) to the standard antidote for APAP overdose, Nacetylcysteine (NAC), to reduce damage of APAP to the liver. Male C57BL/6 (1622g) were randomly separated into treatment groups. Treatment groups consisted
of: vehicle (VEH), S-adenosyl-L-methionine (SAMe), N-acetylcysteine (NAC),
APAP, SAMe + APAP and NAC + APAP. Plasma and liver were collected 4 h post
injection of water (Vehicle) or 300 mg/kg APAP administration. In some experiments, animals were treated just prior to APAP with 1.25 mmol/kg SAMe, 1.25 or
7.36 mmol/kg NAC. Liver weight, plasma alanine aminotransferase (ALT), hepatic
glutathione (GSH) and hepatic oxidized glutathione (GSSG) were monitored in all
animals. Comparisons were made of 4-hydroxynonenal (4-HNE) and protein carbonyls (OXY BLOT) between groups. APAP increased (p<0.05) liver weight, ALT
levels, 4-HNE adducted proteins and oxidized proteins relative to the VEH treated
groups. SAMe prevented the rise in liver weight, lowered ALT levels and reduced
the levels of oxidized proteins. At an equimolar dose, NAC (NAC-low), did not
prevent a rise in liver weight and provided less protection of ALT and oxidized proteins compared to SAMe. The 7.36 mmol/kg of NAC (NAC-high) provided the
best protection from APAP. These results indicate that SAMe is more potent than
NAC for attenuating APAP hepatotoxicity. (Supported in part by NIH RR16477).

1010

HEPATOPROTECTIVE INTERLEUKIN-13 DIVERSELY
AFFECTS CYTOKINES AND CHEMOKINES IN
ACETAMINOPHEN-INDUCED MURINE LIVER DISEASE

S. B. Yee, M. Bourdi and L. R. Pohl. Laboratory of Molecular Immunology,
NHLBI, National Institutes of Health, Bethesda, MD.
We have recently demonstrated endogenous interleukin (IL)-13 protects mice from
acetaminophen (APAP)-induced liver disease (AILD) by processes downstream of
reactive metabolite formation. In the present study, several cytokines and
chemokines were identified, wherein IL-13 appeared to control their expression at
least partially following APAP treatment. Accordingly, APAP (200 mg/kg) or saline
vehicle was administered to C57BL/6 wild-type (WT) and IL-13 knockout (KO)
mice. Blood was collected at 4, 8 and 24 hours and various biomarkers were assayed
via multiplex protein arrays. APAP-treated KO mice exhibited significantly elevated
serum concentrations of IL-1β, IL-6, IL-10, IL-12, IL-18, macrophage inflammatory protein (MIP)-2, keratinocyte-derived chemokine (i.e., murine IL-8 homolog), granulocyte macrophage-colony stimulating factor, eotaxin, tumor necrosis
factor (TNF)-α, interferon-γ, osteopontin and nitric oxide in comparison to
APAP-treated WT mice. However, no differences were observed in IL-1α, MIP1α, matrix metalloproteinase (MMP)-2, MMP-3 and MMP-9 levels. TNF-α neutralizing antibody (NAb) failed to attenuate liver injury in APAP-treated KO mice
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indicating TNF-α was not causal to injury. In contrast, IL-6 NAb was found to significantly exacerbate liver injury stressing the hepatoprotective function of IL-6 in
AILD. Similar mechanistic studies are ongoing to determine the role of other IL13-regulated factors in AILD. Collectively, these results suggest IL-13 is a critical
factor modulating the expression of diverse cytokines and chemokines in the liver.
Further elucidation of the hepatoprotective role of IL-13 will be useful in better understanding the mechanism and in facilitating the prediction of drug-induced liver
disease. This research was supported by the Intramural Research Program of the NIH
and NHLBI.

1011

RAPID ANALYSIS OF SRC SIGNALING PATHWAYS VIA
CHEMICAL RESCUE
P. A. Cole. Pharmacology and Molecular Sciences, Johns Hopkins University,
Baltimore, MD. Sponsor: J. Kramarik.
Many toxic substances mediate their cellular effects by modulating protein phosphorylation signaling cascades. In particular, Src protein tyrosine kinase and some
of its family members have been implicated as effectors of toxins. However, little
has been unequivocally established about Src pathways because Src is usually activated indirectly by upstream receptor-ligand interactions. Traditional artificial
methods for activating Src involve transcriptional induction with inducible small
molecules. However, this fails to provide kinetic details of Src signaling. We have
developed a new approach to analyzing Src whereby an active site mutation is made
in a catalytic Arg (R388A) that renders the kinase defective (<1% wt activity) but
this mutant can be complemented by the small molecule imidazole. We show that
mutant Src can be rescued up to 100-fold (to ca. 40% wild-type activity) by imidazole whereas the wild-type enzyme is not significantly affected. We further demonstrate that rescue of Src tyrosine kinase rescue is feasible, rapid (less than 1 minute)
and reversible in live, stably transfected SYF cells. Using proteomic analysis, we
have identified a number of putative and novel Src cellular phosphorylation targets
that are phosphorylated within 5 minutes of rescue. Using gene expression profiling, a number of rapidly activated genes have been uncovered, distinct from gene
changes seen with chronic Src activation. We also show that basal cellular c-Src activity is more robust than commonly understood. Using chemical rescue, we
demonstrate a clear temporal role for c-Src kinase activity in activating MAP kinase
pathways downstream of PDGF, EGF, and FGF. In summary, these chemical rescue
studies have provided unusual insights into the role of Src in rapid events in cell signaling and provide a scaffold for interpretation of Src-mediated effects induced by
toxins. Furthermore, the approach here may well be applicable to analyzing other
protein tyrosine kinase pathways.

1012

PROTEIN KINASES ASSOCIATE WITH RIBOSOMES
DURING THE DEOXYNIVALENOL-INDUCED
RIBOTOXIC STRESS RESPONSE IN THE MACROPHAGE
H. Bae1 and J. Pestka1, 2. 1Department . of Food Science and Human Nutrition,
Michigan State University, East Lansing, MI and 2Center for Integrative Toxicology,
Michigan State University, East Lansing, MI.
The intracellular signaling mechanisms by which protein kinases are activated by ribotoxic chemicals such as the trichothecene deoxynivalenol (DON) were investigated in the RAW 264.7 macrophage model. Specifically, we assessed the capacity of
double-stranded RNA-(dsRNA)-activated protein kinase (PKR), hematopoetic cell
kinase (Hck), and extracellular signal-regulated kinase (ERK) to interact with ribosomes. Sequence analysis of ribosomal protein using Motif Scan (Scansite,
http://scansite.mit.edu) revealed that many ribosomal subunits contain putative
PXXP motifs for Hck binding and several ERK docking and binding sites. Indeed,
extremely rapid association and activation of PKR, Hck, ERK was detected in ribosomes from DON-treated RAW 264.7 that were purified by sucrose gradient separation and subjected to Western analysis. These kinases associated with ribosomes simultaneously and rapidly dissociated within 5 minutes after DON induction.
Earliest activation of kinases (1-3 min) was detectable in the monosome fraction
with a subsequent transition to the polysome fraction (3-5 min). Additionally, other
transcriptional and translational regulatory kinases such PDK1, AKT and p70
RSK1 bound to ribosomes. These observations suggest that, following DON interaction, the ribosome functions as signal transducer and mediates activation and
binding of a number of protein kinases, several of which are upstream of the
MAPKs. These interactions can potentially affect to transcriptional and translational
regulation of cytokine and chemokine genes as well as apoptosis induced by DON.

1013

A COMPARISON OF THE EFFECTS OF CELL
PERMEABLE FRATTIDE AND A SELECTIVE GSK3β
INHIBITOR ON PROLIFERATION
J. P. Bailey and M. A. Davis. Investigative Toxicology, Eli Lilly and Company,
Greenfield, IN.
The protein, frequently rearranged in advanced T-cell lymphomas 1 (FRAT1) has
been shown to bind GSK3β, decrease the phosphorylation of β-catenin, and increase β-catenin protein levels. Overexpression of the peptide corresponding to

amino acid residues 188-226 of the GSK3β binding domain of FRAT1 (FRATtide)
also increases β-catenin expression by preventing the association of β-catenin with
the GSK3β complex; although a biological response to FRATtide has not been reported. We hypothesize that treatment of cells with membrane permeable
FRATtide will elevate β-catenin levels and increase proliferation. FRATtide increased proliferation of both the murine macrophage cells (RAW264.7) and the
normal rat kidney epithelial cells (NRK-52E). FRATtide also increased β-catenin
protein levels in a dose-dependent manner. Treatment of the RAW264.7 and NRK52E cell lines with a potent GSK3β inhibitor increased proliferation and β-catenin
protein levels similar to FRATtide treatment. These data suggest that blockade of
either β-catenin association with the GSK3β complex or inhibition of GSK3β kinase activity results in increases of β-catenin and proliferation. These data provide
evidence that cellular responses to cell permeable peptides can be used to determine
whether specific kinase-protein interactions regulate responses observed in cells
treated with inhibitors of kinase activities.

1014

MECHANISM OF PROTEIN TYROSINE PHOSPHATASE
INHIBITION IN HUMAN AIRWAY EPITHELIAL CELLS
(HAEC) EXPOSED TO ZN2+

T. L. Tal1, L. M. Graves2, 1, R. Silbajoris3 and J. M. Samet3, 1. 1Curriculum in
Toxicology, UNC-Chapel Hill, Chapel Hill, NC, 2Pharmacology, UNC-Chapel Hill,
Chapel Hill, NC and 3Human Studies Division, NHEERL, Chapel Hill, NC.
Sponsor: I. Jaspers.
A number of studies have implicated zinc in the toxicity of ambient particulate
matter (PM) inhalation. We previously showed that exposure to Zn2+ inhibits protein tyrosine phosphatase (PTP) activity and leads to activation of epidermal
growth factor receptor (EGFR) signaling in HAEC. We hypothesized that Zn2+-induced EGFR activation is a consequence of PTP inhibition and that it occurs
through a direct attack on the catalytic site of the PTP. We first measured PTP enzymatic activity in recombinant PTP1B and in HAEC cell lysates following treatment with Zn2+. In both cases, treatment with Zn2+ was found to impair PTP activity as measured by hydrolysis of 32P-labeled PolyGlu-P-Tyr. Moreover, this
inhibition was reversible when followed by exposure to dithiothreitol (DTT).To
elucidate the mechanism by which Zn2+ inhibits PTP(s) which oppose EGFR kinase activity in human bronchial epithelium, we treated HAEC with non-cytotoxic
levels of ZnSO4 (0-50 µM for 20min) followed by exposure to Zn2+ chelators and
antioxidants and measured the state of EGFR phosphorylation. Western blots
showed that treatment with the thiol antioxidant DTT reversed Zn2+-induced
EGFR phosphorylation in HAEC. To distinguish between the reductive and
chelating properties of DTT in mediating this effect, we next tested structurally unrelated antioxidants and the Zn2+ chelating agent TPEN. TPEN effectively reversed
phosphorylation of EGFR induced by Zn2+. In contrast, Zn2+ exposure followed by
treatment with the anti-oxidants N-acetyl cysteine and lipoic acid did not reverse
Zn2+ mediated EGFR phosphorylation. These data show that Zn2+-induced activation of EGFR in HAEC is the result of a non-oxidant inhibition of tyrosine phosphatase activity which function to dephosphorylate EGFR in opposition to baseline EGFR kinase activity. These findings suggest a mechanism for the toxicity of
Zn2+ inhalation. This abstract of a proposed presentation does not necessarily reflect EPA policy.
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THE ROLE OF THE IKK AND THE JNK PATHWAYS IN
ARSENIC TOXICITY

Z. Peng, L. Peng and Y. Xia. University of Cincinnati, Cincinnati, OH.
Long-term arsenic exposure is associated with the development of skin cancer,
while arsenic trioxide has also been effective in treating acute promyelocytic
leukemia (APL). The present study was to investigate the molecular mechanisms
underlying the diverse arsenic toxicity. At low dose (0.1-1 microM), arsenic induced the proliferation and wound closure of human keratinocyte HaCaT. This effect was further potentiated by the growth factors, TGFα and TGFβ, but not by
the cytokine TNFα. We suggest that arsenic signal cooperates with the TGFα and
TGFβ signals to accelerate wound closure and that arsenic may accomplish its effects through the activation of the TNFα signaling pathways, therefore, it does not
further potentiate TNFα stimulated wound closure. This suggestion was supported
by the findings that evodiamine, a chemical inhibitor of the TNFα effector NF-κB,
completely abolished arsenic-induced keratinocyte wound closure. At high concentrations (5-20 microM), arsenic inhibited cell proliferation and wound closure and
it caused the induction of hemeoxygenase-1 expression and lactate dehydrogenase
(LDH) release. To investigate the role of TNFα-induced IκB kinases (IKK) and the
NF-κB pathway in high dose arsenic toxicity, we examined cells deficient in the
IKKs. Compared to the wild type cells, the IKKα- and IKKβ-null cells were more
susceptible to arsenic induced apoptotic cell death. Arsenic induced HO-1 expression in the IKK-null cells to the same degree as in the wild type cells; however, it
caused a much stronger and prolonged induction of the c-Jun N-terminal kinases

(JNKs) in the IKK-null cells. Inhibitors of JNK and of oxidative stress were both
sufficient to prevent the susceptibility of the IKK-deficient cells to arsenic-induced
apoptosis. Our studies suggest that the IKK-NF-κB pathway plays a critical role in
mediating low dose arsenic-induced epithelial cell wound closure as well as in maintaining a protective program in the cell against high dose arsenic induced JNK activity and program cell death.

1016

THE EFFECTS OF PROTEIN ALKYLATION ON C-JUN
N-TERMINAL KINASE SIGNALING

C. R. Orton2, 1 and D. C. Liebler1. 1Biochemistry, Vanderbilt University, Nashville,
TN and 2Pharmacology and Toxicology, University of Arizona, Tucson, AZ.
Cellular exposure to reactive electrophiles from endogenous and environmental
sources can lead to protein alkylation that can trigger changes in cellular signaling.
c-Jun N-terminal kinase (JNK) is a mitogen activated protein kinase that activates
gene expression of transcription factors which regulate important cellular functions
such as cell growth, differentiation, apoptosis, and death. We treated HEK293 cells
with the electrophiles N-iodoacetyl-N-biotinylhexylenediamine (IAB) and 1-biotinamido-4-(4’-[maleimidoethyl-cyclohexane]-carboxamido)butane (BMCC) and
with anisomycin, a positive control for JNK activation. IAB treatment significantly
increased JNK activity over basal levels, whereas BMCC did not. Both compounds
enter the cell and alkylate proteins. Western blotting to detect active pJNK indicated that treatment with IAB reduces activity of JNK phosphatases, which are
negative feedback regulators of kinase activity. This was reflected by increased levels
of the active pJNK in cells treated with anisomycin. JNK has been hypothesized to
be negatively regulated by glutathione-S-transferase P1-1 (GSTP1-1). We found
that GSTP is modified by IAB and BMCC, but we could detect no association between GSTP1-1 and JNK in cell lysates. We hypothesize that protein alkylation affects JNK signaling through effects on JNK phosphatases. Ongoing studies are applying mass spectrometry-based proteomics approaches to analyze IAB and BMCC
targets. (Supported by NIH Grants ES010056 and ES000267.)

1017

HIGH-LEVEL OF INORGANIC PHOSPHATE INDUCE
ANGIOGENESIS AND APOPTOSIS THROUGH AKT
PATHWAY AND ERK-MNK SIGNALING PATHWAY IN
VIVO AND IN VITRO LUNG SYSTEM

S. Chang, H. Jin and M. Cho. Toxiclogy, College of Veterinary Medicine, Seoul
National University, Seoul, South Korea.
Inorganic phosphate (Pi) is an essential material in cellular metabolism, but its effect at a high concentration is not reported. Therefore, we studied the effects of
high Pi in lungs and phosphate mediated signaling in vivo and in vitro system.
Inorganic phosphate activates Akt phosphorylation on Thr308 through PTEN-induced putative kinase 1, Pink1, and activated phosphate mediated signaling leading
to angiogenesis. Akt activation has been reported as an early event in lung cancer
progression. Also, inorganic phosphate inhibited cell survival by suppressing capdependent transcription and inducing apoptosis through ERK-Mnk signaling
pathway. An investigation into inorganic phosphate mediated Akt phosphorylation
is underway and such research would be invaluable to future studies on lung cancer
prevention. Supported by KOSEF

1018

LOW INORGANIC PHOSPHATE DIET REGULATED
BRAIN GROWTH THROUGH AKT SIGNALING
PATHWAY IN TRANSGENIC MICE EXPRESSING
BICISTRONIC LUCR-C-MYC-IRES-LUCF REPORTER
GENE

H. Jin, S. Hwang and M. Cho. Toxiclogy, College of Veterinary Medicine, Seoul
National University, Seoul, South Korea.
Inorganic phosphate (Pi) plays a key role in diverse physiological functions.
Recently, considerable progress has been shown in our understanding of the function and regulation of the brain-specific sodium-dependent inorganic phosphate
transporter 1 (NPT1) which is found to exist principally in cerebrum. The potential importance of Pi as a novel signaling molecule and the poor prognosis of diverse
neurodegenerative diseases that involve brain-specific NPT1 have prompted us to
define the pathways by which Pi affects mouse brain growth. Low levels of Pi
caused a significant decrease in protein expression of NPT1. Low levels of Pi increased tumor surppressor gene PTEN expression, whereas decreased PDK1, total
Akt1, phospho-(Thr308)Akt, m-TOR. Low levels of Pi increased eukaryotic translation initiation factor-binding protein (eIF4E-BP1) and cap binding protein
eIF4E in cerebrum, which induced cap-independent protein translation. Low levels
of Pi significantly induced apoptotic protein expression of BAD, cytochromeC,
Apaf-1, procaspase-3, reduced antiapoptotic protein expression of BCL-XL. Low
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levels of Pi reduced protein expressions of cyclinD1, CDK4, cyclinE, CDK2. In
contrast, CDK inhibitor protein p27, p53 was increased. In conclusion, the results
indicate that low dietary of Pi can affect normal brain growth through Akt signaling pathway in young mice. Supported by the grant of KOSEF

1019

ESSENTIAL ROLE OF PROTEIN KINASE C IN SILICAINDUCED MAP KINASE AND AP-1 ACTIVATION

M. Ding, Y. Lu, L. Bowman, V. Castranova and V. Vallyathnan. Pathology and
Physiology Research Branch, National Institute for Occupational Safety and Health,
Morgantown, WV.
Crystalline silica has long been well established as a fibrogenic agent and recent evidence has implicated it as a potential human carcinogen. However, the mechanisms of silica-induced disease development and progression are not well understood. Our previous studies demonstrated that crystalline silica is able to activate
activator protein-1 (AP-1) through mitogen-activated protein kinase (MAPK)
pathways. The present study investigates the possible involvement of protein kinase
C (PKC) in silica-induced activation of the MAPK-AP-1 signal transduction pathway. Treatment of mouse epidermal cells (JB6 cell line) with freshly fractured silica
stimulated translocation of PKCa and PKCe from the cytosol to the membrane and
activated AP-1 transcription activity. Pretreatment of cells with PKC inhibitors, including RO-32-0432, calphostin C, and bisindolylmaleimide I, inhibited silica-induced AP-1 activation and phosphorylation of ERKs and p38 kinase. These inhibitory effects by PKC inhibitors were dose dependent. Furthermore,
over-expression of a dominant negative mutant of PKCa or PKCe markedly
blocked AP-1 activation as well as phosphorylation of ERKs and p38 kinase induced by freshly fractured silica. These results demonstrate that PKCa and PKCe
are essential in silica-induced AP-1 activation through the MAP kinase (ERKs and
p38 kinases) pathway.

1020

TUMOUR-PROMOTING ACTIVITY OF MICROCYSTINS
DURING HEPATOCARCINOGENESIS IN RATS:
EFFECTS ON MAPKS SIGNAL TRANSDUCTION AND
GSTPI EXPRESSION

J. Zhao1, 2, S. Jiang1, W. Qu1 and H. Zhu1. 1Environmental Health, Fudan
University, Shanghai, Shanghai, China and 2EOH, University of Pittsburgh,
Pittsburgh, PA.
Cyanobacterial blooms in water occur worldwide, and conventional water treatment processes are not sufficient to totally remove cyanobacterial toxins, or
Microcystins (MCs), and chronic exposure to MCs via drinking water may have tumour-promotion effects. In order to elucidate the tumour promotion mechanisms
of MCs during hepatocarcinogenesis, a two-stage hepatocarcinogenesis rat model
was established with diethylnitrosamine (DEN) and MCs applied as initiator and
promoter, respectively. The histopathological changes in liver were observed, and
expressions of GSTPi and MAPKs activation were detected by immunohistochemical staining, Western-blot, RT-PCR and ISH, and DNA binding activity of nuclei
proteins to AP-1, NFkB and GEPI were analyzed by EMSA as well. The results indicated that expressions of MAPK, ELK-1, c-jun and c-fos were up-regulated in hepatocytes of rats treated with Microcystins, and DNA binding activities of AP-1
and NFkB were up-regulated as well. Microcystins alone could not induce the expressions of GSTPi mRNA and protein, but could promote the expressions of
GSTPi mRNA and protein induced by DEN.EMSA results also showed the binding activity of nuclear protein to GSTPi enhancer (GEPI) existing in promoter region was activated. These results strongly suggest that MCs possess tumor-promoting activity during experimental hepatocarcinogenesis in rats, and up-regulation of
MAPKs signaling pathways and promoting GSTPi expression initiated by carcinogens may be its potential tumour promotion mechanism during carcinogenesis.
Fund Support: National Natural Science Foundation of China: No.39970628;
China’s National Key Projects on High Sciences and Technologies :( 863,
No.2002AA601130)

1021

TYROSINE KINASE-MEDIATED ACTIVATION OF
MITOGEN ACTIVATED PROTEIN KINASES BY A DIORTHCHLORIANTED PCB IN LIVER EPITHELIAL
CELLS

B. V. Madhukar, G. Chen and B. F. Wood. Pediatrics/Human Development,
Michigan State University, East Lansing, MI.
Non-coplanar PCBs (NC-PCBs) exert toxic effects through epigenetic mechanisms
that are independent of Ah-receptor signaling. In our continuing studies to identify
the cellular interactions of non-coplanar polychlorinated biphenyls (NC-PCBs)
that are potentially associated with their epigenetic effects we examined perturbations of cell signaling pathways in liver epithelial cells (LEC). Using 2,2’,4,4’-tetrachlorobiphenyl (TCB) as a model NC-PCB we discovered that it activated the mi-
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togen-activated protein kinase (MAPK) signaling components. In this study we examined the mechanisms of this activation. Treatment of LEC with TCB (20.0 µM)
for one resulted in 7 to 10-fold increase in the activation of MAPKs. This activation
was abrogated by an inhibitor of tyrosine kinases genestein, and a calcium antagonist TMB-8 suggesting that calcium regulated tyrosine kinases are involved in TCB
cellular interactions. We also observed that MAPK activation by the TCB was inhibited by a epidermal growth factor receptor (EGFR) kinase inhibitor Compound
56 as well as a c-src tyrosine kinase inhibitor PP2. Inhibition of EGFR gene expression by specific SiRNAs resulted in complete loss of MAPK activation without any
decrease in MAPK levels. c-DNA microarray analysis of gene expression changes in
TCB treated liver cells revealed altered expression of a number of genes both
MAPK-dependently and -independently. Taken together these data suggested that
NC-PCB activate MAPK signaling through mechanisms that involve upstream tyrosine kinases and intracellular calcium and that this activation leads to altered expression of transcription factors and other genes (supported by Philip Morris USA
Research grant and NIEHS/Superfund grant ES-04911).

1022

SPLENOTOXIC RESPONSE OF ANILINE IS
ASSOCIATED WITH EARLY ACTIVATION OF
MITOGEN-ACTIVATED PROTEIN KINASES
J. Wang and M. Khan. Pathology, University of Texas Medical Branch, Galveston, TX.
Aniline exposure results in selective toxicity to the spleen leading to a variety of sarcomas, and fibrosis appears to be an important preneoplastic lesion of the spleen.
Studies from this laboratory have shown that aniline exposure in rats leads to oxidative stress and overexpression of profibrogenic cytokines in the spleen. To understand the signaling mechanisms in aniline-induced splenic toxicity, we have investigated the response of mitogen-activated protein kinases (MAPKs) in experimental
conditions preceding the induction of fibrosis. Male SD rats were treated with 1, 4
or 7 doses of aniline (1 mmol/kg/day via gavage) and phosphorylation of three
classes of MAPKs (ERK 1/2, JNK 1/2 and p38) was examined in the spleen. While
no change was observed following a single dose of aniline administration, aniline
exposure induced activation of all three classes of MAPKs in the spleens of rats
treated for 4 and 7 days. The increases in the phosphorylated forms of MAPKs after
4 doses were 1.2 and 1.3 fold for ERK1 and ERK2, 1.4 and 1.4 fold for JNK1 and
JNK2, and 1.3 fold for p38 in comparison to the controls. The increases in the
phosphorylation of these MAPKs were even greater after 7 doses, being 5.9 and 5.2
fold for ERK1 and ERK2, 1.7 and 1.4 fold for JNK1 and JNK 2, and 1.7 fold for
p38. The phosphorylation of the distinct MAPKs ERK, JNK and p38 may mediate
up-regulation of cytokines in the spleen through activation of redox-sensitive transcription factors NF-kappaB and AP-1.

1023

EFFECT OF HEAVY NET SULFUR POLLUTION ON
RESPIRATORY CHARACTERISTICS OF WORKERS
EXPOSED TO VOLCANIC EMISSIONS ON MIYAKE
ISLAND IN JAPAN
H. Uno, H. Horiguchi and F. Kayama. Division of Environmental Medicine,
Center for Community Medicine, Jichi Medical School, Tochigi, Japan. Sponsor: T.
Yoshida.
Miyake Island is an isolated island with a volcano, Mt. Oyama in Tokyo, Japan.
The volcano last erupted in June 2000, whose gas consisted mainly of sulfur dioxide (SO2). Since then, all of the former inhabitants were evacuated from the island;
only workers were allowed back on the island. The SO2 concentration was measured at six locations. The observed values often exceeded the recommended safety
limits. It is well known that even brief exposure to SO2 can cause an asthma attack.
Therefore we investigated the relation between SO2 concentration and respiratory
conditions of 100 island workers. The results indicate that subjects did not generally exhibit significant deterioration in respiratory symptoms. No differences were
apparent in the occurrence of medical problems among the 6 regions. Of 4 infant
asthmatics among the subjects, one developed with wheezing and decreased PEFR
(peak expiratory flow rate) after coming to the island. Although the preventive programs for SO2 exposure we devised for the workers on the island could be applied
to the participants to the rehabilitation plan, it might be necessary to conduct examinations for airway hyperresponsiveness to SO2 in order to prevent the possible
occurrence of asthma attacks in returning inhabitants.

1024

FLORIDA RED TIDE BREVETOXINS CAUSE
PULMONARY EFFECTS THROUGH MULTIPLE
MECHANISMS
D. Baden1, S. Michelizza1 and W. Abraham2. 1UNCW Center for Marine Science,
Wilmington, NC and 2Department of Research, Mount Sinai Medical Center, Miami
Beach, FL.
Florida red tide brevetoxins, long chain polyether natural products, cause bronchoconstriction in humans on beaches when inhaled at pMol/cubic meter of air.
The effects are completely antagonized by a beta-naphthoyl derivative of breve-

toxin, a synthetic modification which exhibits no apparent toxic effects. The effects
are specific to this particular derivative; another 12 derivatives synthetically prepared have varying degrees of bronchoconstrictor effects while all binding with
nMolar affinities. During our pharmacophore analysis of the wide variety of natural and synthetic derivatives available, it was discovered that the brevetoxins produce bronchonstriction through both cholinergic and histaminic mechanisms. The
cholinergic effects appear to arise from the character of the brevetoxin backbone.
The histaminic effects arise due to modification in the side chain of the brevetoxin
molecule. By selectively modifying backbone and/or side chain features of the subject molecules, we have learned that: 1) we can modulate the overall bronchonstrictor potential including the contribution of each cholinergic and histaminic component, 2) the pulmonary effects elicited during Florida red tides arise from
perturbation of a multitude of toxicologic loci due to changes in natural toxin profile during red tide progression, and 3) we can develop antagonists that specifically
target one or both of the pharmacologic loci. Supported by P01 ES 10594, NIEHS,
NIH, DHHS.

lium appeared similar to non-exposed control. Airways from rats exposed to 1-nitronaphthalene-coated particles contained dose-dependent aggregates of particles
mixed with inflammatory cells near branchpoints. Directly under the particle/inflammatory cell aggregates, airway epithelium was disrupted. Near these sites, the
airway epithelium was intact, but significantly thinner than epithelium from nonexposed control rats. These results show that this strategy can be used with synthetic particles to define dose-dependent epithelial injury in relation to deposition
and clearance. (Supported by NIH grants ES04311, ES04699 and EPA grant
G4H10803. This abstract does not reflect USEPA policy.)

1027

BENEFICIAL ROLE OF NEUTROPHILS IN REPAIR
FROM 1-NITRONAPHTHALENE INDUCED LUNG
INJURY

L. Sullivan, M. V. Fanucchi and C. G. Plopper. University of California, Davis,
Davis, CA.

1025

ACUTE NOSE-/HEAD-ONLY EXPOSURE OF RATS AND
DOGS TO PHOSGENE. CONCENTRATION X TIME
DEPENDENCE OF NON-LETHAL-THRESHOLD
CONCENTRATIONS, INDICATORS OF PULMONARY
IRRITATION IN BRONCHOALVEOLAR LAVAGE, AND
ANALYSIS OF BREATHING PATTERNS

J. Pauluhn. Toxicology, Bayer HealthCare, Wuppertal, Germany.
Phosgene (carbonyl chloride) is a highly reactive acylating gas and is used as high
production volume intermediate in numerous industrial processes. The purpose of
study was to analyze the validity of concentration x time (C x t) relationships in a
common laboratory species (rat), and Beagle dog which has respiration patterns
more similar to humans. Groups of Wistar rats were nose-only exposed to phosgene
using for either 10, 30, 60, and 240 minutes. C x t products ranged from 1538 to
2854 mg/m3 x min for the estimation of non-lethal threshold concentrations
(LC01). Following exposures of either 30 or 240 minutes (C x t products from 28.2
to 1008 mg/m3 x min) rats were examined up to 1 or 3 months. Dogs were headonly exposed for 30 minutes (C x t products 270 to 1050 mg/m3 x min) and were
sacrificed 1 day later. The estimated LCt01 in rats was 1117±190 mg/m3 x min. In
rats exposed to 1008 mg/m3 x min the climax of BAL-protein was on the first
post¬exposure day and exceeded approximately 70-times the reference control level
without causing mortality. Histopathology did not show evidence of lung remodeling or progressive, potentially irreversible changes. Respiratory function measurements revealed that due to an irritant-related depression in respiration, Cxt estimations should always utilize exposure periods equal or greater 30 min. Similar Cxt
products in dogs caused about 10-times lower levels of BAL-protein when compared to rats. This appears to suggest that for pulmonary irritant gases, such as
phosgene, rats may be overly susceptible due to their high ventilation and possible
contributing effects caused by capillary receptor stimulation. Such stimulatory effects may not be a significant contributing factor in dogs and also humans.

1026

SITE-SPECIFIC DEFINITION OF ACUTE AIRWAY
EPITHELIAL INJURY FOLLOWING A SINGLE
EXPOSURE TO 1-NITRONAPTHALENE-COATED
CARBON BLACK PARTICLES

M. V. Fanucchi, L. Davison, B. DeLong, C. G. Plopper, I. M. Kennedy and A.
R. Buckpitt. University of California, Davis, CA.
Particulate air pollution is a complex mixture composed of soil dust, pollens,
molds, ashes, soot, and combustion by-products such as volatile organic compounds, sulfur dioxide, nitrogen oxides, and metals. Although epidemiological
studies have associated exposure to environmental particulate air pollution with increased morbidity and mortality, we do not have clear unequivocal epidemiological
evidence of which components within the complex mixture are involved. The present study was designed to validate a strategy to systematically define the impact that
individual components of particulate matter, both separately and as mixtures, have
on the cytotoxicity in airway epithelium. We compared the acute cytotoxicity in of
an ‘inert’ particle (1-micron carbon black) alone and synthetically coated with 5, 10
or 20% 1-nitronaphthalene (wt/wt). Male Sprague-Dawley rats were insufflated
with 2.5mg particles. The particles were widely and uniformly distributed throughout all airways. Cellular injury was assessed 24 hours post-treatment in whole
mount preparations to determine the site-specific localization of ethidium homodimer-1 membrane permeable cells and by high resolution histopathology. Airways
from rats exposed to carbon black alone were clear of particles and airway epithe-

Neutrophils have varied roles in the response to inhaled toxicants. They have been
shown to exacerbate injury through release of proteolytic enzymes that damage
healthy tissue. Neutrophils can also have a beneficial role through clearance of vacuolated and necrotic cells, which facilitates new cell growth and proliferation. The
purpose of this study was to characterize the role of the neutrophil in response to an
inhaled toxicant 1-nitronaphthalene (1NN). 1NN, a ubiquitous environmental
pollutant widely detected in ambient urban air, has been shown to cause a significant inflammatory response in the rat lung. Circulating neutrophils were depleted
in the rat by utilizing an anti-neutrophil antibody. The repair process between neutrophil-depleted and neutrophil-sufficient rats were compared at 4 and 14 days
after 1NN treatment. Control rats had steady state epithelial composition in proximal airways of 70% ciliated cells and 30% nonciliated cells. At 4 days post treatment, neutrophil-sufficient rats showed a quicker return to steady state epithelial
composition than neutrophil-depleted rats. Neutrophil-sufficient rats had epithelial
composition of 71% ciliated cells and 29% nonciliated cells compared with neutrophil-depleted rats whose epithelial composition was 43% ciliated cells and 57%
nonciliated cells. At 14 days, the epithelial thickness was increased in neutrophildepleted rats, however there were focal areas of thin epithelium, suggesting that repair was partially resolved. Neutrophil-sufficient rats had a decreased epithelial
thickness at 14 days, similar to control rats, suggesting that repair was completely
resolved. We conclude that neutrophils significantly contribute to enhancement of
the repair process from 1NN, and that without neutrophils, epithelial repair from
acute cytotoxic injury is either delayed or altered. NIH ES004311, ES06700,
ES04699

1028

SATRATOXIN G FROM THE BLACK MOLD
STACHYBOTRYS CHARTARUM EVOKES OLFACTORY
SENSORY NEURON LOSS AND INFLAMMATION IN
THE MURINE NOSE AND BRAIN

Z. Islam1, 2, 3, J. R. Harkema3 and J. J. Pestka1, 2, 3. 1Food Science and Human
Nutrition, Michigan State University, East Lansing, MI, 2Department of
Microbiology and Molecular Biology, Michigan State University, East Lansing, MI
and 3Department of Pathobiology and Diagnostic Investigation, Michigan State
University, East Lansing, MI.
Satratoxin-G (SG) is a macrocyclic trichothecene mycotoxin produced by
Stachybotrys chartarum, the “black mold” suggested to contribute etiologically to
illnesses associated with water-damaged buildings. Using an intranasal instillation
model in mice, we found that acute SG exposure specifically induced apoptosis of
olfactory sensory neurons (OSN) in the olfactory epithelium. Dose-response analysis revealed that the no effect and lowest effect levels at 24 h post-instillation were 5
and 25 µg/kg bw SG respectively, with severity increasing with dose. Apoptosis of
OSN was identified with immunohistochemistry for caspase-3 expression, electron
microscopy for ultrastructural cellular morphology, and RT-PCR for elevated expression of the pro-apoptotic genes Fas, FasL, p75, p53, Bax, caspase-3 and CAD.
Time course studies with a single instillation of SG (500 µg/kg bw) indicated that
maximum atrophy of the olfactory epithelium occurred at 3 days post instillation
(PI). SG also induced an acute, neutrophilic rhinitis with mucus hypersecretion in
the nasal airways as early as 24 h PI. Elevated expression of the proinflammatory cytokines TNF-α, IL-6, IL-1 and the chemokine MIP-2 expression were detected at
24 h PI in both the ethmoid turbinates of the nasal airways and in the adjacent olfactory bulb (OB) of the brain. Marked atrophy of the olfactory nerve and
glomerular layers of the OB was also detectable by 7 days PI along a mild neutrophilic encephalitis. These findings raise significant new questions about potential health effects of exposure to satratoxins and Stachybotrys in the indoor air of
water-damaged buildings.
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RESPIRATORY TRACT TOXICITY OF DIACETYL IN
C57BL/6 MICE

D. L. Morgan1, G. Flake2, P. J. Kirby1, L. T. Burka3, S. R. Kleeberger4, S.
Garantziotis4, D. R. Germolec5 and S. M. Palmer4. 1Molecular Toxicology, NIEHS,
Research Triangle Park, NC, 2Experimental Pathology, NIEHS, Research Triangle
Park, NC, 3Pharmacology and Chemistry, NIEHS, Research Triangle Park, NC,
4
Respiratory Biology, NIEHS, Research Triangle Park, NC and 5Environmental
Immunology, NIEHS, Research Triangle Park, NC.
Inhalation of butter flavoring vapors containing 2,3-butanedione (diacetyl, DA)
caused an unusually high incidence of obliterative bronchiolitis (OB) in employees
at a microwave popcorn plant. Animal studies are being conducted to provide information needed to help establish safe worker exposure levels. The potential use of
DA as a model of chemical-induced OB is also being evaluated. Male C57BL/6
mice were exposed by inhalation to 200 or 400 ppm DA 6 hr/day for 5 days. 400
ppm caused deaths and acute necrotizing rhinitis, laryngitis and bronchitis (proximal large bronchi). Exposure to 200 ppm caused a few deaths and acute necrotizing
rhinitis and erosive or necrotizing laryngitis in all mice. There were no lung or
bronchiolar lesions in the DA exposed mice. To reduce the nasal cavity toxicity the
daily exposure duration was reduced to 1 hr/day, 5 days/week and the study duration increased to 4 weeks (100, 200, 400 ppm). Chronic bronchitis, laryngitis, and
rhinitis were present after 2 and 4 weeks of exposure. The lesion severity was concentration related and ranged from minimal to moderate. Because of the sensitivity
of the nasal cavity to inhaled DA, mice (5/group) were administered 100, 200, or
400 mg/kg DA by oropharyngeal aspiration. Two mice in the 400 mg/kg group
died 2 days after aspiration. On day 4 after aspiration of 400 mg/kg, foci of fibrosis
without inflammation were present at the junction of the terminal bronchiole and
alveolar duct in all 3 remaining mice. Similar lesions with mild inflammation were
noted in 1/5 mice treated with 200 mg/kg. Although the histological appearance of
these lesions is not identical to OB these lesions may progress to OB with continued exposure. In addition to longer exposure durations other DA exposure routes
and exposure regimens are being evaluated.

1030

IRRITANT-INDUCED STIMULATION OF NASAL
TRIGEMINAL NERVES VIA PURINERGIC SIGNALING
PATHWAYS

R. Vaughan, M. Lanosa and J. B. Morris. Toxicology Program, Department . of
Pharmaceutical Sciences, University. of Connecticut, Storrs, CT.
The receptor-based mechanisms through which irritant air pollutants stimulate respiratory tract sensory nerves are not known. In many organs sensory nerves are
stimulated via release of purinergic mediators from epithelial cells. The current
study was aimed at determining if similar signaling pathways exist in the respiratory
tract. ATP and adenosine aerosols stimulated the sensory irritation response in the
female C57Bl/6J mouse during brief (15 minute) exposure, indicating functional
purinergic pathways for trigeminal nerve activation were present. Large dose capsaicin pretreatment exerted no effect on the sensory irritation response to adenosine
aerosol indicating it stimulated capsaicin-insensitive, presumably Adelta, nerves.
The response to adenosine aerosol was diminished by the general adenosine receptor antagonist theophylline and the A1-selective antagonist dipropylcyclopentylxanthine. The sensory irritation responses to both styrene and ethyl acetate vapors
were partially diminished in capsaicin pretreated mice, indicating these vapors stimulated both capsaicin-sensitive and -insensitive nerves. Theophylline also partially
diminished the sensory irritation responses to both irritants suggesting that activation of capsaicin-insensitive nerves by these vapors may occur via adenosine signaling. The time course of the effects of theophylline differed between vapors. The response to ethyl acetate in theophylline pretreated mice was reduced only in the first
few minutes of exposure, whereas the response to styrene was diminished throughout the entire 15 minute exposure in the pretreated mice. In summary, the nasal
sensory irritation response can be induced by purinergic signaling pathways and
adenosine-signaling may play a role in initiating this response to irritant vapors.

1031

A COMPARISON OF EXPOSURE-RESPONSE FOR
CAPSAICIN, N-VANILLYLNONANOAMIDE, OR
OLEORESIN CAPSICUM AEROSOL INDUCED SENSORY
IRRITATION

D. A. McCaskey1, R. L. Kristovich2, J. C. Carpin1, P. A. Dabisch1, A. S.
Howard2 and E. C. Kimmel2. 1Operational Toxicology, Edgewood Chemical and
Biological Center, Aberdeen Proving Ground, MD and 2Operational Toxicology, GeoCenters, Inc., Aberdeen Proving Ground, MD.
Dose (approximated by exposure concentration) of three candidate, capsaicinoid
riot control agents (RCAs); Capsaicin, N-Vanillylnonanoamide (PAVA – synthetic
capsaicin), or Oleoresin Capsicum (OC – a mixture of capsaicin analogs) aerosols
required to elicit sensory irritation (SI) in mice was compared. SI was defined as a
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50% reduction (RD50) of breathing frequency measured by plethysmography during exposure. For each of the RCAs 8 exposure groups and one control group of 6
animals each were exposed nose-only for 10 minutes. Concentrations ranged from
0.79 -10.28, 0.11 – 14.5, 0.38 – 25.25 mg/m3 of Capsaicin, PAVA, or OC respectively. Aerosol particle size ranged from 3.0 to 3.4 microns MMAD with an average
sigma g of 1.3. Comprehensive data analysis is in progress, however initial analysis
indicates that there was not a significant difference in SI potency between natural
Capsaicin and it’s synthetic analog PAVA with RD50 concentrations of approximately 4.3 and 3.6 mg/m3, respectively. Both Capsaicin and PAVA were significantly more potent than OC, which had an RD50 of approximately 9.6 mg/m3.
Reduction of breathing frequency was immediate at onset of exposure for all exposure concentrations. However, some animals developed tolerance to exposure even
at the highest concentrations and recovery to baseline breathing frequency was observed during exposure. There appeared to be no difference among the RCAs with
respect to the development of tolerance. Other breathing pattern parameters such
as enhanced pause (Penh) and mid-expiratory flow (EF50), which are thought to be
indicative of airway irritation and constriction, were examined and are discussed.
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THE INFLUENCE OF PARTICLE SIZE ON NVANILLYLNONANOAMIDE (PAVA) AEROSOL INDUCED
SENSORY IRRITATION

E. C. Kimmel1, R. L. Kristovich1, D. A. McCaskey2, A. S. Howard1, J. C.
Carpin2 and P. A. Dabisch2. 1Operational Toxicology, Geo-Centers, Inc., Aberdeen
Proving Ground, MD and 2Operational Toxicology, Edgewood Chemical and
Biological Center, Aberdeen Proving Ground, MD.
Dose (approximated by exposure concentration x time x minute ventilation x extrathoracic deposition efficiency) of N-Vanillylnonanoamide (PAVA) aerosols eliciting sensory irritation (SI) in mice was shown to vary as a function of particle size. SI
defined as a 50% reduction of breathing frequency (RD50) was measured during
exposure. Aerosol size distributions studied had average mass median aerodynamic
diameters (MMAD) of 0.8, 1.6, and 3.2 microns and geometric standard deviations averaging 1.7 for the smaller particles and 1.3 for the mid-size and large particles. Six to eight groups of 6 animals each per particle size were exposed to PAVA
concentrations ranging from 0.22 to 26.4, 0.23 to 21.0, and 0.11 to 14.5 mg/m3
for 0.8, 1.6, and 3.2 micron MMAD aerosols, respectively. Preliminary data analysis shows a significant effect of particle size on PAVA aerosol potency. RD50 concentration for the 0.8 micron particles was estimated to be between 18.0 and 26.4
mg/m3 while that of the 3.2 micron particles was approximately 3.6 mg/m3. 1.6
mm particles had an RD50 concentration between 7 and 12 mg/m3. Response to
medium and large PAVA particles was immediate; whereas, response to small PAVA
particles was delayed in some animals regardless of exposure concentration. The incidence of animals demonstrating the development of tolerance PAVA during exposure also appeared to be a function of particle size, with higher incidence of recovery to baseline breathing frequency occurring in animals exposed to small particles.
Breathing pattern, derived indices of airway constriction also were measured and
are discussed.
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ASSESSMENT OF THE OCULAR IRRITANCY OF
OLEORESIN CAPSICUM (OC) AND RELATED
CAPSAICINOIDS IN GUINEA PIGS

R. L. Kristovich1, P. Dabisch1, M. Horsman2, D. McCaskey1, A. Howard2, E.
Kimmel2, R. Mioduszewski1 and S. Thomson1. 1Edgewood Chemical Biological
Center, US Army, Aberdeen Proving Ground, MD and 2Geo-Centers, Inc., Aberdeen
Proving Ground, MD.
Oleoresin capsicum (OC) and related capsaicinoids are commonly used riot control
agents (RCAs). However, a number of data-gaps regarding the ocular and respiratory effects of these compounds remain. The present study investigated the ocular
and respiratory irritancy potential of three different capsaicinoids – OC, capsaicin,
and nonivamide. Adult male Duncan Hartley guinea pigs were exposed to a range
of concentrations (0.3 – 5.0 ug/L) of aerosolized compound (MMAD = 3 um).
Each exposure lasted 5 minutes. Blink frequency and respiratory rate were monitored as measures of ocular and respiratory irritancy, respectively. Blink frequency
increased with increasing doses of each compound. However, the blink frequency
gradually decreased over the course of each exposure, suggesting the development
of tolerance to the irritant effects. The mechanism of tolerance could not be determined from the present data, but may be due to depletion of substance P containing neurons or decreased agent contact due to increased lacrimation. Tearing and
increased upper respiratory discharge were also evident at higher doses. Ocular effects were seen at agent concentrations where no respiratory effect was observed.
No alterations in respiratory rate were observed at any concentration investigated.

1034

THE EFFECT OF DRY CARRIER DELIVERY ON THE
EFFICACY AND PULMONARY EFFECTS OF
“SYNTHETIC CAPSAICIN”

J. C. Carpin1, D. McCaskey1, E. Davis1, E. Kimmel2 and P. Dabisch1.
1
Operational Toxicology, Edgewood CB Center, Aberdeen Proving Ground, MD and
2
SAIC, Abington, MD.
Capsaicinoids, the active components in “pepper sprays”, have been increasingly
used by law enforcement and the military over conventional riot control agents
(RCAs) during the past decade. Nonivamide, also known as “synthetic capsaicin”,
ranks highly as a potential RCA. Recently, a number of dry carrier and solvent
based delivery methods have evolved for these chemicals. Each method has its own
potential application niche, however, little comparative data exists on the relative
efficacy of the various delivery methods. This study is designed to examine the effect of dry carrier dissemination on the irritancy potential and respiratory effects of
nonivamide using a standardized RD50 irritancy bioassay. The RD50 is defined as
the concentration of irritant that leads to a 50% reduction in breathing frequency
below baseline levels in the Swiss Webster mouse model. Nonivamide was loaded
onto an amorphous silica powder (syloid 244) at a weight ratio of 1:1 and disseminated as a dry dust over a range of challenge concentrations using a special powder
dispersion system. Exposure concentrations were assessed by both real time aerosol
monitor and high performance liquid chromatography (HPLC) analysis of chamber filter samples. In general, the results show that exposure to nonivamide leads to
a complex alteration of normal breathing patterns indicative of both a rapid upper
airway and a more delayed lower airway irritation component. The resulting RD50
concentration obtained for nonivamide on syloid carrier is about 15 mg/m3 which
is in reasonably good agreement with the previously published literature values obtained via laboratory scale liquid dissemination testing.

1035

ACUTE EFFECTS OF VX INHALATION ON
BRONCHOALVEOLAR LAVAGE FLUID
BUTYRYLCHOLINESTERASE AND LUNG INJURY IN
GUINEA PIGS

J. P. Graham1, M. P. Nambiar1, 3, P. E. Rezk1, T. E. Moran2 and A. M. Sciuto2.
1
Biochemical Pharmacology, Walter Reed Army Institute of Research, Silver Spring,
MD, 2Medical/Analytical Toxicology, USAMRICD, Edgewood, MD and 3Medicine,
USUHS, Bethesda, MD.
Toxic effects of chemical warfare nerve agents (CWNA) to the respiratory tract have
not been well defined. In this study, we used a micro-instillation technique of inhalation exposure to assess lung injury following exposure to the nerve agent VX.
Guinea pigs were gently intubated, and then a micro-catheter was inserted to
aerosolize X (saline, 0.7 or 0.9 LD50) at 2.5 cm above the tracheal bifurcation.
After a 5 or 10 minute exposure of VX and a 15 minute air-wash, the animals were
euthanized and bronchoalveolar lavage (BAL) collected using oxygen free saline.
The BAL was centrifuged and separated into BAL fluid (BALF) and BAL cells. The
BALF was assayed for the levels of two specific enzymes, acetylcholinesterase
(AChE) and butyrylcholinesterase (BChE). Treatment of the saline exposed animal’s BALF with huperzine A, a specific inhibitor of AChE, showed that a minor
fraction of total BALF cholinesterase (<10%) is acetylcholinesterase. On the other
hand, treatment with a specific inhibitor of BChE, tetraisopropylamidopyrophosphate (ISO-OMPA), inhibited approximately 90% of the ChE activity, indicating
BChE is the major ChE found in BALF. Combined treatment with huperzine A
and ISO-OMPA indicated very low levels of carboxylesterase or other non-specific
esterases in guinea pig BALF. In VX-exposed animals, BALF BChE activity decreased in a dose/time-dependent manner. In contrast, BALF BChE increased 24
hr after VX exposure due to air/blood barrier damage and leakage of plasma. These
data suggests that following acute VX exposure, there is latency for the development of lung injury.
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THE CYTOTOXICOLOGICAL EFFECTS AND
INFLAMMATORY RESPONSE OF MULTIPLE LUNG
CELL LINES TO JET FUEL

R. H. Casavant, M. Varney, H. Boeckman, A. Linger and D. Courson. Naval
Health Research Center Environmental Health Effects Laboratory, Wright-Patterson
AFB, OH. Sponsor: E. Wilfong.
Each year more than a million military and civilian personnel are occupationally exposed to jet fuel in the United States. A variety of adverse health effects on pulmonary, neurological, and immune function have been reported following exposure
to fuel vapors and aerosols. Many of the reported pulmonary effects are similar to
those produced by endotoxin (lipopolysaccharide, LPS), which is a common contaminant in commercial and military fuel stores. The purpose of this investigation
was to determine the cytotoxic effects and cytokine expression on rat pulmonary
alveolar macrophages (PAMs), fibroblasts (Fib), and epithelial cells (Epi) following

jet fuel exposure. Cells were exposed for 4 and 24 hours to jet-A (v/v), the commercial jet fuel blend, LPS, and a combination of jet-A+LPS. Cytotoxicity was
measured using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT), lactate dehydrogenase (LDH), and glutathione (GSH) assays, and IL-1β,
IL-6 and TNF-α cytokine expression measured the inflammatory response. All
three cell types exhibited signs of toxicity following a 24hr jet-A exposure; the relative sensitivities were as follows: Epi > PAM > Fib with PAM LD50 of 0.3% jet-A,
Fib LD50 of 0.1% jet-A, and Epi LD50 of 0.5% jet-A. The cytotoxicological effects of jet-A+LPS were additive in PAMs and antagonistic in both the Fib and Epi.
TNF-α was also significantly increased in PAMs following a 24hr jet-A+LPS exposure, while jet-A only produced a minor increase in TNF-α relative to controls.
These results suggest that inhalation of jet-A may cause significant pulmonary toxicity, which may be exacerbated by the presence of microbial contaminants.
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CHARACTERIZATION OF BIOCHEMICAL, CELLULAR,
AND PHYSIOLOGICAL CHANGES FOLLOWING
INTRATRACHEAL ADMINISTRATION OF
FLUORESCEIN ISOTHIOCYANATE TO THE RAT LUNG

B. Vuillemenot, T. Sweeney, R. Wolff, J. Pfeiffer, C. Sylvia, Y. Liang, D.
Lechuga and G. Lalonde. Life Sciences, Nektar Therapeutics, San Carlos, CA.
Evaluation of the inflammatory properties of novel formulations is an important
step in drug development since inflammation may be an early signal of toxicity.
Here we report on the characterization of the time course of an intratracheal (IT)
administration of fluorescein isothiocyanate (FITC) previously shown to cause interstitial lung disease in the rat. This model was chosen in order to define biochemical, cellular, and physiological markers of lung inflammation to be used in the toxicological evaluation of novel compounds and formulations. Rats weighing between
250 and 300 g were administered a single 300 µl IT dose of either 2 mg/ml (w/v)
FITC suspension in PBS or PBS vehicle. Bronchoalveolar lavage (BAL) was performed, whole blood and serum collected, and lungs formalin-fixed at various time
points ranging from 3 hours to 28 days after exposure. Single chamber plethysmography was performed on rats 15 and 25 days after FITC instillation to assess lung
function. FITC-exposed rats showed a predominantly neutrophilic inflammatory
infiltrate in the lung that peaked at 24 hours and returned to baseline within 7 days.
BAL fluid from FITC-exposed rats contained approximately 10-fold higher protein
levels after 24 hours than that from PBS controls. Protein levels returned to baseline
within 7 days. Selected proinflammatory cytokines and chemokines were measured
in BAL fluid. IL-13 and MIP-2 expression were increased in BAL fluid from FITCexposed rats but no changes were seen for IL-1β or TNF-α. Lung pathology was
predominantly located in the left lobe. Histology showed acute inflammation including neutrophilic infiltrates peaking at 3 days and resolving gradually. At 28
days, histology revealed localized destruction of alveolar walls and remodeling of
the lung architecture in affected lobes. This study has delineated the inflammatory
pattern and its resolution after IT administration of FITC, and will enable identification of biomarkers for lung toxicity.

1038

DICHOTOMOUS EFFECT OF AEROSOLIZED
HYALURONAN IN A HAMSTER MODEL OF
ENDOTOXIN-INDUCED LUNG INJURY

P. P. Nadkarni, G. S. Kulkarni, J. M. Cerreta and J. O. Cantor. Pharmacy and
Allied Health Professions, St John’s University, New York, NY. Sponsor: L. Trombetta.
Inhalation of aerosolized low-molecular weight (150 kDa) hyaluronan (HA) was
previously shown by this laboratory to prevent experimentally induced pulmonary
emphysema without toxic side effects. However, other investigators have found that
low-molecular weight HA may be proinflammatory, prompting the current effort
to determine whether aerosolized HA can enhance inflammation in a model of pulmonary disease other than emphysema. Using a hamster model of endotoxin-induced lung injury, the effects of aerosolized HA were tested on the acute inflammatory response. Syrian hamsters were exposed via nebulization to a 0.1% solution of
150 kDa HA in water for 2 hours, either immediately before or after intratracheal
instillation of 0.1 mg E.coli endotoxin (controls received endotoxin alone).
Animals were then euthanized over a 24-hr period to determine the extent of the
acute inflammatory response. The results indicate that post-treatment with HA significantly enhanced endotoxin-induced inflammation whereas pretreatment had
the opposite effect. This dichotomous response was reflected by the following measurements performed on the post-treatment, endotoxin only, and pretreatment
groups respectively, 4 hrs after endotoxin instillation: 1) lung inflammation graded
on a scale of 0-4 (3.5 vs 2.6 vs 0.5), 2) percentage of broncho-alveolar lavage fluid
(BALF) neutrophils (90 vs 4 vs 6), 3) percentage of TNFR1-labeled BALF
macrophages (69 vs 31 vs 10) and 4) apoptotic cells per high-power (400x) microscopic field in the lung interstitium (2.3 vs 1.1 vs 0.5). The fact that aerosolized HA
stimulates the inflammatory response only when given after induction of endotoxin
injury suggests that it may specifically interact with activated inflammatory cells
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(e.g. macrophages) that recruit neutrophils to the lung. Furthermore, the attachment of HA to neutrophils migrating to the lung may reduce their adhesion to the
extracellular matrix and facilitate their influx into alveolar spaces.
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MOUSE STRAIN DIFFERENCES IN BERYLLIUM
HYPERSENSITIVITY
L. M. Tarantino1, S. S. Tinkle2 and T. Gordon1. 1Environmental Medicine, NYU
School of Medicine, Tuxedo, NY and 2NIEHS, Research Triangle Park, NC.
Due to its unique physico-chemical properties, beryllium (Be) is an indispensable
metal for many national defense programs in aerospace, electronics, and weaponry.
Exposure to beryllium is an occupational hazard that can cause chronic beryllium
disease (CBD), an irreversible, debilitating granulomatous lung disease, in as many
as 3-5% of exposed workers. CBD begins as an MHC Class II-restricted, Th1 hypersensitivity, and the Human Leukocyte Antigen, HLA-DPB1 E69, is associated
with risk of developing CBD. Previously, we found that mice with the human
HLA-DPB1*1701 transgene, which in humans is correlated with increased risk of
development of CBD, had an increased hypersensitivity response over their control
counterparts. We employed the mouse ear swelling test to determine if different inbred mouse strains (AKR, Balb/c, C3H/HeJ, C57/BL6, DBA/2, FVB/N and
SJL/J) would display varying hypersensitivity responses to beryllium. In two separate experiments, mice were placed into either group: control/control (skin sensitized with vehicle and challenged with vehicle) or Be/Be (skin sensitized with beryllium sulfate and challenged with beryllium sulfate). Beryllium sensitized and
challenged Balb/c, C57/BL6, DBA/2, and SJL/J strains had significant (p<0.001)
ear swelling over their control counterparts. The FVB/N and C3H/HeJ strains,
however, had small but not statistically significant increases in ear thickness. This
indicates that there may be genes that modulate the augmentation of the beryllium
hypersensitivity response by the HLA-DPB1 E69 genotype. Uncovering the genes
responsible for the hypersensitive phenotype in mice may prove useful in learning
more about the mechanisms involved in chronic beryllium disease.
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MATERNAL ALLERGIC PHENOTYPE IMPACTS
ALLERGIC RESPONSES OF OFFSPRING
R. Rouse1, A. Penn1, D. Paulsen2 and D. Horohov3. 1CBS, SVM, LSU, Baton
Rouge, LA, 2PBS, SVM, LSU, Baton Rouge, LA and 3Veterinary Sciences, University
of Kentucky, Lexington, KY.
Epidemiological evidence supports non-genetic maternal influence on allergy development in offspring. Using established mouse allergy/asthma models, we tested
the hypothesis that maternal allergic phenotype impacts the development of allergic
responses in offspring. Four maternal cohorts were established. 1) AllergicOvalbumin (OVA) in alum injected intraperitoneally (IP); 2) Tolerant- OVA
aerosol exposure; 3) Procedural controls-IP/aerosol saline treatments 4) Naïve controls no treatments. Subsequently, allergic, tolerant and procedural control phenotype dams received 10-day OVA or saline aerosol during gestation (naïve controls
were not treated). Dams and litters of all groups were sampled at term (19-21 days
of gestation) and at weaning. One half of the remaining offspring from all groups
received 10 days of OVA aerosol at 4-5 weeks of age. Half of these animals were
sampled at 6 weeks of age. Previously unexposed offspring and the remaining exposed offspring received OVA aerosol at 10-11 weeks of age. Offspring were sampled at 12 weeks of age. Three maternal phenotypes were identified (no significant
differences between control and naïve dams). Immune and inflammatory characteristics of the established maternal phenotypes persisted unchanged through time,
repetitive challenges, and multiple pregnancies. Offspring demonstrated no differences related to gender or number of exposures. Offspring from allergic dams produced significantly higher levels of OVA-specific IgG1 and IgG2a isotypes compared to offspring of tolerant, control, and naïve dams. IgE levels and inflammatory
histopathology tended to be more pronounced in offspring of tolerant, control, or
naïve dams than in the offspring of allergic dams. Thus, maternal allergic phenotype influences development of allergic responses in offspring.
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MORPHOMETRIC CHARACTERIZATION OF
INFLUENZA-INDUCED EPITHELIAL INJURY,
REGENERATION, AND MUCOUS CELL METAPLASIA
WITH CORRELATION TO INFLAMMATORY CELL
INFILTRATE IN THE PULMONARY AIRWAYS OF
C57BL/6J MICE
J. Buchweitz1, 3, J. Harkema2, 3 and N. Kaminski1, 3. 1Pharmacology and Toxicology,
Michigan State University, East lansing, MI, 2Pathobiology and Diagnostic
Investigation, Michigan State University, East lansing, MI and 3Center for Integrative
Toxicology, Michigan State University, East lansing, MI.
The present study was designed to determine the kinetics of airway epithelial injury
and remodeling in the pulmonary airways of C57BL/6J mice after infection with
influenza virus A/PR/8/34 (PR8). Mice were intranasally instilled with 50 plaque
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forming units (pfu) of virus or its respective vehicle, saline. Animals were sacrificed
at 3, 7, 10, 15, or 21 days post-infection (DPI). Lungs were lavaged with saline to
collect bronchoalveolar lavage fluid (BALF), then formalin fixed for immunohistochemical analysis. Total and differential cell counts were performed on the BALF.
Peak inflammatory cell infiltrates occurred at 10 DPI. The early inflammatory response was marked by the presence of neutrophils at 3 and 7 DPI with an adaptive
immune response consisting of lymphocytes at 7,10, and 15 DPI. Using image
analysis and standard morphometric techniques, airway epithelial cell densities and
volume densities of intraepithelial mucosubstances (Vs) were determined at generation 5 of the left lung lobe. Influenza treatment resulted in significant airway epithelial cell apoptosis (Caspase-3 + staining) at 7 DPI, with regeneration (PCNA +
staining) at 10 DPI. Viral-induced mucous cell metaplasia (MCM) was evident at
10, 15, and 21 DPI. The results of this study indicate that the onset of MCM immediately follows viral-induced apoptosis and occurs during and after regeneration
of airway epithelium. The role of neutrophil and lymphocyte-derived inflammatory
mediators in the development of viral-induced MCM is yet to be determined. In
addition, these studies serve as a starting point from which to ascertain the role of
immune suppressive compounds such as delta9-tetrahydrocannbinol in mediating
the clearance of PR8 and modulating epithelial changes. (Supported by The MSU
Foundation NIH grant DA07908).
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PRE-EXPOSURE TO ZYMOSAN ENHANCES LUNG
DEFENSE MECHANISMS AND ACCELERATES THE
PULMONARY CLEARANCE OF A BACTERIAL
PATHOGEN IN RATS

S. Young, J. R. Roberts and J. M. Antonini. NIOSH, Morgantown, WV.
Although bacteria and fungi are common etiological agents which are known to induce pulmonary inflammation, complicated interactions may exist when the lungs
are exposed to both concurrently. The objective of the present investigation was to
determine the effects of pre-exposure to zymosan (a 1->3-β-glucan from baker
yeast) on bacterial (Listeria monocytogenes) infection in male Sprague-Dawley rats.
On day 0, rats received a single dose of zymosan A (2.5 mg/kg body weight) via intratracheal instillation or vehicle control (saline). On day 3, rats were intratracheally
inoculated with 5x105 bacteria, and bacterial clearance was determined by measuring colony-forming units cultured from the left lungs. Rats were euthanized on
days 6, 8, and 10, and bronchoalveolar lavage (BAL) was performed on the right
lungs. Inflammation and lung injury were assessed by measuring (1) neutrophil
(PMN) infiltration and (2) albumin, total protein and lactate dehydrogenase levels
in BAL fluid. Alveolar macrophage activation was determined by chemiluminescence. Immune response was assessed by immunophenotyping of lymphocytes and
lymphokine production. Immunophenotyping was performed on BAL cells and
lung-associated lymph node cells. Lymphokine production was measured using
lymph node cells treated with or without concanavalin A stimulation. Zymosan
pre-exposure accelerated the clearance of the bacteria from the lungs compared to
the control group. Zymosan-treated rats also had a smaller PMN infiltration in the
lung compared to control, however, a greater number of lymphocytes was present
in lymph nodes of the rats. Lung injury parameters were lower in zymosan-treated
rats at days 6 and 8. Activation of macrophages recovered from zymosan-treated
rats was elevated at day 6 compared to control. These results strongly suggest that
pre-exposure to zymosan enhances the lung immune response and attenuates pulmonary infection in rats.

1043

RADIATION-INDUCED PULMONARY FIBROSIS:
EFFECT OF THE COMBINED ACTION OF EXTERNAL
RADIATION AND CERIUM-144 ON THE
DEVELOPMENT OF FIBROUS PROCESS IN THE RATS
LUNG

Z. D. Paskalev1 and D. B. Apostolova2. 1Radiotoxicology, National Center of
Radiobiology and Radiation Protection, Sofia, Bulgaria and 2Occupational Toxicology,
Clinic of Occupational Diseases, Medical University, Sofia, Bulgaria. Sponsor: Z.
Paskalev.
The biological effects of combined action of inhaled beta-particle-emitting radionuclides and external radiation are not well known. The nonneoplastic diseases
induced by an inhaled, relatively insoluble form of cerium-144, are related with the
development of fibrous process. Fibrosis is the formation or development of excess
fibrous connective tissue in an organ or tissue as a reparative or reactive process, as
opposed to formation of fibrous tissue as a normal constituent of an organ or tissue.
Pulmonary fibrosis has unusual amino acid composition. It contents large amounts
of proline, as well as two amino acids hydroxyproline and hydroxylisine. An investigation was carried out on the effect of the combined action with gamma-rays and
incorporation of cerium-144 on the development of fibrous process in the lungs of
rats. One dose external radiation and 3 different activities Ce-144 were applied. In
the first step of the present experiment adult male Wistar rats (30/group) were

treated with cerium-144 in activity 1,85 kBq/g (I group), 9,25 kBq/g (II group),
18,5 kBq/g (III group). In the second step all groups were external irradiated with
gamma-ray in doses 105 cGy/kg. On the 15th day, and 1st,2nd,3rd,6th and 9th
months were determined proline, hydroxyproline, and hexosamine in the dry rats
lung. The absorbed dose in the rats lung after incorporated 144-Ce in activity 185
kBq/g on the 3rd months was 36 Gy. The results show that the combination of 105
cGy/kg external radiation and 70 Gy internal dose generated in lung for 9th
months (from Ce-144) give the additive fibrous effect. From the experimental data
obtained one draw the conclusion that the pathological effect from the combination of both radiation factors may become grave in doses causing approximately
equal biological changes.
Acknowledgements: We thank colleagues Cr.Lalova and G.Kiradjiev for their support in biochemical analyses.
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TIME COURSE OF LUNG RESPONSE IN THE MOUSE
TO PANCREATIC ELASTASE

E. N. Potts, J. A. Voynow and W. M. Foster. Duke University Medical Center,
Durham, NC.
Treatment of the lung with elastase, a serine protease, leads to inflammation and
mucous cell metaplasia. The goal of this study was to determine if elastase has additional effects upon respiratory mechanics. Adult C57Bl/6 male mice (n=36) were
put into Control (0.9 % NaCl), Low (0.5 ug) and High (5.0 ug) dose mouse pancreatic elastase (mPE) groups. Treatment was delivered by oro-pharyngeal aspiration on days 1 and 4, and total lung resistance (low-frequency forced oscillation
technique) was monitored on days 8 or 11. Additional mice (n=20) were euthanized on days 8 or 11, followed by tracheal catheterization and collection of alveolar lavage (BAL).
Results: mPE treatment led to lung inflammation by day 8 as evidenced by cellularity of BAL (20,000 cells/ml on average in Control group vs. 108,000 cells/ml in
High dose mPE; and a neutrophil (PMNs) influx of <500 PMN/ml in Control
group vs. 105,000 PMN/ml in High mPE). At day 8 lung inflammation was increased by Low dose mPE, but to a lesser degree than found in High dose mice. By
day 11, cellularity and inflammation had begun to ebb: BAL cells/ml and PMN/ml
were still elevated for Low and High mPE, but had decreased on average to approximately 75% and 55%, respectively, of the day 8 values. Airway reactivity, indexed
as total lung resistance to an IV methacholine (Mch) challenge, was increased after
mPE: for Control group (n=12) the average total lung resistance (RTa) increased
above baseline by 48% in response to the highest dose of Mch, whereas RTa had increased by 83% and 99% after High mPE on days 8 and 11. Low mPE also altered
Mch sensitivity as RTa increased above baseline by 53% and 60% on days 8 and 11.
Conclusion: exogenous delivery of mPE to the lower respiratory tract in the mouse
leads to a dose-related inflammatory response (BAL cellularity and influx of PMNs)
and enhances airway reactivity to Mch. Interdependence among phenotypic airway
responses to elastase, i.e., inflammation, reactivity to Mch, and epithelial remodeling, is unclear at this point and requires further investigation. Supported by NIH:
HL 62641, HL 65611, and ES011961.

1045

INFLUENCE OF PARTICLE SHAPE ON SILICA
TOXICITY IN VITRO: IMPACT OF SIMULATED LUNG
MECHANICS, SURFACE TREATMENT, AND
AGGREGATION

S. C. Brown1, M. A. Kamal2, N. Nasreen2, V. B. Antony2 and B. M. Moudgil1.
Materials Science and Engineering, and Particle Engineering Research Center,
University of Florida, Gainesville, FL and 2Department of Medicine, University of
Florida, Gainesville, FL. Sponsor: S. Roberts.
1

We have synthesized spherical and rod-shaped amorphous silica particles of equivalent radii (50nm and 100nm) to determine the influence of simulated lung mechanics on shape-dependent particle toxicity. Human pleural mesothelial cells
(MET-5A) were subjected to cyclic stretch at 5% elongation to simulate normal
lung mechanics. Cell cultures were exposed to spheres and rods at equal surface area
dosages. To modulate cell-particle interactions, spheres and rods were treated with
fibronectin and polyethylene glycol (PEG) to enhance and mitigate particle-cell adhesion, respectively. Cell membrane integrity was monitored by lactate dehydrogenase (LDH) release, and inflammatory response was analyzed using an Interleukin8 (IL-8) ELISA. Min-U-Sil quartz was used as a positive control in this study.
Results indicate that native particle cytotoxicity and IL-8 release are mildly enhanced in the presence of cyclical stretch regardless of particle shape. PEG surface
modification inhibited this effect, indicating that it is driven by particle-cell adhesion. No significant deviation in LDH or IL-8 release was noted for silica spheres
versus rods; however, it was evident that these two materials have significantly different aggregation potentials. Silica nanorods were observed to form ‘super-cluster’
aggregates much larger than the size of the cells and orders in magnitude larger than
those formed by the spheres. This implies that the effective dosages available for cel-

lular interaction and uptake may have been largely different for the spheres versus
rods. The influence of aggregation on effective dosage was evaluated using dispesed
and hard-aggregated sub-micron sized fractions of Min-U-Sil 5 quartz particles.
The aggregated particles resulted in lower cytotoxicity. These results indicate that
shape-dependant deviations in particle aggregation need to be accounted for in
comparative particle dosimetry.
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DOES SANDBLASTED METAL ATTENUATE OR
ENHANCE THE TOXICITY OF SILICA SAND?

V. Robinson, V. Castranova, S. Leonard, M. Barger, D. Pack, G. Feather and V.
Vallyathan. HELD, NIOSH, Morgantown, WV.
It is well known that freshly fractured silica sand resulting from sandblasting operations causes pulmonary toxicity and inflammation. However, it is unclear what
contribution, if any, the material that is blasted may have upon the toxicity of silica
sand. Two alternative hypotheses were proposed: 1) that the addition of freshly fractured metals, such as iron, would make the metal/sand mix more potent via the
Fenton reaction, or 2) that metal, such as aluminum, would coat the silica particles,
mask reactive sites on the silica surface and attenuate the toxicity. In this study,
plates of several pure metals (iron, aluminum, copper, tungsten, titanium,
chromium, tin or nickel) were blasted with silica sand using an automated sandblasting apparatus. The resulting aerosolized silica sand/metal dust mixture was collected on filters, then characterized by ESR, chemical analysis and microscopy.
Additional samples of the dust (1.0 mg) were instilled intratracheally into Sprague
Dawley rats, followed by lavage at either one or three days post instillation. The resulting studies of inflammatory indices indicate that the addition of metal does not
make the dust mix more toxic than the silica sand alone, rather, toxicity is depressed.
The findings and conclusions in this report (abstract/presentation) have not been
formally disseminated by NIOSH and should not be construed to represent any
agency determination or policy.
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REPEATED INHALATION TOXICITY OF SYNTHETIC
AMORPHOUS SILICAS IN RATS: EVALUATION OF
THEIR TOXICITY UP TO 3 MONTHS AFTER EXPOSURE

J. Arts, H. Muijser, E. Duistermaat, K. Junker and F. Kuper. Toxicology and
Applied Pharmacology, TNO Quality of Life, Zeist, Netherlands. Sponsor: A.
Nordone.
The inhalation toxicity of three synthetic amorphous silicas (SAS), precipitated silica Zeosil 45, silica gel Syloid 74, and pyrogenic silica Cab-O-Sil M5 was studied in
Wistar rats. Rats were exposed nose-only to 1, 5 or 25 mg/m3 of one of the SAS, 6
h/day for 5 days. Positive controls were exposed to 25 mg/m3 crystalline silica
(quartz dust), negative controls to clean air. Animals were necropsied the day after
the last exposure, or 1 or 3 months later. All exposures were tolerated without serious clinical effects, changes in body weight or food intake. Silicon levels in tracheobroncheal lymph nodes were below the detection limit in all groups. Silicon was
found in the lungs of all high concentration SAS groups after one day, and was
cleared 3 months post-exposure. Exposure to all three SAS at 25 mg/m3 induced elevations in biomarkers of cytoxicity in bronchoalveolar lavage fluid (BALf ), increases in lung and tracheobronchial lymph node weight, and histopathological
lung changes at 0 months. Exposure to 5 mg/m3 changes induced histopathological changes and changes in BALf only. With all three SAS these effects were transient and, with the exception of slight histopathological lung changes at the higher
exposure levels, were reversible during the 3-month recovery period. No adverse
changes were observed in animals exposed to 1 mg/m3 SAS.
In animals exposed to quartz, silicon was found in the lungs at comparable levels 0,
1 and 3 months post-exposure. Pulmonary changes differed significantly compared
to those induced by SAS, both with regard to the type and severity as well as in the
time-response profile. Effects were minimal at 0 months, present at 1 month, and
progressively more severe at 3 months. The results of the present study indicate that
lung clearance is a key factor in the development of silicosis.
This research is funded by CEFIC-ASASP, Brussels, Belgium.
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PATHOLOGICAL STUDY ON THE PULMONARY
TOXICITY INDUCED BY THE INTRATRACHEALLY
INSTILLED YELLOW SAND IN MICE

A. Shimada, O. Mina, K. Theerayuth, T. Morita and H. Inoue. Veterinary
Pathology, Tottori University, Tottori-shi, Japan.
The frequency and volume of yellow sand are increasing in Japan, resulting in one
of the air pollution related threats to human health. There are, however, few reports
on the pathological study of the pulmonary toxicity induced by yellow sand. In this
study, we examined inflammatory changes in the bronchoalveolar lavage fluids
(BALF) and lung tissues of mice intratracheally instilled with yellow sand.
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0.05ml of distilled water containing 200µg, 800µg and 3.0 mg of yellow sand (CJ1, General Science Corporation, Japan) were intratracheally instilled to ICR female
mice. Number of white blood cell counts in BALF taken at 2hrs after instillation
was elevated, but BALF taken at 24hrs after instillation did not show increase in
number of white blood cells. Increase of neutrophils and lymphocytes was observed
in BALF taken at 2hrs and 24hrs after instillation. The concentration of total protein was increased in BALF taken at 2hrs and 24hrs after instillation.
Histopathology demonstrated signs of acute inflammation with mild hemorrhage;
macrophages and neutrophils were the major inflammatory cells at 2 hrs and at 24
hrs after instillation, respectively. In addition, TUNEL positive findings and 8OHdG immunoreactivity were observed in the alveolar epithelial cells and
macrophages, respectively. These results suggest that yellow sand may induce acute
pulmonary inflammatory changes; the inflammation may be associated with DNA
damage by reactive oxygen species released from yellow sand particles.
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MAGNETIC NANOPARTICLES INHALATION TOXICITY
IN MICE

J. Kwon1, C. Song2, T. Yoon3, D. Kim4, J. Kim1, H. Moon1, K. Yu1, S. Park1,
Y. Kang5, K. Han6, D. Han5, M. Choi4, J. Lee3 and M. Cho1. 1Laboratory of
Toxicology, College of Veterinary Medicine, Seoul National University, Seoul, South
Korea, 2Aerosole Dynamics Laboratory, Gwangju Institute of Science and Technology,
Gwangju, South Korea, 3Materials Chemistry Laboratory, School of Chemistry, Seoul
National University, Seoul, South Korea, 4Nanotechnology & Thermal Processing
Laboratory, School of Mechanical and Aerospace Engineering, Seoul National
University, Seoul, South Korea, 5Seoul center, Korea Basic Science Institute, Seoul,
South Korea and 6Seoul Toxicology Laboratory, Seoul, South Korea.
Nanoparticles are found in a wide variety of industrial materials such as semiconductor, cosmetics, drug delivery carrier etc., and humans are frequently exposed to
them. However, the toxic effects of nanoparticles are not fully understood yet. In
this study, we assessed the toxicity of magnetic nanoparticles (MNP) in the ICR
mice exposed to MNP through inhalation in nose only exposure chamber. Male
and female mice were exposed to MNP for 4 hours/day, 5 days/week for 4 weeks at
the concentrations of 4x105 N/cm3 and 8x105 N/cm3, respectively. The changes
in the body weight, organ weight, hematological values and the results from magnetic resonance imaging (MRI) were evaluated after the exposure to MNP.
Evaluation of the results through clinical chemistry, confocal laser scanning microscopy (CLSM) and histopathological studies are underway. As a result of exposure to MNP, one male mouse in 4x105 N/cm3 group died during the exposure.
The body weight of male and female mice was significantly decreased in both
4x105 N/cm3 group and 8x105 N/cm3 group. The relative brain weight of male
mice significantly increased in both 4x105 N/cm3 group and 8x105 N/cm3 group
(p<0.05, p<0.01). Dark shade was more prominent in MRI images of the brains of
male mice in the 8x105 N/cm3 than that of male mice in 4x105 N/cm3 group.
Supported by KFDA and NSI-NCRC.

macrophage accumulation and evidence of early lung tissue thickening consistent
with the development of pulmonary fibrosis. Based on our results, the particulate
and long fiber preparations of M5 that were tested produced moderate pulmonary
inflammation, but substantially less active in terms of inflammation, cytotoxicity,
and fibrogenic effects than the silica-quartz particles.
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D. B. Warheit1, K. L. Reed1, J. D. Stonehuerner2, A. J. Ghio2 and T. R. Webb1.
1
DuPont Haskell Laboratory for Health and Environmental Sciences, Newark, DE
and 2USEPA, Chapel Hill, NC.
Using both in vivo (inhalation) and in vitro (cell culture) studies, we previously reported that p-aramid respirable fibers (RFP- defined as respirable-sized fiber-shaped
particulates) are biodegraded in lungs and lung cells of rats following exposures.
The current studies were undertaken to determine whether shortening mechanisms
of p-aramid RFP biodegradability are also operative in human lung cells.
Cultures of human A549 lung epithelial cells (A549), primary alveolar
macrophages (HBAL) (collected via bronchoalveolar lavage (BAL) from volunteers), and co-cultures (Co) of the A549 and HBAL were incubated with p-aramid
RFP for either 1-hr, 1-day, or 1-week to assess RFP shortening. Lengths of RFP
were measured using scanning electron microscopy (SEM) following fixation, digestion of culture tissue components, and processing. Similar to findings using rat
lung cells, only slight RFP shortening was measured in A549 cultures at 1-day and
1-week post-incubation. More importantly, in HBAL and Co groups, greater transverse cleavage of p-aramid RFP was measured at 1-day and 1-week postexposure
compared to 1- hr HBAL or Co groups, or in any A549 groups. In contrast, cellulose RFP, a biopersistent reference control fiber, were not measurably shortened
under similar circumstances.
Second, p-aramid RFP were incubated either with phosphate-buffered saline
(PBS), or acellular BAL fluids from human volunteers or rats and processed for
SEM analysis of RFP lengths. Mean lengths of p-aramid RFP incubated with
human or rat BAL fluids were substantially decreased compared to PBS.
Similar to our findings with rat lung cells, components of human lung fluids coat
and catalyze the p-aramid RFP as a prerequisite for subsequent enzymatic cleavage
by human phagocytic lung cells and this finding reinforces the concept that inhaled
p-aramid RFP are likely to be biodegradable in the lungs of humans.
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PULMONARY TOXICITY SCREENING STUDIES IN
MALE RATS WITH M5 RESPIRABLE FIBERS AND
PARTICULATES

D. B. Warheit, K. L. Reed and T. R. Webb. DuPont Haskell Laboratory for Health
and Environment Sciences, Newark, DE.
The aim of this study was to evaluate the acute lung toxicity of intratracheally instilled M5 respirable fibers and particulates in rats. The acute lung toxicity of intratracheally instilled M5 particulates and fibers were compared with a positive control particle-type, quartz, as well as a negative control particle-type, carbonyl iron
particles. The lungs of rats were intratracheally instilled with 0.5 or 0.75 mg/kg of
M5 particulate or 1 or 5 mg/kg of the following control or particle-types: 1) M5
long fiber preparation; 2) silica-quartz particles, 3) carbonyl iron particles.
Phosphate-buffered saline (PBS) instilled rats served as additional controls.
Following exposures, the lungs of PBS and particle-exposed rats were assessed both
using bronchoalveolar lavage (BAL) fluid biomarkers, cell proliferation methods,
and by histopathological evaluation of lung tissue at 24 hrs, 1 week, 1 month and 3
months post-instillation exposure.
Results demonstrated that lung exposures to quartz particles produced significant
increases vs. controls in pulmonary inflammation and cytotoxicity indices.
Exposures to M5 particulate and M5 long fiber preparation produced transient inflammatory and cell injury effects.
Histopathological analyses of lung tissues revealed that M5 particulate
and in particular, the M5 long fiber preparation produced some inflammatory responses, observed up to 1 week postexposure in the airways or proximal alveolar regions but were reversible at 1 and 3 months postexposure. In contrast, pulmonary
exposures to silica-quartz particles in rats produced a dose-dependent lung inflammatory response characterized by neutrophils and foamy (lipid-containing) alveolar
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BIODEGRADABILITY OF PARA-ARAMID RESPIRABLESIZED FIBER-SHAPED PARTICULATES (RFP) IN
HUMAN LUNG CELLS: VALIDATION OF IN VIVO FIBER
SHORTENING IN AN IN VITRO HUMAN CELLULAR
SYSTEM

TOXICOLOGIC ASSESSMENT OF INHALED ACICULAR
MULLITE

J. A. Hotchkiss, S. M. Krieger, S. A. Wallin and K. D. Nitschke. The Dow
Chemical Company, Midland, MI.
A critical step in product development is the need to assess the toxic potential (hazard) of the constituent components, in order to evaluate the risk to human health,
throughout the life cycle of the product. Dow Automotive has developed a diesel
particulate filter (DPF) composed of acicular mullite (ACM). Although few ACM
fibers are released from intact DPFs under operational conditions, ACM particles
and fibers may be generated during accidental destruction or intentional crushing
and recycling of DPFs at the end of their life cycle. Many factors including inherent
cellular toxicity, biopersistence, size, and aspect ratio can influence the physiologic
responses to inhaled particles and fibers. In vitro dissolution experiments were conducted to estimate the solubility of ACM in airway lining fluid and in phagolysosomes. Four-week (0, 10, 60 mg ACM/m3) and 13-week (0, 0.5, 2, 10 mg
ACM/m3) nose-only inhalation exposures were conducted to assess ACM toxicity.
In-life observations and extensive post-mortem analyses including, hematology,
clinical chemistry, histopathology, pulmonary biopersistence, nasal and pulmonary
cell injury and adaptation, inflammation, and nasal/pulmonary epithelial cell labeling index (LI; 13-week only) were assessed. Post-exposure recovery groups were included to assess the persistence/progression of any ACM-induced effects.
Dissolution of crystalline mullite in simulated biologic fluids was low. The upper
and lower respiratory tract were the primary sites of ACM-induced effects. ACMinduced a transient, dose-dependent, mucous cell hypertrophy in the nasal airways
that resolved post-exposure. Pulmonary responses included concentration-dependent cellular inflammation and increased alveolar cell LI (10 mg/m3 only). ACM-induced DNA synthesis returned to control levels during recovery. These studies indicate that the hazard associated with inhalation of ACM is low; similar to or less
than that associated with exposure to other low toxicity, non-fibrogenic, particulates such as titanium dioxide and amorphous silica.
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PULMONARY TOXICITY OF INDIUM PHOSPHIDE
PARTICULATE IN B6C3F1 MICE AFTER
OROPHARYNGEAL ASPIRATION
P. J. Kirby1, C. J. Shines1, H. C. Price2, G. Taylor2, J. Everitt3, G. Hill4 and D.
L. Morgan1. 1Respiratory Toxicology, NIEHS, Research Triangle Park, NC, 2Alion
Science and Technology, Inc., Research Triangle Park, NC, 3Consultant, Research
Triangle Park, NC and 4Experimental Pathology, NIEHS, Research Triangle Park, NC.
This study was conducted to investigate the mechanism of indium phosphide (InP)
induced pulmonary carcinogenesis and pleural hyperplasia in B6C3F1 mice. InP is
a particulate or brittle metal used in the microelectronics industry. Chronic inhalation exposure of mice to InP particles caused alveolar/bronchiolar adenomas and
carcinomas, and hyperplasia of the pleural mesothelium (NTP, 2000). Although
fibers are known to cause lesions in the pleural mesothelium, pleural effects are uncommon after inhalation of a non-fibrous particulate. B6C3F1 mice (n=5/group)
were dosed with water, 1mg/kg or 2 mg/kg InP by oropharyngeal aspiration (OA).
Bronchoalveloar lavage (BAL) and pleural lavage (PL) fluids were collected 1, 3, 14
and 28 days post-aspiration. PL from the InP animals were similar to controls until
day 28, where a dramatic increase in LDH, cell# and total protein was observed.
BAL cell#, total protein and LDH were increased in a dose- and time-related manner. Lung histology was performed on day 28 and chronic active inflammation was
observed. No pathology was observed in the mesothelium. BAL from the 1mg/kg
InP group and control days 3 & 28 were analyzed by quantitative luminex analysis.
Complex changes in cytokine levels were observed, including IL-2, IL-3, IL-4, IL-6
IL-10, IL-11, IL-12, IL-12p70, IL-17, IL-18, MCP(s), MIP-1(s) and others.
Although no pathological changes in mesothelial cell architecture were observed on
day 28, the environment of the pleural cavity was strikingly different. Thus more
time may be needed to see the mesothelial hyperplasia that was observed in the 2year study. This change in the pleural environment may be due to progressive pleural tissue damage by InP or secondary to lung injury. Future directions include cytokine analysis on PL samples after day 28, InP inhalation experiments and the
investigation of InP mediated free radical generation.
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BUTADIENE SOOT INDUCES AUTOFLUORESCENCE
AND ULTRASTRUCTURAL DAMAGE IN CULTURED
HUMAN RESPIRATORY EPITHELIAL CELLS AND
CAUSES INFLAMMATION IN MURINE AIRWAYS
G. Murphy1, W. G. Henk1, D. B. Paulsen2, S. A. Barker1 and A. Penn1.
1
Comparative Biomedical Sciences, Louisiana State University, Baton Rouge, LA and
2
Pathobiological Sciences, Louisiana State University, Baton Rouge, LA.
A terrorist act that has been repeatedly hypothesized is an attack on a major petrochemical production facility or petroleum refinery. To investigate potential health
effects of such an attack, we have selected a high-volume (3 billion pounds, annual
US production), volatile, aliphatic hydrocarbon, 1,3-butadiene (BD), as a prototype combustible organic compound. The characteristics of butadiene soot (BDS)
that make it a useful model for large-scale organic combustion products are: 1)
Freshly generated BDS particles are in the ultrafine range (>50% = 30-50 nm); 2)
Polynuclear aromatic hydrocarbons (PAHs), including several carcinogens, are adsorbed to the surface of the particles and account for ~16% of the weight of freshly
generated BDS; 3) Cultured human bronchial epithelial cells exposed to BDS contain the same spectrum of PAHs as BDS particles, display plasma membrane blebs,
reduced proliferative capacity, and develop punctate fluorescence in lipid vesicles.
Here, we demonstrate that the development of cellular fluorescence is time- and
concentration-dependent. Cells exposed to a solution of sonicated BDS (1mg
BDS/5ml medium) develop punctate fluorescence within 5 min. All cells fluoresce
by 75 min. Fluorescence develops more slowly in cells exposed to dilutions of sonicated BDS (1:10-1:100). Transmission electron micrographs show that BDS-exposed cells have altered mitochondrial morphology and large cytoplasmic vesicles
containing lamellar bodies. In BDS-exposed (5 and 50 mg/m3, 2 hr/day, 1-5 days)
Balb/c mice, BDS particles aggregate within the bronchoalveolar space and remain
there for at least 10 days after exposures end. Bronchoalveolar lavage fluid contained
soot particles plus macrophages with phagocytosed soot particles. Thus, BDS can
serve as a model respirable petrochemical combustion product causing deleterious
effects to the respiratory system subsequent to acute inhalation exposure.
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TWO-WEEK INHALATION STUDIES WITH DISKSHAPED PARTICLES OF POTASSIUM OCTATITANATE
(TERRACESS TF) IN RATS
S. Sakai2, A. Tanaka2, D. P. Kelly1, G. Sykes3 and K. P. Lee4. 1Haskell Laboratory,
DuPont Company, Newark, DE, 2Otsuka Chemical Co., Osaka, Japan, 3Veterinary
Pathology Services, West Grove,, PA and 4Pathology Consulting, Newark, DE.
Sponsor: S. Loveless.
Fibrous particles such as asbestos and some man-made fibers (MMF) have been
known to produce carcinogenic or fibrogenic effects that are related to fiber dimensions, durability, biopersistance, and physicochemical characteristics. Disk-shaped

particles of potassium octatitanate (Terracess TF) were manufactured in an effort to
reduce toxicity that might result from the presence of fibers. A 2-week inhalation
study was conducted to compare the toxicity of the disk-shaped material (TF) with
that of previously tested fibrous potassium octatitanate (PT) fibers. Groups of 10
male rats were exposed whole-body to TF aerosols at concentrations of 0, 5, 25, or
100 mg/m3 for 6 hrs/day for 9 days over a two-week period. The mass median
aerodynamic equivalent diameter of the aerosols was 2.4 to 2.9 µm. No adverse effects were observed in exposed rats in clinical observations, body weights, and clinical pathology including urine, hematology, and blood chemistry parameters. Lung
and lung/brain weight ratio were not affected. No adverse histopathological effects
were observed in the respiratory tract including nose, larynx/pharynx, trachea, and
lungs. Inhaled particles were mostly phagocytized by free alveolar macrophages
(AMs) in the alveolar air spaces. The alveolar walls enclosing particle-laden AMs
maintained their normal structure indicating that disk-shaped TF particles have
much lower toxicity than previously tested fibrous PT. Based on the lack of adverse
effects in the respiratory tract, the no-observed-adverse-effect-level (NOAEL) for
Terracess TF was considered to be 100 mg/m3 and the lung responses were comparable to that of “nuisance” type dusts at these concentrations.
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THE ACUTE EFFECTS OF TUNGSTEN ALLOYS (WA)
ON THE RAT AIRWAY

H. J. Boeckman, E. W. Johnson, T. L. Naylor, D. P. Arfsten and E. R. Wilfong.
Naval Health Research Center Detachment Environmental Health Effects Laboratory,
Wright-Patterson AFB, OH.
Penetrating munitions have traditionally been made with hard and heavy materials
such as depleted uranium (DU). Because of the environmental and health concerns
associated with DU, alternative materials including WA are now being developed
and fielded. When WA munitions strike hard targets, aerosol clouds containing respirable particles as small as 0.2 µm are formed. Since military personnel near impact sites may be acutely exposed to high concentrations of aerosolized metals, the
effects of WA on the airway were investigated. Male Sprague-Dawley rats were intratracheally instilled with either 20 mg of WA (91.1% W, 6.0% Ni, 2.9% Co) suspended in 250 µl of sterile saline or saline alone (control). After 24 hours
(n=5/group), 48 hours (n=4/group) and 7 days (n=3/group), the animals were sacrificed; the lungs were lavaged with cold phosphate buffered saline and markers of
inflammation and injury were measured in the lavage supernatant. Total protein
(µg/ml) was significantly elevated in the WA exposed rats at 24hr (211.0+24.5) and
7 days (308.3+ 84.0) compared to controls (134.0+ 6.82 and 159.8+19.8, respectively). The WA treated animals also had significantly more lactate dehydrogenase
48hr (0.12+0.01 µg/ml) and 7 days (0.39+0.12 µg/ml) after exposure compared to
controls (0.07+0.002 µg/ml at 48 hr and 0.06+0.01 µg/ml at 7 days). Similarly, the
concentrations of β-glucuronidase were significantly elevated to 130.6+22.1 µg/ml
at 24hr and 104.1+19.2 µg/ml at 7 days following WA exposure compared to controls (89.7+9.4 µg/ml at 24hr and 64.6+8.6 µg/ml at 7 days). Significant amounts
of tungsten (121.1+24.5 ppm), nickel (8.4+1.4 ppm) and cobalt (1.3+0.2 ppm)
were still present in the lung tissue 7 days after WA exposure compared to controls
(0.02+0.002 ppm (W); below limit of detection (Ni) and (Co)). The detection of
inflammation and metals in the lungs up to 7 days after WA exposure suggests that
inhalation of munition particles may have not only acute but also long-term pulmonary effects.
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ACUTE EFFECT OF STAINLESS STEEL WELDING FUME
INHALATION ON LUNG INJURY, INFLAMMATION,
AND DEFENSE RESPONSES

J. M. Antonini, S. Stone, B. Chen, J. R. Roberts, A. Frazer, M. Donlin, J.
Cumpston and D. Frazer. NIOSH, Morgantown, WV.
Many welders have experienced bronchitis, metal fume fever, lung function
changes, and an increase in the incidence of lung infection. Questions remain
unanswered regarding the causality and possible underlying mechanisms associated
with the potential pulmonary effects of welding fume exposure. The objective was
to assess the acute effect of stainless steel (SS) welding fume inhalation on lung injury, inflammation, and defense responses in rats. Male Sprague-Dawley rats were
exposed to gas metal arc-SS welding fume at a concentration of 15 or 40 mg/m3 x 3
hr/day x 10 days. The control group was exposed to filtered air. To assess lung defense responses, some animals in each group were intratracheally inoculated with 5
x 103 Listeria monocytogenes one day after the last daily exposure. Welding particles were collected during exposure, and elemental composition and particle size
were determined. After exposure, parameters of lung injury, (lactate dehydrogenase
and albumin) and inflammation (PMN influx) were measured in the bronchoalveolar lavage fluid recovered from each animal. In addition, particle-induced effects
on pulmonary clearance of bacteria and macrophage function were assessed. The
welding particles were comprised of (from highest to lowest concentration) Fe, Cr,
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Mn, and Ni. Particle size distribution analysis indicated the mass median aerodynamic diameter to be 0.24 µm. Lactate dehydrogenase and albumin were significantly elevated (p<0.05) in the SS group at both doses compared to air controls.
Interestingly, less than 10% of the cells recovered from the lungs of the SS group
were PMNs. Lung bacteria clearance and macrophage production of reactive oxidants were significantly reduced (p<0.05) in the SS group. In summary, acute exposure of rats to SS welding fume caused significant lung damage, suppressed lung
defense responses to bacterial infection, but had little effect on pulmonary inflammation. Additional chronic inhalation studies are needed to further examine the
lung effects associated with SS welding fume exposure.
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SOLUBLE CHROMIUM IN WELDING FUME
INCREASES SUSCEPTIBILITY TO PULMONARY
BACTERIAL INFECTION IN RATS

J. R. Roberts and J. M. Antonini. HELD/PPRB, NIOSH, Morgantown, WV.
Frequency, duration, and severity of pulmonary infections have been shown to be
increased in full-time welders. Animal studies have shown that manual metal arc,
stainless steel welding fume (MMA-SS) increased susceptibility to lung infections.
MMA-SS is primarily composed of iron (Fe), chromium (Cr), and nickel (Ni). The
objective of this study was to determine which component of MMA-SS may alter
lung defense. At day 0, male Sprague-Dawley rats were intratracheally instilled with
MMA-SS at a concentration of 2 mg per rat or saline (vehicle control), or the metal
constituents Fe2O3 (insoluble, 0.82 mg), NiO (insoluble, 0.06 mg), Cr2Na2O7 (soluble, 0.60 mg) at the concentration at which they are present in the dose of MMASS. Another group of rats received a mixture of the three metals. At day 3, rats were
intratracheally inoculated with 5 x 103 Listeria monocytogenes. At days 6, 8 and 10,
left lungs were homogenized, cultured overnight, and colony-forming units
counted to assess pulmonary bacterial clearance. At day 3 (prior to infection) and at
days 6, 8 and 10, right lungs were lavaged to recover cells and fluid from the airspace. Cell differentials were performed and the production of reactive oxygen
species by phagocytes was measured. Lactate dehydrogenase and albumin levels
were measured in lavage fluid as indicators of lung damage. Exposure to MMA-SS,
the soluble Cr, or the mixture of metals before infection significantly slowed the
pulmonary clearance of the bacteria and increased lung tissue damage when compared to control, and animals treated with NiO or Fe2O3 did not differ from control. Animals pre-treated with soluble Cr or the mixture of all three metals had increased cell numbers of macrophages, neutrophils, and eosinophils, and oxidant
production by phagocytes was increased at all time points when compared with the
saline group. The results of this study indicate that the soluble Cr present in MMASS is likely to be the primary component responsible for the suppression of lung defense in rats.
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COMPARATIVE INFLAMMATORY LUNG RESPONSE IN
A/J AND C57BL/6J MICE EXPOSED TO STAINLESS
STEEL WELDING FUME

P. C. Zeidler-Erdely, S. Young, J. R. Roberts, S. H. Reynolds and J. M.
Antonini. Health Effects Laboratory Division, NIOSH, Morgantown, WV.
Several epidemiology studies suggest that inhalation of welding fume (WF) increases lung cancer risk in welders. Stainless steel WF in particular contains both
chromium and nickel, two known human carcinogens. However, controlled animal
studies are undoubtedly needed to conclusively link WF exposure to increased lung
cancer risk. Thus, we initiated a multipart study to compare the inflammatory and
tumorigenic responses to WF in a lung tumor susceptible (A/J) and resistant
(C57BL/6J) mouse strain. Mice were exposed by pharyngeal aspiration to a total of
four doses, one every three days, of 5mg/kg manual metal arc-stainless steel WF
(MMA-SS), 1.5 mg/kg soluble chromium (S-Cr), or saline vehicle.
Bronchoalveolar lavage (BAL) was performed postmortem at one and four weeks
after the final dose. Indices of lung cytotoxicity (lactate dehydrogenase release) and
air-blood barrier damage (albumin) were measured in the acellular BAL fluid. The
cellular BAL fraction was used to assess inflammation via polymorphonuclear
leukocyte (PMN) infiltration. One week post-exposure, MMA-SS WF caused a
slightly greater lung cytotoxicity compared to S-Cr, which was more pronounced in
A/J versus the C57BL/6J mice. MMA-SS WF, but not S-Cr, caused greater airblood barrier damage in A/J versus C57BL/6J mice. PMN infiltration was significantly elevated compared to control in both mouse strains one-week post-exposure
to MMA-SS WF. S-Cr elicited a significant PMN response in A/J mice only at one
week post-exposure. By four weeks post-exposure to MMA-SS WF or S-Cr, lung
injury in both mouse strains returned to control. PMN infiltration decreased, but
remained elevated in both strains exposed to MMA-SS WF, with the A/J mice
showing greater inflammation. In conclusion, exposure to MMA-SS WF or S-Cr
elicited greater lung injury and inflammation at one versus four weeks in both
mouse strains. The A/J strain showed increased susceptibility to lung injury and inflammation compared to the C57BL/6J mice following exposure to MMA-SS WF
or S-Cr.
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EXAMINING THE INFLAMMATORY RESPONSES OF
HAPS: THE ROLE OF OZONE AND OTHER
PHOTOCHEMICAL TRANSFORMATION PRODUCTS

K. G. Sexton1, I. Jaspers2, 1, M. Doyle1, K. de Bruijne1, S. Ebersviller1 and H.
Jeffries1. 1ESE, UNC-CH, Chapel Hill, NC and 2CEMALB, UNC-CH, Chapel
Hill, NC.
The chemistry and health effects of individual hazardous air pollutants (HAPS)
have been studied for many years. Once released into the atmosphere, HAPS interact with hydroxyl radicals and ozone (created by photochemical processes), to produce many different products, whose toxic potential is currently unclear. In this
study, three common HAPS (methanol, isoprene(ISO) and 1,3-butadiene(BD))
underwent photochemical transformations using real sunlight, generating a range
of photochemical transformation products, including organic carbonyls such as
formaldehyde and ozone. The objective of this study is to determine the role of
ozone in the effects caused by the photochemically active HAPS mixtures. Using
the UNC outdoor smog chambers interfaced with an in vitro exposure system,
A549 cells were exposed to dynamic atmospheric mixtures. Exposure to the photochemically generated products of BD or ISO significantly increased cytotoxicity
and cytokine gene expression compared to their injected primary photochemical
transformation products, such as acrolein, formaldehyde and ozone for BD and
methacrolein, methyl vinyl ketone, and ozone for ISO. Interestingly, exposure to
the equivalent levels of ozone generated during the photochemical transformation
of BD or ISO did not induce the same level of inflammatory cytokine release, suggesting that ozone alone is not the sole inducer of inflammatory responses in this
system. However, for the photochemical transformation of methanol, generating
primarily ozone and formaldehyde, ozone was the main inducer for both inflammation and cytotoxicity. Taken together these results indicate, that unlike simplistic
atmospheric models such as methanol, ozone does not significantly account for the
effects seen in more complex atmospheric mixtures, such as those generated by BD
and ISO, and therefore full photochemical transformations and interactions must
be carefully evaluated when investigating adverse health effects induced by exposure
to HAPS.
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A GENETIC BASIS FOR INCREASED SENSITIVITY OF
THE NEONATAL MOUSE LUNG TO OZONE

E. M. Vancza1, K. Galdanes1, A. Gunnison1, G. Hatch2 and T. Gordon1. 1New
York University School of Medicine, Tuxedo, NY and 2EPA, Triangle Park, NC.
Formed by the action of sunlight on nitrogen oxides and reactive hydrocarbons,
ozone (O3) is a powerful oxidant and respiratory irritant that leads to airway inflammation and pulmonary dysfunction. Studies have not established whether children are susceptible to ozone, even though animal studies have shown that neonates
are more sensitive than adult rodents. Although it is postulated that children’s potential for heightened susceptibility results from an underdeveloped respiratory system coupled with higher outdoor activity, the biological mechanisms underlying
the predisposition of children to pollution-induced adverse pulmonary effects are
unknown. Using a murine model, we tested the hypothesis that there is a genetic
basis for the differential response of neonatal and adult lungs to inhaled pollutants.
In this study, we exposed male and female adult and neonatal mice (15 to 16 d old)
to 0.8ppm O3 for 5 h from 8 inbred mouse strains. To insure that differences were
due to biological responses, and not dose, mice from sensitive and resistant strains
were exposed to ozone generated with 18O and the lung burden of 18O was determined. Inflammation and pulmonary injury were evaluated in lung lavage fluid recovered 24-hours post-exposure. Clear inter-strain differences in response to ozone,
independent of dose, were seen in neonatal mice: SJL/J, C3H/HeJ, and Balb/cJ
mice being the most sensitive while A/J, AKR/J, and 129x1/SvJ mice were the most
resistant. Also, the neonatal response was greater than that observed in O3-exposed
adult mice, particularly in the SJL/J and C3H/HeJ strains. These results strongly
suggest that genetic determinants do play an important role in the enhanced sensitivity of the young mammalian lung to ambient air pollutants. Further research will
enable us to determine which genetic factors contribute to the heightened susceptibility of the juvenile lung to ozone, and to quantify the relative contribution of
genes vs. the environment in the adverse effects of inhaled ozone.
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DISEASE-SPECIFIC SUSCEPTIBILITY TO ACUTE
OZONE-INDUCED INJURY AND INFLAMMATION IN
EIGHT RAT STRAINS

U. P. Kodavanti1, M. C. Schladweiler1, A. D. Ledbetter1, J. Wallenborn2, R.
Jaskot1 and J. H. Richards1. 1ETD/NHEERL/ORD, USEPA, Research Triangle
Park, NC and 2SPH, UNC, Chapel Hill, NC.
Susceptibility to environmental pollutant-induced injuries may be influenced by
presence of disease and genetic make-up. To identify disease-specific susceptibility
phenotype, we used eight rat strains with or without genetic cardiovascular disease.

Male 12-15 wk old Sprague Dawley (SD), Wistar (WIS), Wistar Kyoto (WKY),
Spontaneously Hypertensive (SH), Stroke-Prone SH (SHSP), Heart Failure
Hypertensive (SHHF), Diabetic (JCR), and Fawn Hooded Hypertensive (FHH)
rats were exposed nose-only to ozone, 0.0, 0.25, 0.5 or 1.0 ppm for 4 h. Lung injury and inflammation were evaluated at 0 or 20 h later by analysis of bronchoalveolar lavage fluid (BALF). There were strain-related differences in base-line levels of
lung inflammation and protein (neutrophils: SH=SHSP>SD>WIS=SHHF
=WKY>FHH>>JCR; protein: SHHF>SH>JCR>SHSP=WKY>FHH>WIS=SD)
suggesting that rat strains with cardiovascular disease exhibit border-line pulmonary hypertension. In general, ozone effects at 0 h were less than those at 20 h.
Ozone caused dose-dependent increases in BALF protein and albumin (1.0 ppm
ozone-induced increase from base line; SHSP>SHHF=SH=WIS=WKY>FHH>
SD>JCR), however, effect on LDH activity was minimal. N-acetylglucosaminidase
activity was only slightly elevated at 1.0 ppm ozone in all but SD and SH rats. γGlutamyl transferase activity increased at 1.0 ppm only in FHH, SHRSP and
SHHF rats. Ozone caused dose-dependent but variable degree of neutrophilic influx with only minimal effects on levels of alveolar macrophages in all rat strains.
Increase in neutrophils from base line levels at 1.0 ppm ozone was in the order of
FHH>WIS>SHSP>WKY=JCR>SHHF>SD>SH. The susceptibility to ozone differed between injury parameters in a given rat strain. Ozone-induced inflammatory
and injury responses were also rat strain and disease-specific. (Abstract does not reflect USEPA policy. This research was supported in part by UNC/EPA
CT829471).
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ACUTE OZONE-INDUCED INFLAMMATORY GENE
EXPRESSION IN THE RAT LUNG IS NOT RELATED TO
LEVELS OF ANTIOXIDANTS IN THE LAVAGE FLUID

R. F. Thomas1, M. C. Schladweiler1, A. D. Ledbetter1, K. Crissman1, J. G.
Wallenborn2, J. H. Richards1, R. Jaskot1, D. Biscocho3, G. E. Hatch1 and U. P.
Kodavanti1. 1ETD/NHEERL/ORD, USEPA, Research Triangle Park, NC, 2SPH,
UNC, Chapel Hill, NC and 3NC State University, Raleigh, NC.
Ozone causes oxidative stress and lung inflammation. We hypothesized that rat
strains with or without genetic susceptibility to cardiovascular disease will have different antioxidant levels in alveolar lining, and that ozone induced inflammatory
gene expression will be inversely related to the levels of antioxidants. Male 12-15
wk old Sprague Dawley (SD), Wistar (WIS), Wistar Kyoto (WKY), Spontaneously
Hypertensive (SH), Stroke-prone SH (SHSP), Heart Failure Hypertensive
(SHHF), Diabetic (JCR), and Fawn Hooded Hypertensive (FHH) rats were exposed nose-only to ozone, 0.0, 0.25, 0.5 or 1.0 ppm for 4 h. Bronchoalveolar lavage
fluid (BALF) antioxidants were measured at 0 or 20 h later. Lung MIP-2 and TNFα expression was analyzed using PCR at 0 h in rats exposed to 1 ppm ozone. Base
line levels of glutathione (FHH, 0.0; SH, 0.1; WIS, 0.4; SHRSP, 0.5; SD, 1.8;
WKY, 1.9; JCR, 6.3 and SHHF, 15.1 µg/ml) and ascorbate (SH, 1299; SHSP,
2404; WKY, 3446; WIS, 3323; FHH, 3536; SD, 5672; SHHF, 7701; JCR, 8163
µg/ml) differed in rats. Strains with higher concentration of glutathione also had
higher levels of ascorbate. Ozone caused depletion in ascorbate in all strains with
smallest effect on SH, as ascorbate levels were lowest in these rats. On the contrary
glutathione levels were more variable and were not affected by ozone. Ozone at 1.0
ppm caused marked MIP-2 (WKY, 3.5; SH, 6.0; SHHF 8.0 and SHSP, 10 fold or
higher) and TNF-α induction (SHHF, 0.4; SHR, 0.8; WKY, 1.0 and SHRSP, 2.5
fold or higher). Gene expression did not necessarily correlate with either the baseline levels or ozone-induced depletion of antioxidants. The relationship between
antioxidants and ozone-induced inflammatory potential may not be generalized for
all rat strains; other biological variables and genetic differences may play a role in
determining susceptibility to ozone (Does not reflect USEPA policy. Supported in
part by UNC/EPA CT829471).
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INCREASED SENSITIVITY OF CAVEOLIN-1
KNOCKOUT MICE TO OZONE

D. L. Laskin, L. Fakhrzadeh and J. D. Laskin. Environmental and Occupational
Health Sciences Institute, Rutgers University and UMDNJ-Robert Wood Johnson
Medical School, Piscataway, NJ.
Caveolin-1 (Cav-1) is an integral membrane scaffolding protein known to negatively regulate the activity of various signaling molecules, including p42/p44 mitogen activated protein (MAP) kinase and phosphatidylinositol 3’-kinase/protein kinase B (PI3K/PKB). These signaling molecules are important in activation of the
transcription factor NFκB and the generation of cytotoxic inflammatory mediators
such as tumor necrosis factor-alpha (TNFα) and nitric oxide. In previous studies
we demonstrated that TNFα and nitric oxide, as well as NFκB play an essential role
in the pathogenesis of ozone-induced lung injury. The present studies were focused
on analyzing the role of Cav-1 in the regulation of signaling leading to inflammatory mediator production during ozone-induced toxicity. We hypothesized that
TNFα signaling leading to NFκB activation and inflammatory mediator produc-

tion are dependent on down-regulation of Cav-1. To test this, we used transgenic
mice with a targeted disruption of the Cav-1 gene. Treatment of wild type (WT)
mice with toxic doses of ozone (0.8 ppm, 3 h) resulted in a rapid increase in alveolar macrophage TNFα expression. This was followed by a marked decrease in Cav1 expression, which persisted for 3-6 hr. Down regulation of Cav-1 was directly
correlated with ozone-induced activation of PI3K/PKB, p42/44 MAP kinase, increased NFκB nuclear binding activity, and nitric oxide production. We also found
that the toxicity of ozone was notably increased in Cav-1 knockout mice. This was
correlated with hyperactivation of p42/44 MAP kinase. These findings suggest that
Cav-1 is important in limiting activation of NFκB and upregulation of inflammatory genes involved in ozone toxicity. Supported by NIH ES004738, GM034310,
ES005022
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REPEATED EXPOSURES OF HUMAN RESPIRATORY
EPITHELIAL CELLS TO LOW LEVELS OF OZONE
SENSITIZES THE EFFECTS INDUCED BY SUBSEQUENT
CHALLENGES TO OZONE OR HAPS

M. Doyle1, K. G. Sexton1, H. Jeffries1 and I. Jaspers2, 1. 1ESE, UNC-CH, Chapel
Hill, NC and 2CEMALB, UNC-CH, Chapel Hill, NC.
Studies have estimated that as many as 13 million healthy individuals in the US
alone are routinely exposed to ozone levels that are in excess of the NAAQS.
However, it is still unclear whether exposure to ozone tolerizes or sensitizes individuals to subsequent air pollution exposures. We developed an in vitro exposure protocol that examines how repeated exposures to low levels of ozone modifies the response to subsequent acute exposures to high levels of ozone or mixtures of
hazardous air pollutants (HAPS). Respiratory epithelial cells grown on membrane
support were exposed for 2 days 5hrs/day to 200ppb ozone and subsequently challenged with either a high level of ozone (600ppb) or a more complex mixture of
HAPS. We focused our initial analysis on HAPS mixtures generated as a result of
photochemical transformations of isoprene (methacrolein, methyl vinyl ketone,
and ozone) and 1,3-butadiene (acrolein, formaldehyde, and ozone). Approximately
20 hours after challenge with high level ozone or HAPS mixtures, cell culture supernatants were analyzed for markers of cytotoxicity and inflammatory mediator
production, such as IL-8. As expected, our results demonstrate that repeated exposures to ozone alone increased the release of IL-8. In cells repeatedly exposed to air
(rather than ozone) prior to challenge with the HAPS mixtures, both cytotoxicity
and IL-8 release were elevated relative to the air controls. However, repeated exposure to ozone prior to challenge with high levels of ozone or the HAPS mixtures,
significantly increased cytotoxicity and IL-8 release, relative to responses induced
by ozone or HAPS mixtures alone. Taken together, these data indicate that exposures of respiratory epithelial cells to low levels of ozone, sensitizes cells to a subsequent challenge with high levels of ozone or mixtures of HAPS, which would be
commonly present in urban smog.
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PRIOR EPISODIC OZONE EXPOSURE ALTERS
MUCOUS CELL METAPLASIA AND INFLAMMATION IN
RESPONSE TO ACUTE OZONE EXPOSURE IN RAT
NASAL AIRWAYS

S. A. Carey1, R. B. Lundquist1, J. G. Wagner1, E. M. Postlethwait2, C. G.
Plopper3 and J. R. Harkema1. 1College of Veterinary Medicine, Michigan State
University, East Lansing, MI, 2School of Public Health, University of Alabama at
Birmingham, Birmingham, AL and 3Center for Comparative Respiratory Biology and
Medicine, University of California at Davis, Davis, CA.
We have previously reported that short-term, daily exposure to high ambient concentrations of ozone (O3), the principal oxidant pollutant in photochemical smog,
causes rhinitis, epithelial hyperplasia, and mucous cell metaplasia (MCM) in the
nasal airways of rats. However, little is known about the effects of previous episodic
O3 exposure on the nasal response to subsequent short-term O3 challenge. The
purpose of this study was to determine whether prior episodic O3 exposures alter
the nasal epithelial response to subsequent O3 challenge. Male F/344 rats were exposed to 5 consecutive days of O3 (0.5ppm, 8h/day) or filtered air (FA), 4 biweekly cycles of O3 (0.5ppm, 8h/day on days 1-5, FA days 6-14) or FA (14 days),
or 4 cycles + 5 days of O3 or FA. All rats were 12-13 weeks of age at the time of
necropsy. The left side of the nasal cavity was processed for light microscopy and
morphometric analysis. 5-day O3 exposure caused a marked neutrophilic rhinitis in
the transitional epithelium (TE) of the anterior maxilloturbinate. Neutrophil influx
was reduced by 33% and 25% respectively in the 4-cycle and 4-cycle + 5-day O3
exposure groups relative to 5-day O3. Indicators of epithelial proliferation (proliferating cell nuclear antigen, epithelial numeric cell densities) were significantly increased in both 4-cycle and 4-cycle + 5-day O3 exposure groups relative to FA exposure. MCM was only evident in the 4-cycle + 5-day group. These results suggest
that previous episodic O3 exposure attenuates inflammation and augments mucous
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cell metaplasia and cellular proliferation in the nasal airways in response to acute
O3 exposure. These epithelial adaptations may be protective against repeated exposures to oxidant pollutants.
This Abstract Funded by: NIH PO1 ES01167
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OZONE-INDUCED EXACERBATION OF RESPONSE TO
RECOMBINANT COCKROACH ALLERGEN IN A TLR4DEFICIENT MOUSE MODEL

G. S. Backus1, 2, C. R. Walker1 and S. R. Kleeberger1. 1Laboratory of Respiratory
Biology, NIEHS/NIH, Research Triangle Park, NC and 2Curriculum in Toxicology,
UNC, Chapel Hill, NC.
RATIONALE: Epidemiological studies support an association between exposure to
ground level ozone (O3) and increased ER visits by asthmatic patients. O3 is the
principle component of photochemical air pollution and has been linked to increased lung inflammation following exposure. Previous work has shown that the
innate immune receptor toll-like receptor 4 (TLR4) modulates pulmonary hyperpermeability and inflammatory responses to ozone (O3) in the mouse. The goal of
this study was to test the hypothesis that TLR4 contributes to O3-induced exacerbation of allergic responses. METHODS: TLR4 dysfunctional C3H/HeJ (HeJ)
and TLR4 functional C3H/HeOuJ (OuJ) mice were sensitized to recombinant
cockroach allergen (r bla g 4), and were exposed to 0.3 ppm O3 or air for 72 hrs.
Three days after O3 exposure, mice were challenged with either r bla g 4 or sterile
saline by aspiration. Mean total protein concentration and numbers of
macrophages and eosinophils were determined in bronchoalveolar lavage fluid
(BALF). Eotaxin, RANTES and IL-10 expression were assessed using real time
PCR. RESULTS: No differences in eosinophils, macrophages, RANTES, eotaxin,
or IL-10 were found between air-exposed, saline-challenged mice of either genotype. Following r bla g 4 challenge, greater increases in macrophages and
eosinophils were found in the BALF from OuJ compared to HeJ mice. Expression
of eotaxin, RANTES, and IL-10 was significantly elevated only in OuJ mice after
O3 exposure and allergen challenge compared to allergen challenge alone. CONCLUSION: This study demonstrated that TLR4 contributes to macrophage and
eosinophilic inflammation after allergen challenge. In addition, TLR4 mediates
O3-induced exacerbation of inflammatory mediator responses associated with r bla
g 4 challenge in mice.
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SYSTEMIC RESPONSES TO INHALED OZONE IN MICE:
CACHEXIA AND DOWN-REGULATION OF LIVER
XENOBIOTIC METABOLIZING GENES

V. C. Mathrani, K. Gohil, N. J. Kenyon and J. A. Last. Pulmonary and Critical
Care Medicine, University of California, Davis, CA.
Rodents acutely exposed to high concentrations of ozone exhibit decreased consumption of food and lose weight despite free access to food and water. Ozone exposure also prolongs pentobarbital sleeping time in mice. We hypothesized that
xenobiotic-metabolizing enzymes (e.g. cytochrome P450s) might be downregulated in the liver as part of a systemic effect of inhaled ozone, possibly mediated by
NF-kB-activating cytokines (TNF-alpha, IL-1beta).
C57BL/6 mice were exposed for 8 hours per day to 1 ppm of ozone for three consecutive days. These mice showed a cachexic-like state, as indicated by a loss in
body weight of up to 14% in comparison to air controls. Liver gene expression profiles were determined using Affymetrix MG-U74Av2 GeneChips and analyzed
using Microarray Analysis Suite, Version 5 (Affymetrix, Santa Clara, CA). A
marked decrease (2-fold or greater) in transcript levels for several cytochrome P450
monooxygenases was observed in the liver of ozone-exposed mice, as well as transcripts for several enzymes critical for lipid and carbohydrate metabolism, and several interferon(IFN)-gamma dependent genes. The transcriptional profile of livers
in ozone-exposed mice did not implicate NF-kB-dependent signaling.
These findings could explain prolonged pentobarbital sleeping time and a cachexialike response in ozone-exposed mice, but the detailed mechanism of signaling from
lung to liver remains to be determined.
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AIRWAY AND INFLAMMATORY RESPONSES
FOLLOWING IN-UTERO EXPOSURE TO
ENVIRONMENTAL TOBACCO SMOKE ARE MODIFIED
BY POSTNATAL EXPOSURE TO OZONE

T. A. Akinbiyi, X. Gao, D. J. Bassett and D. K. Bhalla. Fund/Appl. Sciences,
Wayne State University, Detroit, MI.
Air pollutants, such as ozone (O3) and environmental tobacco smoke (ETS) are
respiratory tract irritants and they constitute risk factors in the development of lung
injury and chronic disease. This study was designed to determine if an exposure to
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ETS during pregnancy increases the sensitivity of the newborn to O3. ETS was
generated from research cigarettes (1R4F, University of Kentucky) in a Walton cigarette machine by mixing mainstream with side stream smoke. Timed pregnant
S/D rats were exposed 3 hrs/day, for 15 days to ETS (100 mg/m3 TPM) or air, and
the offspring received a single 3 hr exposure to air or 0.6 ppm O3 on day 13 after
birth. The exposure groups were Air/Air (In utero Air and postnatal Air), Air/O3
(In utero Air and postnatal O3), ETS/Air (In utero ETS and postnatal Air), and
ETS/O3 (In utero ETS and postnatal O3. The offspring were screened immediately post-exposure for their airway responses to a series of increasing aerosol concentrations of the bronchoconstrictor, methacholine. The pups from Air/O3 group
were unaffected, but the pups from ETS/O3 group demonstrated a significant enhancement of mean responses to methacholine. An analysis of the cellular fraction
in the BAL, collected 10 hrs after postnatal exposures, revealed a significant increase
in PMNs in the air/O3 group as compared to Air/Air controls, reflecting the inflammatory effects of O3. However, neutrophilic inflammation in the BAL did not
increase in the ETS/O3 group as compared to controls. An increase in tissue
myeloperoxidase activity in the Air/O3 and ETS/O3 groups provides an indirect
evidence of increased PMN activity in the lung, despite a lack of increase in the
PMN number in the ETS/O3 group in BAL. We conclude that the increased sensitivity and perhaps killing of PMNs in the tissues by in utero ETS and postnatal O3
combination prevented their transport into the BAL. Overall, the results suggest
that in utero exposures to ETS produce airway effects that may further be modified
by a postnatal exposure to O3.
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OZONE-INDUCED LUNG TOXICITY IN RAT PUPS
FOLLOWING IN UTERO EXPOSURE TO
ENVIRONMENTAL TOBACCO SMOKE

S. G. Han1, D. K. Bhalla2 and C. G. Gairola1. 1Graduate Center for Toxicology,
University of Kentucky, Lexington, KY and 2Fund/Appl Sciences, Wayne State
University, Detroit, MI.
Ozone is a common urban air pollutant which causes oxidative injury to lungs. To
determine if in utero exposure to environmental tobacco smoke (ETS) influences
the pulmonary ozone (O3) toxicity, timed pregnant Sprague Dawley rats were exposed to ETS (a mixture of mainstream and side stream smoke) starting on day-6 of
pregnancy for 3hrs/d through day-21 using a Walton smoke machine. On day-13
after birth, each group was divided into two subgroups: one maintained as control
and the other exposed to 0.6 ppm O3 for 3hrs/d, either once or for 3 weeks
(5d/wk). Thus a total of four subgroups were studied: 1) air/air-control, 2) in utero
ETS/ postnatal air, 3) in utero air/postnatal O3, and 4) in utero ETS/postnatal O3.
The bronchoalveolar lavage fluid (BALF) and lung tissue samples were collected
from pups about 10 hrs post-exposure. As expected, increased levels of BALF protein were observed in air/O3 pups given single exposure but not in those given multiple O3 exposures. Also, an increase in BALF proteins was not observed in the
ETS/O3 pups given single or multiple O3 exposures. The lung tissue preparations
were analyzed for various superoxide dismutase (Mn-SOD, Cu/Zn-SOD and ECSOD) and Cytochrome P450 proteins by western blot analysis. The results showed
increased levels of Cu/Zn-SOD protein in ETS/air, air/O3, and ETS/O3 groups following single and multiple O3 exposures. MnSOD protein was elevated only in
air/O3 group given a single O3 exposure. In contrast, the EC-SOD levels were decreased in air/O3 and ETS/O3 pups after single and multiple O3 exposures.
Multiple but not single exposure to O3 induced CYP 1A1 and CYP 2E1 proteins in
lungs. The results suggest modulation of pulmonary biochemical indicators of O3
toxicity by in utero ETS exposure.
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TRANSCRIPTIONPATH, A VALUABLE ASSAY FOR
DIRECT TRANSCRIPTION ANALYSIS, ACCURATELY
QUANTIFIES TOXICOLOGIC GENE EXPRESSION
CHANGES IN SAMPLES WITH DEGRADED RNA

M. Warren, V. Alexiadis, B. Egan and P. Labhart. Genpathway, Inc., San Diego,
CA. Sponsor: Y. Dragan.
TranscriptionPath Query is a new platform technology that directly measures gene
activation and repression at the DNA level, the primary level at which compounds
exert their effects. The assay utilizes chromatin immunoprecipitation of DNA-transcription machinery complexes, followed by quantitative PCR to quantify the transcription levels of any genes of interest. TranscriptionPath is highly accurate and reproducible, in part due to DNA stability, and is also advantageous in testing
samples known or suspected to contain degraded RNA. To demonstrate this feature, mice were treated i.p. with ciprofibrate (200 mg/kg) for 1 hr and then sacrificed but kept intact for 0-24 hr at 4-22 C before dissection and freezing of the livers. Upon assay, TranscriptionPath Query found the transcription levels of certain
P450 and other liver genes to be elevated similar to when the livers were frozen
soon after sacrifice (e.g., up to 40-fold induction). In contrast, RNA levels for the
same genes rapidly declined under the suboptimal conditions, in contrast to their

accumulation when the livers were frozen optimally immediately after sacrifice.
Secondly, TranscriptionPath Query is able to analyze gene transcription in pancreas,
a tissue type known to contain high RNase levels and difficult to test for RNA.
Both housekeeping gene and pancreas-specific gene transcription are readily detected (e.g., cyclophilin B was 50-fold and Mbp was 2.5-fold elevated over control
regions). In a third application, TranscriptionPath Query quantified gene expression in human lung tissue previously stored at -70C for extended periods, whereas
the RNA levels varied over several logs between samples, indicating extensive RNA
degradation. Thus, TranscriptionPath Query is highly valuable for any toxicologic
gene expression applications, including validation of RNA data obtained by microarray or RT-PCR, due to excellent accuracy, sensitivity and reproducibility, and
particularly for testing samples known or suspected to exhibit RNA degradation.
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A BASELINE ANIMAL MICROARRAY DATABASE FOR
BIOLOGICAL RESPONSE IDENTIFICATION AND
BIOMARKER VALIDATION

J. Fostel. NCT, NIEHS ITSS, Research Triangle Park, NC. Sponsor: S. Pettit.
Animal housing, handling and euthanasia are all likely to impact gene expression.
As toxicogenomics data are databased and subjected to meta-analysis across different studies or institutions, these factors play an increasingly confounding part in
differential gene expression. To assess contributions by variables such as rat strain,
diet, vehicle and route of administration, a new project area was initiated within the
ILSI Health and Environmental Sciences Institute (HESI) Genomics Committee:
To establish a publicly accessible database of control animal microarray data. The
aim is to develop a public resource for analysis of fluctuations in gene expression
arising from biological or technical variables. The first round of voluntary data contributions included 18 institutions, many contributing baseline data from studies
with different parameters. Data from 536 hybridizations to Affymetrix microarrays
have been deposited, along with 35 descriptors spanning both biological (as above)
and technical variables (e.g., array type / RNA QC). This data set constitutes a sufficiently robust pilot database to facilitate characterization of baseline variability
(most and least variant) in particular genes or gene sets. Such analysis is being carried out by members of the Committee and will be useful for identifying control
genes for gene expression studies and for validating the robustness of gene expression markers of toxicity, efficacy, or mechanism of action. It could have potentially
important applications as interpreting the significance or presence of a potential
biomarker and, if sufficiently robust, could help inform the process of genomic biomarker identification within a regulatory context. This database will also serve as a
resource for contextualizing expression changes identified in other HESI experimental projects initiating concurrently, e.g., the use of toxicogenomics to identify
mechanisms of toxicity. The anonymized data will be uploaded by the Committee
into the CEBS database created by the National Center for Toxicogenomics, and
will be made public following the initial analysis and interpretation.
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RATE-LIMITING STEP ANALYSIS OF TOXICOGENOMIC
DATA

W. B. Mattes, K. K. Daniels and M. S. Orr. Toxicogenomics, Gene Logic Inc.,
Gaithersburg, MD.
The use of microarrays to investigate biological responses to toxicants is all too
often a double-edged sword: the data can generate a number of hypotheses, yet the
task of understanding the key events buried in hundreds of transcript changes is
challenging. One approach is to analyze the data in terms of the biological pathways affected; often this approach prioritizes pathways by the number of regulated
genes they contain. Yet this approach runs counter to the understanding of many
metabolic and cellular pathways, where a key control point, or rate-limiting step,
controls the activity of the entire pathway. Thus it would seem appropriate to examine microarray data with a focus on such rate-limiting steps. We examined livers
from rats treated for 24 hr with 500,750, 1500, and 2000 mg/kg acetaminophen
(APAP), and from cultured primary rat and human hepatocytes treated for 24 hr
with 10 mM APAP, with three replicates per group. Microarray data was obtained
using Affymetrix® RG-U34A or HG-U133 GeneChip® microarrays. Probesets
were deterimined as regulated, relative to control, by having an absolute fold
change of >1.8 and a t-test p-value of <0.05. By these criteria 572, 524, and 1501
probesets were regulated by APAP in the rat liver, cultured rat hepatocytes, and cultured human hepatocytes, respectively. However, focusing on rate-limiting points
resulted in 29, 19, and 13 regulated probesets, respectively. This focus identified
broad areas of commonality as well as some differences. Glutathione synthesis was
upregulated in all cases, although to a lesser extent in the rat cultured hepatocytes,
suggesting a less effective treatment in that case. Cell cycle control was regulated in
the rat liver and cultured human hepatocytes. Polyamine biosynthesis was uniquely
regulated in the cultured rat hepatocytes, while glycogen utilization, sterol biosynthesis and bile acid synthesis was uniquely repressed in the rat liver. This analytical
approach appears promising as a way to quickly identify key biological responses
buried in microarray data, and as a means to guide further data mining.
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REPRODUCIBILITY OF MICROARRAY ANALYSIS IN
TOXICOGENOMICS STUDIES

P. Ancian, S. Leuillet, R. El Gana, S. Arthaud, C. Fisch, S. de Jouffrey and R.
Forster. CIT, Evreux, France.
Microarray analysis offers new vistas for the investigation of mechanisms in toxicology and toxicant profiling. Nevertheless, the technical and biological factors influencing reproducibility must be understood and controlled. In our laboratory, we
have established specific procedures in order to minimise sources of variation such
as post-necropsy RNA degradation, sequence of tissue sampling at necropsy, conditions of RNA extraction etc. The reproducibility achieved using these procedures
was evaluated as part of an in vivo study on gene expression in rats treated with
methapyrilene. Male Sprague-Dawley rats were treated with 0, 30 or 100
mg/kg/day methapyrilene and whole transcriptome analysis was performed in animals sacrificed 3 hours after treatment on Days 1, 3 and 7. Each treatment group
included 3 animals; one total RNA extract was prepared from a single snap-frozen
liver sample from each animal, and was analysed once with an Affymetrix
Genechip® Rat Genome 230 2.0 array. Inter-animal and inter-group variability
was evaluated by enumeration of transcripts exceeding a 2-fold modulation between samples. This threshold was selected on the basis of spike-in experiments
using varying quantities of (exogenous) bacterial RNA. Based on a sample of 20000
detected genes, less than 2% showed between-animal variation (within the same
group) which exceed 2-fold. This result is very close to the technical variability inherent in such a platform. For the same sample of transcripts, comparison of control groups (vehicle on day 1 and day 3) showed between-group variability to be 2
logs lower (0.02% - p<0.05 and at least 2 fold changes). These results indicate that
gene expression data can be generated from in vivo experiments with a high level of
confidence regarding the transcripts identified.
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COMPARATIVE TESTICULAR GENE EXPRESSION
PROFILING OF 2-METHOXYETHANOL, 1,3DINITROBENZENE AND DI(2ETHYLHEXYL)PHTHALATE IN ADULT MALE RATS

E. Tonkin, S. Chanda, P. Day-Lollini, J. Allard and S. Platz. Roche Palo Alto,
Palo Alto, CA.
Gene expression profiling is a tool for comparing target organ response to toxicants
in order to identify genes that are associated with, and possibly predictive of, different toxic responses. In the current study, we characterized testicular gene expression
profiles following exposure to 3 known testicular toxicants. Male Hanover-Wistar
rats were administered vehicle, 2-methoxyethanol (2ME: 50 or 150 mg/kg/d), 1,3dinitrobenzene (DNB: 3 or 10 mg/kg/d), or di(2-ethylhexyl)phthalate (DEHP:
500 or 1500 mg/kg/d) for 3 consecutive days. Testes were collected for histopathologic evaluation and gene expression profiling (Affymetrix Rat GeneChips). The
severity of histopathological changes varied between the 3 toxicants. 2ME resulted
in a dose-dependent increase in spermatocyte necrosis and spermatid depletion.
DNB exposure produced a dose-dependent increase in Sertoli cell vacuolar degeneration and spermatid necrosis. DEHP produced no observable testicular changes
at either dose. Testicular gene expression profiles for 2ME and DNB revealed doserelated increases in the numbers of differentially expressed genes. The gene profiles
of these 2 compounds were compared to determine if there were similarities in gene
expression at doses which caused a similar degree of histopathological change. At
the low doses, which produced mild lesions, no differentially expressed genes were
common to either 2ME or DNB. At the high doses, which produced significant lesions in both 2ME and DNB, 66 differentially expressed genes were common to
both compounds. Based on gene ontology classification, the majority of these genes
were associated with metabolism and enzyme activity, signal transduction, cell adhesion, and cell structure. Only 2 differentially expressed genes, lysine-deficient
protein kinase 1 and chromogranin A, were found to be common when high doses
for all 3 compounds were compared. Additional toxicity studies will be required in
order to determine if a gene signature for testicular toxicity can be identified.
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DIFFERENTIALLY REGULATED GENES EXPRESSION IN
THE TESTIS OF SPRAGUE-DAWLEY RATS TREATED
WITH DI(N-BUTYL) PHTHALATE

M. Ahn, H. Kim, J. Ryu, H. Kim, H. Park, J. Kim and J. Im. College of
Pharmacy, Pusan National University, Busan, South Korea. Sponsor: I. Yu.
Di(n-butyl) phthalate (DBP) causes a variety of male reproductive tract abnormalities including testicular cancer and diseases in both human and animals. The aim of
this study was to identify the DBP-induced differentially regulated genes (DEGs)
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in the testes of male rats using a novel annealing control primer (ACP) system.
Sprague-Dawley male rats (4 weeks of age) were treated with DBP (250, 500, or
750 mg/kg/day) by oral gavage for 30 days. The total RNA was isolated from the
rat testes, and the differential gene expression levels were determined. Using this
technique, total of 59 DEGs mRNA fragments were observed in the testes treated
with DBP 750 mg/kg/day compared with the vehicle control. Of 59 genes, 31
genes were altered significantly after exposing the rats to high dose of DBP (750
mg/kg/day), and their sequences were cloned. Based on the Basic Local Alignment
Search Tool (BLAST), 4 expressed sequence tags (EST) and 27 cloned genes (Insl3,
pgrp, H1SHR etc.,) were identified. A further examination of 3 genes involved in
spermatogenesis and steroidogenesis in the testis from this profile was carried out
using reverse transcription PCR (RT-PCR). Significant differences in the expression levels of these genes (LDH, lactate dehydrogenase; spag4, a spermatid specific
gene and BPR, benzodiazepine receptor) were observed between the DBP-treated
and control groups. These results suggest that the spermatogenesis-related genes
identified in this study will provide insights into the molecular mechanisms of DBP
on the testicular development and dysgenesis
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GENE EXPRESSION PROFILING OF RAT AND HUMAN
PRIMARY CULTURED HEPATOCYTES IN RESPONSE TO
DRUGS AFFECTING MITOCHONDRIAL FUNCTIONS

T. Shimizu, A. Ono, T. Miyagishima, T. Urushidani and T. Nagao.
Toxicogenomics Project, National Institute of Biomedical Innovation, Ibaraki, Osaka,
Japan. Sponsor: T. Inoue.
Mitochondria play indispensable roles in the cell, such as energy production, fat
metabolism and the decision for cell survival or death. Drugs affecting mitochondrial functions frequently cause adverse effects in liver. To assess the effect on mitochondrial functions in vitro, we attempted to use gene expression profiles of rat and
human primary cultured hepatocytes. In the Toxicogenomics Project in Japan
(TGPJ), hepatocytes were exposed to various compounds for 2, 8 and 24 hours at 3
dose levels, and gene expression profiles were examined using GeneChip Rat
Genome 230 2.0 or Human Genome U133 Plus 2.0 Array (Affymetrix, Inc.). For
our first test, gene expression changes by valproic acid were analyzed as a typical
reagent affecting mitochondrial functions. Microarray analysis showed that genes
related to fatty acid metabolism and the stress response were influenced in both rat
and human primary hepatocytes. Next, expression changes of selected genes belonging to these two categories in response to other reagents were investigated using
the gene expression database of TGPJ. In rat primary hepatocytes, most of the
NSAIDs and some antiarrhythmic agents in the database caused similar expression
changes in the two categories, whereas typical PPAR agonists such as clofibrate and
fenofibrate caused gene expression changes mainly related to fatty acid metabolism.
Although the expression changes in human primary hepatocytes were weaker than
those in rat cells, some NSAIDs showed a similar tendency in both species. These
results indicate that gene expression analysis might be helpful to examine the effects
of drugs based on their mechanisms and that the large scale database of TGPJ can
be used to quickly compare gene expression profiles of target compounds with
those of various reference compounds in both rat and human cells.
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GENE EXPRESSION PROFILING IN RAT LIVER
TREATED WITH VARIOUS HEPATOTOXIC
COMPOUNDS INDUCING COAGULOPATHY

M. Hirode, A. Ono, T. Miyagishima, T. Urushidani and T. Nagao.
Toxicogenomics Project in Japan, National Institute of Biomedical Innovation,
Ibaraki, Osaka, Japan. Sponsor: T. Inoue.
Many serum biochemical tests are useful in the diagnosis of liver disturbances. The
best tests for hepato-cellular damage are the measurement of enzymes such as asparate aminotransferase (AST) and alanine aminotransferase (ALT). However, liver
insufficiency can be also approached through measurement of serum fibrinogen
and using coagulation tests. In the present study, we examined gene expression profiles in rat liver treated with 9 hepatotoxic compounds (clofibrate, omeprazole,
ethionine, thioacetamide, benzbromarone, propylthiouracil, WY-14643, amiodarone and adapin). These compounds induce abnormalities in coagulation (increased prothrombin time (PT) or partially activated thromboplastin time (APTT)
and decreased fibrinogen concentration), using our large-scale database of gene expression data. Rats were treated with 3 dose levels of each compound, and gene expression profiling and traditional toxicological data were obtained at 3, 6, 9 and 24
hrs after single administration and 24 hours after 3, 7, 14 and 28-day repeated
doses, using GeneChip (Affymetrix, Inc.). Using histopathological examination, all
coagulopathic compounds were shown to induce cytoplasmic changes in the hepatocyte (e.g. eosinophilic degeneration, swelling and hypertrophy, etc.). However, in
biochemical examination, a slight elevation of AST and/or ALT was observed only
with benzbromarone, WY-14643 and amiodarone. We extracted common genes,
which showed dose-dependent changes in expression levels in repeated doses of the
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9 compounds from our database. These genes are mostly involved in such processes
as the coagulation system and stress response. We conclude that the extracted genes
could reflect liver dysfunction and drug-induced hepatotoxicity, based on coagulation abnormalities.
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TOXICOGENOMIC APPROACH FOR EARLY
ASSESSMENT OF POTENTIAL
HEPATOCARCINOGENICITY OF CHEMICALS IN RATS
T. Uehara, A. Ono, T. Miyagishima, T. Urushidani and T. Nagao.
Toxicogenomics Project, National Institute of Biomedical Innovation, Ibaraki, Osaka,
Japan. Sponsor: T. Inoue.
Induction of oxidative stress arises from the production of reactive oxygen species in
excess over the antioxidant capability of the target cell and has been proposed as a
mechanism of action for both acute and chronic cell injury, possibly including participation in nongenotoxic carcinogenesis. In the present study, the gene expression
profile, along with two well-known nongenotoxic hepatocarcinogens, methapyrilene (MP) and thioacetamide (TAA), were analyzed in order to understand the relationship between oxidative stress and hepatocarcinogenicity, and to develop identifiers for early assessment of potential hepatocarcinogenicity of chemicals. Rats were
administered with MP (10, 30, 100 mg/kg) or TAA (4.5, 15, 45 mg/kg), and euthanized 3, 6, 9, 24 hours after a single dose or 3, 7, 14, 28 days after repeated doses.
Hepatic gene expression was assessed using Affymetrix Rat Expression Arrays 230A.
By using statistical and clustering tools, time- and dose-dependently expressed
genes in common with MP and TAA were extracted and classified according to
their ontology. Sustained responses to oxidative DNA or protein damage, as well as
cell cycle regulation and signs of regeneration throughout the study periods were
characteristic of both compounds. Supervised analysis was carried out by Prediction
Analysis for Microarrays (PAM) using the “nearest shrunken centroid” algorithm.
PAM identified a classifier of 112 genes that yielded the greatest predictive accuracy
of over 95% in classifying training samples using a 10-fold cross-validation analysis.
The prediction confidence of the optimized model was subsequently confirmed
with reliable results for class prediction of several other nongenotoxic hepatocarcinogens (e.g. coumarin, ethionine) using our project’s large-scale gene expression
database. This work represents an important step toward early assessment of potential hepatocarcinogenicity of chemicals based on their gene expression profiles.
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GENE EXPRESSION PROFILING IN RAT LIVER
TREATED WITH COMPOUNDS WHICH CHANGE
PLASMA TRIGRYCERIDE
K. Omura, A. Ono, T. Miyagishima, T. Urushidani and T. Nagao. National
Institute of Biomedical Innovation, Ibaraki, Osaka, Japan. Sponsor: T. Inoue.
Triglyceride (TG) is an important plasma lipid utilized as an energy source, and its
level rises transiently after a meal. Hypolipidemic agents such as fibrates decrease
the plasma TG level via inhibition of fatty acid production and facilitation of betaoxidation of fatty acid by PPARalpha activation. In the present study, we examined
gene expression profiles in rat liver treated with plasma TG decreasing agents without reduction of food consumption, such as isoniazid, CCl4, phenobarbital, valproic acid, clofibrate, rifampicin, alpha-naphthylisothiocyanate, allylalcohol,
omeprazole, chlorpromazine, thioacetamide, carbamazepine, benzbromarone, diazepam, phenytoin, coumarin, WY-14643, gemfibrozil and sufasalazine, using
Affymetrix GeneChip. Rats were treated with 3 dose levels of these 19 compounds
and gene expression profiling was performed at 4, 8, 15 and 29-day repeated doses.
In rat liver, we extracted commonly changed genes, which were statistically different by dose level (Welch ANOVA, p<0.05) in at least 9 out of the 19 compounds.
Gene ontology analysis showed that the genes were involved in processes such as
xenobiotic metabolism, organic acid metabolism, cell communication, lipid metabolism and ubiquitin-dependent protein catabolism. A hierarchical clustering analysis of z-score of expression ratios to control data of 34 compounds in our database
was done using the extracted genes, and we identified some clusters with a series of
fibrates and other compounds in the treated group. A principal component analysis
revealed that the genes were able to discriminate each sample into two clusters,
PPARalpha activation and deterioration of the clinical condition (or food consumption reduction). Therefore, the extracted genes could be a marker for not only
hypolipidemic agents but could also interpret the mechanism of TG reduction in
toxicity studies.
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COMPARISON OF DIFFERENTIAL GENE EXPRESSION
IN BLOOD AND LIVER OF LIPOPOLYSACCHARIDE
TREATED RATS
R. D. Fannin, J. T. Auman, M. E. Bruno, S. O. Sieber, C. J. Tucker, B. A.
Merrick and R. S. Paules. National Center for Toxicogenomics, NIH_NIEHS,
Research Triangle Park, NC.
Inflammation is a frequent component of liver injury. In order to gain insight into
acute inflammatory responses, we treated male Sprague-Dawley rats with the immunogen lipopolysaccharide (5 mg/kg i.p.) and measured differential gene expres-

sion (DGE )in both liver and whole blood using cDNA microarrays at 2 and 6
hours after treatment. Hematology showed neutrophilia accompanied by lymphopenia at both time points. TNFα and IL6 levels were elevated at 2 hours indicating acute inflammation, but by 6 hours the levels had declined. In the blood,
there were 326 and 257 genes differentially expressed genes at 2 and 6 hours respectively, while the liver equivalents were 1483 and 3302. Gene Ontology™
(GO) categories highly enriched in the blood were biosynthesis (cellular and protein) at both time points and chemotaxis at 6 hours. These same GO categories
were also enriched in the liver at both time points, with the addition of immune
and defense response. There were 64 genes that were found to be differentially expressed in both blood and liver. GO analysis for these genes revealed enrichment in
the regulation of cellular physiological processes, biosynthesis, and chemotaxis categories. Canonical pathway analysis revealed that p38 MAPK signaling and IL-6
signaling were significantly differentially expressed in the blood at 2 hours and the
liver at both time points. In the liver alone, differentially expressed pathways included the immune and inflammatory response, and cell movement of leukocytes.
This study suggests that gene expression analyses can provide signatures of inflammatory processes in injured organs and that blood gene expression profiles can provide useful insights into organ disease and injury processes that have an inflammatory component.
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GENE EXPRESSION PATTERN ALTERATION IN GILL
FROM ZEBRAFISH EXPOSED TO NANOPARTICLES

N. Garcia-Reyero1, D. S. Barber1, K. Hyndman2, D. Evans2, K. Powers4, J. H.
Freedman3 and N. D. Denslow1. 1Physiological Sciences, University of Florida,
Gainesville, FL, 2Zoology, University of Florida, Gainesville, FL, 3Laboratory of
Molecular Toxicology, ETP, DIR, NIEHS, Research Triangle Park, NC and
4
Engineering, University of Florida, Gainesville, FL.
Nanomaterials have many potential excellent uses, but their scale and reactivity
have raised concerns about their interactions with biological systems. Their use will
result in huge intentional and unintentional releases into the environment, while
their potential toxicity is essentially unknown. In order to determine the effects that
nanoscale metal particles released to the environment can have on aquatic fauna, we
exposed zebrafish (Danio rerio) to 0, 100, or 500 µg/L of 51 nm spherical aluminum nanoparticles. Fish were exposed under static conditions for 72 hours in
10L aquaria. Particles were carefully characterized before and during exposure to
determine rates of aggregation and dissolution. At 500 µg/L gill ATPase activity
was reduced by 40%, indicating that gill function was compromised. Metal content
of gill, liver and brain are being examined. We used microarrays to determine if the
treatments caused changes in gill gene expression, since gill is the main pathway of
exposure of fish to nanoparticles. Nanoparticles decreased the expression of 8 genes
including dramatic loss of MHCII, which suggests a decrease in the number of
macrophages, and also NA/K ATPase, which suggests gill dysfunction, in accordance with the gill activity data. It also increased gene expression of 7 genes including the MHCI and proteasome proteins suggesting increase in non-antigen presenting immune cells. We also performed an LC50 study with 0.5, 2.5 and 12.5
mg/L for 96 hours using soluble (aluminum chloride) and 51 nm particles, and
only the higher dose of soluble aluminum was lethal. Understanding if exposure to
nanoparticles presents a unique risk in aquatic species is critical for developing appropriate regulatory guidelines for these materials. Supported in part by NSF BES0540920 and the Spanish Ministry of Education and Science.
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DOXORUBICIN STIMULATES MITOCHONDRIAL
BIOGENESIS AND DOWNREGULATES
MITOCHONDRIAL GENE TARGETS

J. M. Berthiaume and K. B. Wallace. Toxicology Graduate Program, Biochemistry &
Mol. Biology, University of Minnesota, Duluth, MN.
The anticancer drug, Doxorubicin (DOX), has long been known to cause cardiotoxicity though the mechanism by which this occurs remains unclear. Various
studies have demonstrated a number of effects on mitochondria by DOX, most of
which address the functional changes in mitochondria and the role of oxidative
stress generated by the mitochondrial electron transport chain in DOX cardiotoxicity. However, cellular signaling pathways that regulate mitochondrial proliferation
in response to mitochondrial dysfunction, such as that of DOX, have not been extensively explored. This investigation was designed to assess whether chronic DOX
treatment affects mitochondrial biogenesis. Rats received injections of 2mg/kg s.c.
DOX dissolved in saline for six weeks followed by one week recovery (n=4). Heart
tissue was collected and used to measure mitochondrial DNA (mtDNA) copy
number, cytochrome content, and gene expression data for several transcripts regulated through PGC-1 activation including; PGC-1, TFAM, COXI, COXVIc and

related genes, TFB2m and COX5a. Repeated administration of DOX resulted in a
stimulation of mitochondrial biogenesis in cardiac tissue, evidenced by an increase
in mtDNA copy number and cytochrome content, suggesting a compensatory response to the well-established mitochondrial dysfunction resulting from DOX
treatment. Interestingly, overall expression of mitochondrial gene targets was decreased despite an increase in expression of PGC-1, a co-activator of mitochondrial
gene expression. These results demonstrate an inhibition of expression of mitochondrial gene targets despite the stimulation of mitochondrial biogenesis which
occurs in response to DOX-induced cardiomyopathy. (Supported by HL-058016)
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GENE EXPRESSION ANALYSIS REVEALS DIFFERENTIAL
POLYADENYLATION OF ORNITHINE
DECARBOXYLASE (ODC) TRANSCRIPTS IN THE
KIDNEYS OF CD VERSUS FISCHER 344 RATS

S. Seidel, S. Hung, H. Kan and B. B. Gollapudi. Toxicology and Environmental
Research & Consulting, The Dow Chemical Co., Midland, MI.
We have examined the transcriptomes of male and female Crl:CD® (SD)IGSBR
and CDF® (Fischer 344)/CrlBR rats in an attempt to gain an insight into potential
mechanisms contributing to the strain-specific differences in spontaneous kidney
disease. Cy3 and Cy5 labelled cRNA samples from the kidneys of eight week old
rats were analyzed using Agilent Rat Oligo microarrays (approximately 20,000
genes) and the data analyzed using GeneSpring® software. Select gene expression
changes were confirmed using real time RT-PCR. Principle component analysis revealed that both sex and strain had significant influence on the variability in gene
expression. The majority of the affected genes differed by a magnitude of 4-fold or
less between strains/sex with some known to be sex-hormone regulated (SLC2A7
and SLC21A1). One gene of particular interest was ornithine decarboxylase
(ODC), which showed significantly higher (approximately 18-fold) expression in
CD compared to Fischer 344 rats. ODC is an important enzyme involved in cell
proliferation and differentiation whose up-regulation is often used as a marker of
tumor promotion. Further characterization of this transcript revealed that, while
the expression level of the coding region of the gene was the same between the two
strains, the length of the transcript was longer in CD rats due to the use of an alternate poly-A signal. This may have potential implications on the post-transcriptional regulation of this highly regulated, short lived message. It is also interesting
to note that human cells have been reported to produce only the shorter transcript,
similar to Fischer 344 rats. This differential expression of the ODC gene may have
potential significance in the etiology of spontaneous kidney disease in these strains.
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EFFECT OF NEAR-INFRARED LIGHT THERAPY ON
METHANOL INTOXICATION-INDUCED
ALTERATIONS IN RETINAL GENE EXPRESSION

J. T. Eells1, 4, 2, K. D. DeSmet1, M. M. Henry2, M. T. Wong -Riley3, H. T.
Whelan4, 1, J. VerHoeve5, R. Das6 and M. Jett6. 1Health Sciences, University of
Wisconsin-Milwaukee, Milwaukee, WI, 2Opthalmology, Medical College of
Wisconsin, Milwaukee, WI, 3Cell Biology, Neurobiology and Anatomy, Medical
College of Wisconsin, Milwaukee, WI, 4Neurology, Medical College of Wisconsin,
Milwaukee, WI, 5Ophthalmology, University of Wisconsin-Madison, Madison, WI
and 6Molecular Pathology, Walter Reed Army Institute of Research, Washington, DC.
Recent studies in our laboratories have provided evidence for the therapeutic benefit of near-infrared light emitting diode (NIR-LED) treatment in the survival and
functional recovery of the retina after acute injury by the mitochondrial toxin,
formic acid generated in the course of methanol intoxication. Three brief 670 nm
LED treatments (4 J/cm2), administered at 5, 25, 50 h of methanol intoxication,
significantly attenuated the retinotoxic actions of formic acid. We hypothesize that
the therapeutic effects of NIR light result, in part, from signaling mechanisms triggered by the interaction of NIR light with the photoacceptor molecule cytochrome
oxidase which culminate in improved mitochondrial energy metabolism and antioxidant production. To test this hypothesis we compared gene expression profiles
in the neural retina of untreated rats with those from methanol-intoxicated rats and
LED-treated methanol-intoxicated rats. Results from these studies indicate that
methanol intoxication and LED treatment altered the retinal expression of nearly
80 genes. Several functional subcategories of genes regulated by NIR-LED were
identified including those encoding electron-transport proteins and antioxidant defense enzymes. Striking differences were observed in genes from cytochrome oxidase family, peroxiredoxin family and genes involved in cell growth and maintenance. Differential expression of selected genes was confirmed at the level of RNA.
Studies are currently underway to further substantiate these findings and to investigate the roles of several of these genes in cellular energy production and survival.
(DARPA N66001-04-1-8923, NIH RO1-ES06648)
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CROSS-SPECIES COMPARISON OF COCAINEINDUCED GENE EXPRESSION PROFILES IN RAT AND
HUMAN HIPPOCAMPUS

M. Yoshioka1, D. Mash2, S. Schenk3 and J. ffrench-Mullen4. 1Toxicogenomics,
Gene Logic Inc., Gaithersburg, MD, 2Department of Neurology, University of Miami,
Miami, FL, 3School of Psychology, Victoria University of Wellington, Wellington, New
Zealand and 4Genomics, Gene Logic Inc., Gaithersburg, MD. Sponsor: W. Mattes.
Cocaine addiction continues to be a major public health issue while the molecular
mechanism of its toxicity has not been fully understood. Because the hippocampus
is considered to be a site involved in neuroadaptation during the process of addiction, we utilized gene expression profiling of hippocampi from various rat cocaine
models in order to gain insight into the molecular mechanism of cocaine addiction.
Gene expression profiling with Affymetrix RAE 230A/B microarrays was conducted on male Sprague Dawley rats from the following cocaine models; 1) acute
exposure, 2) acute exposure plus withdrawal, 3) acute exposure plus binging, 4)
acute exposure plus prolonged binging and 5) acute exposure plus prolonged binging plus withdrawal. The results showed that the biological pathways affected by
these treatments included phosphatidylinositol signaling system, MAPK signaling
pathway, neuroactive ligand-receptor interaction, calcium signaling pathway and
focal adhesion. Gene expression profiling of human hippocampus using Affymetrix
HG-U133A/B microarrays was also conducted on subjects with 1) evidence of cocaine use and 2) evidence of cocaine use with excited delirium. The comparison of
rat data and human data identified a set of co-modulated genes in multiple pathways. These co-modulated genes may represent specific pathways that are affected
in human cocaine addiction.
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TRANSCRIPTOMIC ANALYSIS OF ZINC REGULATION
IN ZEBRAFISH (DANIO RERIO)

C. Hogstrand1, D. Zheng1, G. P. Feeney2 and P. Kille2. 1Nutritional Sciences
Research Division, King’s College London, London, England, United Kingdom and
2
School of Biosciences, Cardiff University, Cardiff, Wales, United Kingdom. Sponsor:
D. St. Clair.
Zn regulation in vertebrates is complex. In addition to Zn-binding molecules, such
as metallothionein and glutathione, there are numerous transporters that direct
movement of Zn across cell and organell membranes. To cast light on the orchestration of Zn regulation in a Zn transporting epithelium, we adopted a transcriptome approach and measured global changes in gene expression in the zebrafish gill
in response to alterations in Zn availability. Zebrafish were treated with 3 different
levels of Zn in water and food, representing deficient, adequate, and excess conditions. Gills from five fish from each group at each time point were applied to microarray analysis, with arrays featuring 16,502 zebrafish genes. In the gills, 45-55%
of the genes were expressed at detectible levels. A large number of genes changed expression levels across all time points. However, all genes, except metallothionein, responded to deficient and excess Zn supply differently at different time points. More
genes were differentially regulated at early stages than at later and there was little
overlap between the early and late cohorts. For example, there are 189 genes and 74
genes regulated by change in zinc condition after 24 h (early stage) and 14 days
(late stage), respectively. However, only 5 genes changed at both time points but
clustered as different regulation patterns. At the Zn deficient condition, metallothionein mRNA was downregulated already after 8 hours, and remained depressed
thereafter. Zn excess resulted in a gradual increase of metallothionein mRNA to a
13 fold induction after 14 days. Expression level of metallothionein was highly correlated with zinc status within gills and microarray data of relative metallothionein
expression was very similar to that obtained by quantitative PCR (Q-PCR; r =
0.99). We further investigated ZnT1, a major Zn exporters in most tissues, using
Q-PCR. The result indicated its expression was also gradually upregulated in response to zinc excess and temporarily reduced at low Zn availability.
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SEARCH FOR MOLECULAR TARGETS OF
DOXORUBICIN INDUCED CARDIOTOXICITY

R. Zemlin, S. Reymann and J. Borlak. Fraunhofer Institut of Toxicology and
Experimental Medicine, Hannover, Germany.
Scope: The anthracycline antibiotic doxorubicin displays high antitumor efficacy in
hematological as well as in solide malignancies. Its use is, however, limited by the
induction of dose-dependent cardiotoxicity resulting in cardiomyopathy. To gain
insight into molecular causes of toxicity we investigated transcriptome signatures in
heart tissue after treatment of rats with doxorubicin.
Experimental procedures: We treated rats with three dose levels of doxorubicin (1
mg / kg body weight, 10 mg / kg and 20 mg / kg) and sacrificed them after 3 days.
A fourth group was treated with 20 mg/kg and sacrificed after 7 days. The differential gene expression of treated vs. untreated animals were estimated by using Agilent
Rat Oligo Microarray G4130A.
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Results: The microarray experiments revealed expression of 425 genes to be at least
2-fold induced or repressed in doxorubicin-treated animals. According to
GeneOntology the major processes in which the regulated genes are involved were
metabolism, cell communication and cell growth and/or metabolic maintenance.
Many of the doxorubicin-regulated genes can be assigned to biological processes
linked to mitochondrial calcium homeostasis, immunogenic reactions, apoptosis,
Fe homeostasis, signal transduction, electron transport machinery and contractile
protein gene expression. We then focused on the promotors of doxorubicin-regulated genes and developed a computational model for transcription factor networks
associated with doxorubicin induced gene regulation. This analysis revealed high
frequency of certain transcription factor binding sites of doxorubicin-regulated
gene promoters. Binding of transcription factor to doxorubicin targeted genes was
confirmed by electrophoretic mobility shift assay.
Our study provides novel insights into the transcriptional network of doxorubicin
regulated genes associated with cardiotoxicity.
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MARKED SIMILARITY OF GENE EXPRESSION
PATTERNS INDUCED IN HEPG2 CELLS BY THREE
INHIBITORS OF PROTEIN SYNTHESIS WITH
DIFFERING MECHANISMS OF ACTION,
CYCLOHEXIMIDE, ANISOMYCIN AND PUROMYCIN

H. ni1, R. Brown1, P. Kwanyuen1, H. Colton1, L. Yoon1, C. Hu2, M.
Tirmenstein2, M. Easton1, D. Creech1, N. Cariello1 and K. T. Morgan3, 1.
1
Safety Assessment, GlaxoSmithkline, Research Triangle Park, NC, 2Safety Assessment,
GlaxoSmithKline Inc., Upper Merion, PA and 3Drug Safety Assessment, SanofiAventis Inc., Bridgewater, NJ.
This study was designed to explore responses to a common physiologic change, inhibition of protein synthesis, induced by differing mechanisms of action.
Affymetrix GeneChips™ were used to reveal transcriptional dysregulation induced
by three protein synthesis inhibitors, cycloheximide (interferes with the translocation step by interacting directly with the translocase), anisomycin (inhibits peptidyl
transferase activity) and puromycin (causes premature chain termination by acting
as an analog of the 3’ terminal end of aminoacyl-tRNA). HepG2 cells were treated
for 6 hours at a concentration that caused 80% inhibition of protein synthesis.
Histological examination of these cultures (H&E) revealed that apoptosis was distinctly more severe in cells treated with puromycin. Marked similarities were observed in the transcriptional responses for all three compounds, with common indications of functional alterations. From the transcriptional response, we predicted
that ATP levels and apoptosis would increase; while cell replication would decrease,
these predictions were examined and confirmed using standard assays. All three
compounds caused the downregulation of genes involved in cholesterol and sterol
biosynthesis, fat and carbohydrate metabolism, and protein synthesis. There was a
concurrent upregulation of genes associated with cell cycle arrest and apoptosis.
The pattern of gene expression detected in this study could be refined for use as an
indicator of protein synthesis inhibition, in addition to providing basic biological
information about the potential physiological changes associated with exposure to
such agents.
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GENE EXPRESSION PROFILING IN LUNG TISSUES
FROM MICE EXPOSED TO CIGARETTE SMOKE,
LIPOPOLYSACCHARIDE, OR SMOKE PLUS
LIPOPOLYSACCHARIDE BY INHALATION

Q. Meng1, A. M. Brys2, R. Jones2, K. M. Gideon1, R. A. Renne1 and M. K.
Lee1. 1Battelle Toxicology Northwest, Richland, WA and 2Battelle Biotech Columbus,
Columbus, OH.
The purpose of this study was to investigate whether co-exposure of smoke and
lipopolysacchride (LPS) will heighten the inflammatory response and other pulmonary lesions in mice exposed to these two irritants, and thus to evaluate the potential of using this compromised mouse model as a surrogate for COPD study.
AKR/J male mice were exposed to HEPA-filtered air (sham control group), cigarette smoke (smoke group), LPS (LPS group), or smoke plus LPS (Smoke-LPS
group) by nose-only inhalation. Lungs were collected at the end of 3 wk exposure
and processed for microarray analysis. Clustering and network analysis show decreased heat shock response and chaperone activity, increased immune and inflammatory response, and increased mitosis in all three groups. Notably, number of
genes and function modules/networks associated with inflammation was reduced in
the Smoke-LPS group compared to the LPS group. The most up-regulated gene
Mmp12 (18-fold increase) in the Smoke group is a matrix metalloproteinase that
preferentially degrade elastin and has been implicated in COPD development.
NOXO1 (up-regulated 17-fold in the Smoke group) positively regulates NADPH
oxidase (NOX1) expression, which is a major source of reactive oxygen species and
may play a role in the pathogenesis of COPD. Serum amyloid A1 (up-regulated
242-fold in LPS group and 168-fold in Smoke-LPS group) is an acute phase sys-

temic inflammation marker and can be induced by LPS treatment. MARCO (upregulated 47-fold in Smoke-LPS group) is a scavenger receptor expressed in
macrophages and may play a significant role in LPS-induced inflammation response. In conclusion, gene expression profiling identified genes and function
modules that are important to COPD and may be used as biomarkers to monitor
COPD progression, and co-exposure to smoke and LPS did not induce a greater
up-regulation of genes associated with inflammatory response in mice under current exposure regimen. (Funded by Battelle IR&D)
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IN VITRO GENE EXPRESSION PROFILING OF
NEPHROTOXIC CHEMICALS IN RAT PRIMARY RENAL
CORTICAL TUBULAR CELLS

H. Suzuki1, T. Inoue1, T. Matsushita1, I. Horii2, Y. Hirabayashi3, T. Inoue3 and
K. Kobayashi4. 1Safety Assessment Department ., Chugai Pharmaceutical Co., LTD.,
Kamakura, Japan, 2Worldwide Safety Sciences, Pfizer Japan Inc., Aichi, Japan,
3
Biological Safety Research Center, National Institute of Health Sciences, Tokyo, Japan
and 4Research Compliance and Quality Assurance Coordination Department .,
Chugai Pharmaceutical Co., LTD., Kamakura, Japan.
Gene expression profiling is an important approach for toxicity assessment of
drugs, however, there are not many published data as for in vitro renal toxicity. In
this study, rat primary renal cortical tubular cells were cultured on collagen gel, and
exposed to seven kinds of chemicals which are reported to be either toxic or nontoxic to tubular cells. Cells were exposed to the chemicals at either one third or one
tenth of IC50 for 6 hr or 24 hr, which were supposed not to be severely cytotoxic
but to cause some toxicity. Transcriptional profiles were investigated by using
Affymetrix Rat Toxicology arrays containing more than 850 genes and ESTs.
Cisplatin, carboplatin, cephaloridine and gentamicin, all of which has been reported to be directly toxic to renal tubular cells, induced expression alteration on
more than 50 transcripts at their subcytotoxic concentrations. On the other hand,
diclofenac, cyclosporine and zinc, all of which are considered not to be directly
toxic to renal tubular cells, induced expression alteration on less than 12 transcripts.
Among the four direct tubular toxicants, decreases of psmb4 (proteasome RN3
subunit) and MUK (MAP3K12), and increase of HMOX1 (heme oxygenase) were
commonly observed. Cisplatin and carboplatin similarly regulated 32 transcripts,
which included transcripts related to apoptosis, proliferation, transcription, MAPK
cascade, chaperones and lipid metabolism. These observations suggested that in
vitro gene expression profiling can be a useful tool for nephrotoxicity assessment.
This work was supported by grants from Japan Health Sciences Foundation.

1092

HISTOLOGICAL AND GENE EXPRESSION CHANGES
IN MICE AFTER EXPOSURE TO THE LIBBY
AMPHIBOLE

E. A. Putnam, M. Brezinski, A. Groves, A. Smartt and M. Pershouse. Biomed &
Pharmacology Sciences, University of Montana, Missoula, MT.
Attention to asbestos-related diseases (ARD) has come to the forefront due to the
exposure of Libby, Montana residents to asbestos-contaminated vermiculite. The
distribution of this vermiculite to over 200 sites nationwide and the long latent period for disease development make ARD a continuing public health issue. To establish the changes associated with exposure to the Libby amphibole in a mouse
model, a mixture of six samples from the mine site (courtesy of the USGS), as well
as characterized asbestos samples and control fibers were instilled intratracheally
into C57Bl/6 mice. Six months after instillation, mice were sacrificed and whole
lungs harvested for histological and gene expression analysis. Evidence of asbestosrelated changes was seen in sections from all mice exposed to asbestos and the Libby
amphibole. Lucifer yellow staining and quantitation on a laser scanning cytometer
demonstrated increased collagen deposition on histological sections (p<0.05 for
Libby amphibole, chrysotile and crocidolite compared to saline-instilled mice,
p<0.01 for tremolite-instilled mice). Gene expression analysis utilizing a 10,000
oligonucleotide mouse array examined the differences among the RNA from lungs
isolated from mice exposed to the same material as above. This analysis was performed on pooled aliquots of RNA from 7-8 animals per condition. Results from
the Libby amphibole-exposed animals, as determined by a 1.5-fold expression
change cut-off, showed gene expression changes in multiple pathways, including
those involved in apoptosis, fibrosis, tumor formation, and oxidative stress. By this
method, 164 genes were upregulated and 378 were down regulated in response to
the Libby amphibole. Similar numbers were obtained from analysis of the RNA
from lungs of mice exposed to the other asbestos types. In addition, while there
were gene expression changes specific to each asbestos type, there were also similarities among the types. These results are the first to show histological and gene expression changes in a mouse model of exposure to the Libby amphibole.

1093

SELECTION OF GENES IMPLICATED IN
METHAPYRILENE-INDUCED HEPATOTOXICITY BY
COMPARING DIFFERENTIAL GENE EXPRESSION IN
TARGET AND NON-TARGET TISSUE

J. T. Auman1, J. Chou1, K. Gerrish1, Q. Huang2, S. Jayadev2, K. T. Blanchard2
and R. S. Paules1. 1National Center for Toxicogenomics, NIEHS, Research Triangle
Park, NC and 2Boehringer-Ingelheim, Ridgefield, CT.
Toxicogenomics microarray experiments often reveal thousands of gene changes
which can be related to generalized stress, pharmacological responses, and adaptive
responses, among others. This makes it difficult to identify the key gene changes
that mediate the toxicity of interest. We hypothesized that comparing gene expression changes in a non-target tissue for toxicity to the target tissue would aid in the
identification of toxicity-related genes. Male rats were given the hepatotoxicant
methapyrilene at 2 doses for 1 to 7 days. Liver and kidney were removed 24 hours
after 1, 3, and 7 doses for histopathological and gene expression analysis. The high
dose of methapyrilene elicited hepatic damage which increased in severity with the
number of doses, whereas no treatment-related lesions were observed in the kidney.
At each time point, RNA was isolated from liver and kidney and hybridized to the
Agilent Rat Oligo chip in quadruplicate. High dose methapyrilene elicited thousands of gene changes in the liver at each time point, while much fewer gene
changes were observed in the kidney. To identify gene changes most likely to be related to toxicity we clustered genes based on their temporal pattern of change. This
analysis identified patterns of gene expressions in liver that are likely due to toxicity,
such as genes whose expression were induced in a dose- and time-dependent manner in the liver, but with no change in the kidney. We also identified patterns that
were similar in the liver and kidney, possibly related to the generalized stress response or to the pharmacological properties of methapyrilene. By comparing the
temporal profile of gene expression changes in a target tissue for toxicity to that of
a non-target tissue, we were able to identify genes most likely to not be implicated
in toxicity, thus building confidence in the role of the remaining gene changes to be
associated with toxicity-related processes.

1094

DEVELOPMENT OF CUSTOM DNA MICROARRAY FOR
CYNOMOLGUS MONKEY TO DETECT EFFECTIVELY
TOXICITY OF COMPOUNDS

R. Ise1, H. Izumi1, S. Kanazashi1, N. Miyajima2, K. Takami2, A. Horinouchi2,
H. Fukui2, S. Asahi2 and R. Nagata1. 1Shin Nippon Biomedical Laboratories, LTD.,
Tokyo, Japan and 2Takeda Pharmaceutical Company LTD., Osaka, Japan.
Cynomolgus monkeys (Cyno-monkey) is one of the most frequently used in preclinical tests for drug development. The data recorded from these tests, including
toxicology and safety pharmacology studies, have been accumulated in recent years.
The data obtained from these non-human primates, in terms of extrapolation to
humans, is expected to be of more importance than these obtained from rodent
tests. As it is difficult to elucidate or predict mechanism of adverse drug effects by
using only traditional parameters, novel molecular analyses such as –omics technologies are in the spotlight in various stage of drug development.
In order to develop tools for comprehensive gene expression analysis, firstly we
analysed EST from six organs (liver, heart, kidney, spleen, lungs and testis) of the
cyno-monkey. Based on these data, we designed and produced custom DNA microarrays, on which approximately 16000 probes were spotted. Secondly, we performed experimental quality control tests of the DNA microarray. Thirdly, we attempted liver biopsies that could detect changes of gene expression before and after
administration in the same individuals. To evaluate the effects of biopsy, liver samples from the same individuals were collected at one month intervals. In this biopsy
study, DNA microarray analysis was conducted to test effects of a typical hepatotoxicant, carbon tetrachloride (CCl4).
The EST analysis revealed finding of major genes associated with apoptosis, cell
cycle and signal transduction. The quality control tests of the DNA microarray
confirmed good reproducibility because the average CV value of Cy5 and Cy3 signals for each probe on the DNA microarray was low (3.36% and 3.50% respectively). The DNA microarray analysis of the liver samples indicates that effects of
biopsy itself was slight although differences were noted among individuals. Several
gene sets were upregulated by CCl4 administration after 6 hours.

1095

SYNTHESIS OF 3,4DIHYDROXYPHENYLACETALDEHYDE AND ITS
REACTIVITY AS A TOXIC INTERMEDIATE OF
DOPAMINE METABOLISM

J. N. Rees, V. Florang and J. A. Doorn. Medicinal and Natural Products Chemistry,
The University of Iowa, Iowa City, IA.
Parkinson’s disease is a neurodegenerative disease characterized by cell death of
dopaminergic neurons. Current studies have indicated that cell death may originate
from increased oxidative stress and inhibition of dopamine (DA) metabolism. DA
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undergoes biotransformation through oxidative-deamination catalyzed by
monoamine oxidase (MAO) to form 3,4-dihydroxyphenylacetaldehyde (DOPAL),
a neurotoxic intermediate. DOPAL is primarily oxidized to 3,4-dihydroxyphenylacetic acid by mitochondrial aldehyde dehydrogenase. Research has previously established that the inhibition of DOPAL metabolism correlates with an increased
level of DOPAL within a dopaminergic cell. This suggests that DOPAL partakes in
cell toxicity and death. The goal of this work was to develop an efficient scheme for
the synthesis of DOPAL and determine the reactivity of the aldehyde toward protein nucleophiles in order to study the mechanism of toxicity. The synthesis of
DOPAL was achieved via two independent and facile pathways. The first scheme
involved conversion of 3,4-dimethoxyphenylacetic acid to DOPAL in four steps,
while the second route employed a two-step process with 4-allyl-1,2-dimethoxy
benzene as the starting material. Both synthetic methods offer a high overall product yield in comparison to the biosynthesis of DOPAL via isolation of MAO from
rat liver. Analysis employing HPLC techniques has revealed that DOPAL will react
with both N-acetyl-L-lysine and bovine serum albumin. Mass spectrometry data
were also generated, indicating that DOPAL will modify a Lys-containing peptide
or a model protein to form adducts, but DA at the same concentration will not
react with the peptide. This demonstrates that the aldehyde and not catechol autooxidation to an electrophilic quinone is responsible for adduction. Therefore, the
data establish the ability of DOPAL to adduct proteins which may play a role in
neurodegenerative disease pathogenesis.

1096

A VALID IN VITRO BLOOD-CSF BARRIER TRANSPORT
SYSTEM FOR BRAIN TOXICANT TRANSPORT STUDY

L. Z. Shi and W. Zheng. School of Health Sciences, Purdue University, West
Lafayette, IN.
The blood-cerebrospinal fluid (CSF) barrier is located in the choroid plexus. We
have recently shown that immortalized rat choroidal epithelial Z310 cells can be
adapted to form an in vitro blood-CSF transport system and addition of dexamethasone in the culture medium improves the tightness of this BCB model (Shi and
Zheng, Brain Res, in press). The aims of this study were: (i) to characterize the presence of typical transporters in Z310 cells, (ii) to validate the utility of Z310 cellbased BCB model in transport of materials known to be transported by the BCB,
and (iii) to study the mechanism by which dexamethasone increases the tightness of
the Z310 model. Real-time RT-PCR revealed that choroidal Z310 cells possessed
transporters such as DMT1, MTP1, TfR, p-glycoprotein, ATP7A, ZnT1, ABCC1,
Oat3, OCT1 and OB-Ra. Upon cultured on the porous member in a two-chamber
Transwell, Z310 cell-based BCB model system exhibited the same transport kinetic
behavior, i.e., permeability coefficients (Pe, unit: cm/min) for either influx or efflux, as did the model based on primary choroidal epithelia for compounds such as
zidovudine (AZT, an anionic drug), thyroxine (T4, a hormone), thymidine (a nucleoside), and leptin (a polypeptide). The presence of dexamethasone increased
TEER values. Real time RT-PCR revealed that dexamethasone (1 uM) up-regulated mRNA levels of claudin-1, down-regulated the expression of claudin-2, and
did not affect the levels of mRNAs encoding other tight junction proteins.
Immunocytochemistry and Western blot further confirmed an increased protein
expression of claudin-1 in Z310 cells following dexamethasone treatment. Taken
together, our data demonstrate that the Z310 cell-based BCB model not only exhibits a reasonable tightness, but also possesses the critical physiological properties
in transport of substances across the barrier. This in vitro BCB model appears to be
suitable for pharmacological and toxicological studies. (Supported in part by
Johnson & Johnson Focused Giving Program and NIH/NIEHS R21 ES-013118)

1097

PRELIMINARY CHARACTERIZATION OF THE PARK7
KNOCKOUT MOUSE: A NEW IN VIVO MODEL FOR
PARKINSON’S DISEASE

A. Ashley1, W. H. Hanneman1, 2, R. B. Tjalkens1, 2 and M. E. Legare1, 2. 1Cell
and Molecular Biology Program, Colorado State University, Fort Collins, CO and
2
Environmental and Radiological Health Sciences, Colorado State University, Fort
Collins, CO.
Mutations in the PARK7 gene have been associated with development of early
onset autosomal recessive Parkinson’s disease (PD). Using gene trap screening library conducted in embryonic stem cells, the PARK7 gene was mutated and
chimeric mice were generated for the in vivo study of PARK7 pathways. Primers
designed against the last exon of PARK7 preceding the gene trap vector and the insert itself yielded a product for locating the vector within intron 6. PCR products
were ligated into the pGEM-T vector and transformed into competent cells. DNA
was screened using restriction enzymes, candidate samples were sequenced, and the
vector insertion site was determined to facilitate genotyping. Using real-time PCR,
PARK7 mRNA levels were found to be decreased in PARK7+/- mice, and virtually
eliminated in PARK7-/- mice compared to wild-type controls. Whole brain
PARK7 protein levels, assessed by Western blotting, were similarly affected,
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whereas proteins levels of glial fibrillary acidic protein (GFAP) and nitrotyrosine remained unchanged amongst all three genotypes. Preliminary characterizations of
primary cortical astrocytes from PARK7+/+, PARK7+/-, and PARK7-/- cells have
revealed basal intracellular calcium and mitochondrial membrane potential profiles
and the effects of 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) or manganese on these indices. Glial fibrillary acidic protein immunoreactivity in primary
astrocytes was not altered, however morphological alterations, indicative of astrocytic activation, were observed due to PARK7 mutation as well as treatment with
manganese and MPTP. The PARK7 knockout mouse provides a new model for
studying PD etiology and pathogenesis, and may display differential susceptibility
to chemical models of PD due to genetic predisposition.

1098

FIBRILLAR ALPHA-SYNUCLEIN SELECTIVELY
DAMAGES DOPAMINERGIC NEURONS IN CULTURE

S. H. Reaney1, Z. Qin2, L. C. Johnston1, A. L. Fink1, 2 and D. A. Di Monte1.
1
The Parkinson’s Institute, Sunnyvale, CA and 2University of California, Santa
Cruz, CA.
Strong clinical and experimental evidence indicates a relationship between alphasynuclein expression and human parkinsonism. However, the precise mechanism(s)
by which this protein contributes to the pathogenesis of neurodegenerative diseases
remains unclear. It has been speculated that protein aggregation may play an important role and that different forms of alpha-synuclein (monomeric, oligomeric or
fibrillar) possess various degrees of toxic potential. The purpose of this study was to
induce protein oligomerization/fibrillation in vitro and to elucidate the effects of
different forms of alpha-synuclein in rat ventral mesencephalic cultures. In these
mixed cultures, relative toxicity of monomeric, oligomeric or fibrillar alpha-synuclein toward dopaminergic and GABAergic neurons was evaluated. Cultures were
exposed for 24 or 48 hrs, and neuronal integrity was assessed using radioactive neurotransmitter uptake assays. Monomeric alpha-synuclein was not toxic at 24 hrs but
decreased both dopamine and GABA uptake by approximately 20% at 48 hrs.
Similar results were obtained when soluble forms of polymeric alpha-synuclein were
added to the cultures. Quite interestingly, incubation of cells for 48 hrs in the presence of alpha-synuclein fibrils caused a selective damage to dopaminergic neurons,
as reflected by a 75% decrease in dopamine uptake vs a 25% reduction of GABA
uptake. These results show that (i) alpha-synuclein has the potential to induce neurodegeneration, (ii) different polymeric forms of the protein display discrete toxic
potencies, (iii) fibrillar alpha-synuclein may be particularly deleterious, and (iv) selective injury of dopaminergic neurons can result from exposure to protein fibrils.
Mechanisms underlying this selective toxicity are likely to bear important implications for the pathogenesis of “synucleinopathies” like Parkinson’s disease.
Supported by grants from the NIEHS (ES10442, ES10806 and ES12077).

1099

DOPAMINE INDUCES APOPTOSIS AND
PROTEASOMAL INHIBITION IN A RAT
DOPAMINERGIC MESENCEPHALIC CELL LINE

K. S. Zafar, S. H. Inayat-Hussain and D. Ross. School of Pharmacy, University of
Colorado Health Science Center, Denver, CO.
Dopamine (DA) and its metabolites have been implicated in the pathogenesis of
Parkinson’s disease. DA has the potential to produce reactive oxygen species and we
have previously shown that DA-derived quinones can induce proteasomal inhibition. We therefore examined the ability of dopamine to induce apoptosis and proteasomal inhibition in N27 rat dopaminergic mesencephalic cells. DA-induced toxicity in N27 cells was examined at concentrations from 0-500uM and at times up
to 24h. DA-induced apoptosis as assessed by phosphatidylserine exposure and loss
of mitochondrial membrane potential (MMP) in N27 cells was detected using flow
cytometry employing Annexin V/propidium iodide and tetramethylrhodamine
ethyl ester respectively. DA treated N27 cells resulted in time and concentration dependent apoptosis. To better define the DA-induced apoptosis, the activation of
initiator caspases-2 and caspase-9 and the executioner caspase-3 was investigated.
Our results demonstrate that activation of caspase-2, caspase-9 and caspase-3 occurred early after DA treatment and prior to cell death. In addition, pretreatment
with the antioxidant N-acetylcysteine (NAC) blocked DA-induced apoptosis and
MMP loss. NAC can react with both reactive oxygen and quinoid metabolites and
its inhibitory activity suggests a role for reactive species in dopamine induced apoptosis. Proteasomal inhibition could be detected after treatment of N27 cells with
dopamine but this was difficult to dissociate from cell death. Increased levels of
ubiquitination could be observed in N27 cells after dopamine treatment even at
non-toxic concentrations where proteasomal inhibition was not apparent and ubiquitination could be blocked by NAC. Increased levels of ubiquitination might reflect increases in damaged proteins as a result of an increased flux of reactive species.
Our results implicate DA-derived reactive species in DA-induced caspase-dependent apoptosis in N27 rat dopaminergic mesencephalic cells. (Supported by NIH
grant RO1 NS44613).

1100

NEUROCHEMICAL CHARACTERIZATION OF IL-6-,
TNFα- AND IL-6+TNFα-DEFICIENT MICE

M. H. Goodwill, D. A. Lawrence and R. F. Seegal. Wadsworth Center, New York
State Department of Health, Albany, NY.
Although IL-6 and TNFα are implicated in central inflammation as well as neurotrophic processes, their influences on brain development, especially dopaminergic processes are not well delineated. Thus, we have evaluated IL-6-, TNFα- and
IL-6+TNFα-deficient adult mice for dopamine (DA)-associated indicies of substantia nigra (SN) and striatum (STR) function, because these cytokines are reported to modify DA neurotoxicant-induced cell death. We analyzed biogenic
amines using HPLC-EC, and protein markers of DAergic function using ELISA
and Western blots in knockout mice with comparative measures for wild-type
(WT) C57BL/6 mice. A significant increase in STR DA levels of IL-6-/- mice was
observed, which corresponded to an upregulation of tyrosine hydroxylase (TH)
protein, the rate limiting enzyme of DA biosynthesis, as well as significantly elevated levels of STR dopamine transporter (DAT) and vesicular monoamine transporter (VMAT). This increase in dopaminergic tone may be due to enhanced terminal density within the IL-6-/- STR, as levels of neuron-specific enolase (NSE)
and synaptophysin were also elevated in comparison to WT mice. Nigral DA content and turnover (intracellular and extracellular) were significantly increased in the
TNFα-/- and IL-6-/-/TNFα-/- mice. The changes in the SN were also accompanied by elevations in TH, DAT and VMAT protein levels. Taken together, our results provide support for a critical role of IL-6 and TNFα in modulating brain
dopaminergic neurotransmission. These findings provide insight into the influence
of these cytokines on DA neuronal development and will aid in understanding how
the absence of these cytokines could modulate the susceptibility to injury- or toxicant-induced degeneration in the adult. Grant support provided by NIEHS
5R21ES01326902 (to RFS and DAL).

1101

1-METHYL-4-PHENYLPYRIDINIUM-INDUCED
ALTERATIONS OF GLUTATHIONE IN IMMORTALIZED
RAT DOPAMINERGIC NEURONS

D. Drechsel, L. Liang and M. Patel. Department of Pharmaceutical Sciences,
University of Colorado Health Sciences Center, Denver, CO.
Glutathione (GSH) plays a major role in cellular defense against reactive oxygen
species and is the major determinant of cellular redox status. Decreases in glutathione levels and increased oxidative stress are implicated in several neurodegenerative disorders, including Parkinson’s disease. The goal of this study was to characterize the alterations in cellular glutathione levels following treatment of rat
immortalized dopaminergic neurons 1RB3AN27 (N27) with the Parkinsonian
toxin 1-methyl-4-phenylpyridinium (MPP+). Glutathione (GSH) and glutathione
disulfide (GSSG) were measured by an HPLC-electrochemical method. Changes in
glutathione were correlated with cell death measured by release of lactate dehydrogenase (LDH). MPP+ produced a time- and concentration-dependent cell death in
N27 cells with a maximal LDH release occurring 48 hours post-treatment.
Intracellular GSH/GSSG ratios were decreased at times prior to LDH release (6-24
hrs), primarily due to increased GSSG levels. MPP+ treatment did not significantly
alter the activities of glutathione peroxidase or glutathione reductase. The effect of
MPP+ on glutathione efflux was further determined in N27 cells incubated in
acivicin-supplemented media. MPP+ produced an early, persistent and dramatic
(10 to 15-fold) efflux of GSH, but not GSSG. The data suggests that an early efflux
of cellular GSH together with increased oxidation of intracellular glutathione may
underlie MPP+-induced oxidative stress in N27 dopaminergic neurons.
This work was supported by NIH grant NS045748 (M.P.)
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MODULATION OF MPTP-DEPENDENT INDUCTION
OF INDUCIBLE NITRIC OXIDE SYNTHASE (NOS2) IN
ASTROCYTES BY NOVEL DI-INDOLYLMETHANE
AGONISTS OF THE PEROXISOME PROLIFERATORACTIVATED RECEPTOR GAMMA (PPAR-γ)

D. L. Carbone1, S. H. Safe2 and R. B. Tjalkens1. 1Environmental and Radiological
Health Sciences, Colorado State University, Fort Collins, CO and 2Veterinary
Physiology and Pharmacology, Texas A&M University, College Station, TX.
Progressive destruction of dopaminergic neurons in Parkinson’s disease (PD) is exacerbated by activation of glial cells and subsequent overproduction of inflammatory mediators such as cytokines, prostaglandins, and nitric oxide (NO).
Suppression of this chronic inflammatory response has emerged as a strong potential target for limiting neuronal injury in PD and other neurodegenerative disorders. Therefore, the work presented here was conducted to test the hypothesis that
activation of the nuclear orphan receptor peroxisome proliferators-activated receptor gamma (PPAR-γ) suppresses induction of nitric oxide synthase (NOS2) and
production of NO in astrocytes by directly inhibiting NFκB. Specifically, in astro-

cytes isolated from transgenic mice expressing an NFκB-green fluorescent protein
(GFP) reporter construct, it was demonstrated that this transcription factor is activated in response to treatment with the parkinsonian neurotoxicant, MPTP, and
that this response is suppressed by pretreatment with a di-indolylmethane (DIM)
analog PPAR-γ agonist. This, in turn, resulted in suppression of NOS2 induction,
as measured by real-time rtPCR and immunoblotting, as well as the ensuing production of NO, which was demonstrated through live-cell fluorescence imaging.
Finally, co-immunoprecipitation experiments indicated that a direct interaction between PPAR-γ and the active p65 subunit of the NFκB complex is stimulated by
the DIM analog, providing a mechanistic explanation for these observations. The
data presented here thus demonstrate that suppression of NFκB activation by a
PPAR-γ agonist effectively prevents NOS2 induction in astrocytes treated with
MPTP, and provides a solid foundation for more complex, in vivo studies. This
work was supported by NIH/NIEHS 1R01ES012941 (RBT) and an American
Chemistry Council Career Development Award (RBT).
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ACTIVATION OF THE PROTEASE-ACTIVATED
RECEPTOR-1 MEDIATES THE PROTECTIVE EFFECTS
OF THROMBIN PRECONDITIONING IN A
PARKINSON’S DISEASE MODEL

J. R. Cannon1, 2, Y. Hua2, R. F. Keep2, 3, T. Schallert4 and G. Xi2.
1
Environmental Health Sciences, University of Michigan, Ann Arbor, MI,
2
Neurosurgery, University of Michigan, Ann Arbor, MI, 3Physiology, University of
Michigan, Ann Arbor, MI and 4Psychology, University of Texas, Austin, TX.
Low dose thrombin (1 unit) administered several days prior to lesioning is neuroprotective, an effect termed thrombin preconditioning (TPC). We have found TPC
to be protective in the 6-hydroxydopamine (6-OHDA) Parkinson’s disease model.
Thrombin can activate protease-activated receptors (PARs), specifically, PAR-1,
PAR-3, and PAR-4. Here, the hypothesis that TPC-elicited protection is mediated
through activation of PARs was tested. Male Sprague-Dawley rats (250-300 g) were
injected with 6-OHDA (10 µg) into the right medial forebrain bundle. Three days
before lesioning, 5 nmols of a selective agonist peptide for PAR-1 (AFRRY), PAR-4
(GYPGKF), or saline was administered 1 mm dorsal to lesioning site. Forelimb
placing deficits and forelimb asymmetry during rearing were then assessed up to 21
days after 6-OHDA. PAR-1 activation elicited significant protection against 6OHDA-induced behavioral deficits, while PAR-4 activation did not. PAR-1 activation provided even greater protection than previously reported for TPC, preventing
nearly all placing deficits. Additional animals received TPC (1U) alone or TPC+5
nmols of a PAR-1 antagonist (RPPGF). Inclusion of the PAR-1 antagonist reduced
the protective effects of TPC. A portion of the animals were sacrificed for Western
blotting and dopamine determination. As we previously reported for TPC, PAR-1
activation did not result in dopamine sparing. Prior immunohistochemistry data
indicates however, that TPC may prevent 6-OHDA induced terminal loss. Here,
Western blot analysis suggests that activation of PAR-1 results in sparing of vesicular monoamine transporter 2, a marker for dopaminergic terminals. The data indicate that TPC-elicited protection is mediated through PAR-1 activation and, as
with TPC protection, there may be terminal sparing in the absence of dopamine
sparing.

1104

UNIQUE EXECUTION OF NO-MEDIATED TOXICITY
WITHIN NAÏVE AND NGF-DIFFERENTIATED PC12
CELLS

C. Brynczka2, 1 and B. Merrick1, 2. 1NCT, NIEHS, Research Triangle Park, NC and
2
Department Env Mol Toxicology, NCSU, Raleigh, NC.
Neuronal inflammation is a contributing factor in pathologic neurodegeneration.
Among neuronal immune-released factors, nitric oxide (NO) has been implicated
in Parkinson’s pathogenesis. Effects of the NO-donor, sodium nitroprusside (SNP),
were studied in both naive (propagating) and nerve growth factor-differentiated
PC12 dopaminergic cells to test the hypothesis that the tumor suppressor p53 and
its regulated elements are involved in NO toxicity. Naïve PC12 cells undergo apoptosis upon exposure to SNP as determined by dose- and time-dependent increases
in p53 total protein and phosphorylated p53 levels, Bax mitochondrial translocation and resultant cytochrome c release into the cytosol. Caspases 1 to 10 are highly
activated in response to NO exposure in naïve PC12 cells. To facilitate modeling in
vivo dopaminergic neurons more closely, PC12 cells were differentiated by incubation with NGF for 7 days. It was shown that differentiated PC12 (dPC12) neurons
undergo marked loss in cell viability following NO exposure in a dose-dependent
manner. Chromatin condensation and loss of mitochondrial membrane potential
are clearly visible via fluorescent imaging. The observed accumulation and phosphorylation of p53 during NGF-induced cell cycle arrest/senescence continued
with a modest increase in both following NO treatment. Chromatin immunoprecipitation demonstrates presence of p53 transcriptional activity in NO-mediated
toxicity. Cell death following NO exposure can be attenuated by transcriptional
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and translational inhibition with actinomycin D and cyclohexamide, suggesting
toxicity requires de novo gene and protein synthesis. Caspase profiling shows activation of caspase-6 and -9, while several other caspases are inactivated with NO.
Cell death following NO does not involve caspase 3/7 activation in dPC12 cells.
These studies demonstrate that the sensitivity and response to nitrosative stress differs between naïve and differentiated neuron-like cells and suggests that different
pathways execute the pathologic response.

1105

MICROGLIA ACTIVATION, OXIDATIVE STRESS AND
NEURODEGENERATION IN THE PARAQUAT MODEL

A. L. McCormack, D. Bonneh-Barkay, S. H. Reaney, S. Cumine, M. G. Purisai
and D. A. Di Monte. The Parkinson’s Institute, Sunnyvale, CA.
Previous work in our laboratory has shown that systemic (i.p.) weekly treatments of
mice with the herbicide paraquat induce a selective degeneration of nigral
dopaminergic neurons. This effect is accompanied by signs of oxidative damage in
the form of lipid peroxidation and protein nitrosylation. The purpose of this study
was to elucidate the source of this oxidative stress and, in particular, to test the hypothesis that microglia play an important role in the toxic events triggered by
paraquat exposure. In vitro experiments revealed that paraquat addition to N9
murine microglial cultures caused an increase in oxygen radical formation that was
dependent upon the activity of NADPH oxidase. In mice, several lines of evidence
supported a role of microglia in paraquat neurotoxicity, including the findings that
(i) paraquat exposure was followed by significant microglial activation, and (ii) oxidative stress and neurodegeneration were prevented in the absence of microglial activation and in transgenic mice lacking functional NADPH oxidase. Thus, this
paraquat model is consistent with a significant contribution of microglia to neurodegenerative processes. Redox cycling of paraquat catalyzed by NADPH oxidase
may be a potential mechanism by which oxygen radicals are formed after microglial
activation.
Supported by grants from the NIEHS (ES10442, ES10806 and ES12077) and the
Michael J. Fox Foundation.
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MECHANISM OF ACTION OF PARAQUAT IS DISTINCT
FROM THAT OF MPP+ OR ROTENONE IN
NEUROBLASTOMA CELLS STABLY EXPRESSING
DOPAMINE TRANSPORTER

S. Ramachandiran, J. R. Richardson and G. W. Miller. Center for
Neurodegenerative Diseases, Emory University, Atlanta, GA.
MPTP, rotenone and paraquat have been shown to reproduce several biochemical
and pathological features of idiopathic Parkinson’s disease (PD) in various cell culture and animal models. Although these compounds are known to perturb
dopamine homeostasis and induce dopaminergic cell death, their molecular mechanism(s) of action are not clear. We have shown that unlike MPP+, the toxic
metabolite of MPTP and rotenone, paraquat does not inhibit mitochondrial complex I (Richardson J.R. et.al, Tox.sci, 2005). We also showed that paraquat is not
transported through dopamine transporter. Intracellular dopamine can redox cycle
and create oxidative stress to dopaminergic cells, and has been proposed as an inductive factor responsible for the vulnerability of dopamine neurons to toxicant induced degeneration. In this study we used human neuroblastoma cells stably expressing dopamine transporter (SK-N-MC-DAT) as a model system to study the
mechanism(s) of action of MPP+, rotenone and paraquat. All three compounds induced time and dose dependent cell death in SK-N-MC-DAT cells. Caspase-3 activation as measured by the cleavage of PARP was observed prior to cell death only
in the case of paraquat, indicating the involvement of apoptotic form of cell death.
Moreover, paraquat induced cell death was preceded by the activation of Mitogen
activated protein kinases P38 and JNK1/2. Both caspase-3 and timely MAPK activation were not observed in the case of MPTP or rotenone induced cell death in
these cells. These data suggest that the mechanism of action of paraquat is different
from MPTP and rotenone. Unraveling various signaling mechanisms initiated by
these toxicants that probably converge to induce cell death may shed light on the
understanding of dopaminergic cell death in PD (NIH U54 ES012068; F32
ES013457).
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TOXICANT EXPOSURES AND ALPHA-SYNUCLEIN UPREGULATION IN ANIMAL MODELS OF PARKINSON’S
DISEASE

M. G. Purisai, A. L. McCormack, M. Isla, W. J. Langston, L. C. Johnston and
D. A. Di Monte. The Parkinson’s Institute, Sunnyvale, CA.
Several lines of clinical and experimental evidence suggest that the protein alphasynuclein plays an important role in the pathogenesis of Parkinson’s disease (PD)
and other neurodegenerative disorders (“synucleinopathies”). In particular, it has
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been speculated that increased levels and aggregation of the protein may underlie
the formation of Lewy bodies, the intraneuronal inclusions characteristic of PD.
The purpose of this study was to determine if a relationship exists between toxicant
exposures and alpha-synuclein expression in a variety of experimental models.
When mice were treated with MPTP, paraquat or methamphetamine, a marked upregulation of alpha-synuclein accompanied selective damage to the nigrostriatal
dopaminergic system. This effect was not unique to rodents, since levels of alphasynuclein mRNA and protein were significantly elevated in non-human primates
injected with MPTP or paraquat. In the primate substantia nigra, a single MPTP
administration was able to induce an up-regulation that lasted more than one
month and selectively affected dopaminergic neurons. Thus, changes in alphasynuclein expression represent a neuronal response to injury common to different
animal species and different toxic insults. Protein up-regulation is also an intriguing
new mechanism by which toxicant exposures could contribute to the pathogenesis
of neurodegenerative disorders such as PD.
Supported by grants from the NIEHS (ES10442, ES10806 and ES12077).
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PROGRESSIVE NEURODEGENERATION IN A
DEVELOPMENTAL PESTICIDE-EXPOSURE BASED
MODEL OF PARKINSON’S DISEASE

M. Thiruchelvam, J. Kochar, H. Mehta, E. K. Richfield and D. A. Cory-Slechta.
Department . of Environmental & OccupationalMedicine, Robert Wood Johnson
Medical School - University of Medicine and Dentistry of New Jersey, Piscataway, NJ.
Although idiopathic Parkinson’s disease (PD) affects individuals later in life, it is
still unclear whether the insults underlying the associated nigrostriatal dopaminergic (DA) system degeneration occur during critical periods of development, during
adulthood or represent cumulative effects over the course of a lifetime. Although a
developmental basis for PD has been proposed, it remains largely unexplored.
Given that PD is a progressive neurodegenerative disorder, an animal model that
recapitulates this feature of the human disease is also desirable. Our model described herein embodies both these features. Male mice treated from postnatal day
7 to 19 with 0.3mg/kg paraquat (PQ) + 1mg/kg maneb (MB) showed progressive
declines in DA function through 22 mos of age when the experiment terminated.
This included reductions in locomotor activity and in striatal levels of DA and
metabolites. Similar evidence of DA degeneration in females exposed to PQ+MB
and in males treated with PQ alone, including loss of striatal DA and metabolites,
began to emerge at 18 mos of age and included further reductions at 22 mos of age.
Both males and females treated postnatally with either PQ or MB alone or PQ+MB
showed a significant loss of nigrostriatal dopaminergic neurons at 2 mos age.
However, only males treated with PQ+MB exhibited a progressive loss of DA neurons in the substantia nigra pars compacta over time. Preliminary findings suggest
an altered oxidative stress state produced by this developmental insult may underlie
the progressive decline in DA function observed in males. Further investigation
into the mechanism of toxicity will prove useful in targeting prophylactic therapeutic interventions aimed at the progressive decline in DA function. In addition, this
model permits an assessment of PD as a complex disease in which interactive effects
of environmental exposure can be evaluated in conjunction with other PD risk factors. Supported by APDA & ES10791
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MOLECULAR MECHANISMS UNDERLYING
DOPAMINERGIC CELL DEATH

Z. Xia1, W. Choi1, H. Klintworth1, S. Hsuan1, S. Kruse2 and R. Palmiter2.
1
Environmetnal and occupational Heath Sciences, University of Washington, Seattle,
WA and 2Biochemistry, University of Washington, Seattle, WA.
Exposure to environmental toxicants including pesticides may increase risks for
Parkinson’s Disease (PD). Treatment of rodents with rotenone or paraquat, two different classes of pesticides, causes dopaminergic neuron degeneration characteristic
of PD. We used rotenone or paraquat treatment as in vitro models to study mechanisms underlying dopaminergic cell death. We found that both treatment induce
apoptosis in dopaminergic cell lines and primary dopaminergic neurons (TH+) cultured from embryonic day 14 rat mesencephalon. Interestingly, TH+ neurons are
much more sensitive than non-TH+ neurons to rotenone or paraquat.
Furthermore, SHSY-5Y cell apoptosis induced by rotenone and PC12 cell apoptosis induced by paraquat require activation of both the JNK and p38 MAP kinases.
However, in primary cultured neurons, paraquat does not activate p38 in TH+
cells. Interestingly, SHSY-5Y cells are insensitive to paraquat while PC12 cells are
insensitive to rotenone. The corresponding insensitivity correlates with a lack of
sustained JNK activation in the respective cell lines after each treatment. Thus, sustained JNK activation is a mechanism common to several PD models. We also
demonstrate that bFGF protects both dopaminergic cell lines and primary TH+
neurons against rotenone-induced apoptosis. This may require bFGF activation of
ERK1/2 and PI3 kinase, and increased phosphorylation of the pro-apoptotic protein BAD. Finally, we have generated a transgenic mouse line that lacks mitochondria complex I enzymatic activity. TH+ dopaminergic neurons from complex I-/-

animals are much more sensitive to rotenone than their wild type littermates.
However, there is no apparent difference in their sensitivity to cell death induced by
paraquat or taxol, insults that do not directly affect mitochondria function. We
propose that a complex balance between the survival and apoptotic signaling pathways as well as intact mitochondria function plays a critical role in dopaminergic
cell death.

1110

MITOCHONDRIAL THIOREDOXIN IN ROTENONEINDUCED NEUROTOXICITY
Y. Chen1, M. Yu1, M. Aschner2, D. P. Jones3 and J. Cai1. 1Ophthalmology,
Vanderbilt University, Nashville, TN, 2Pediatrics, Vanderbilt University, Nashville,
TN and 3Medicine, Emory University, Atlanta, TN.
Pesticide exposure is a one of the major identified environmental factors contributing to the etiology of Parkinson’s disease (PD). A number of epidemiology studies
have demonstrated the increased risk of PD in farmers and rural residence exposed
to pesticides. Chronic exposure to rotenone reproduces clinical manifestations of
PD, such as selective and progressive degeneration of dopaminergic neurons in the
substantia nigra pars compacta and formation of Lewy bodies in the residue neurons. Oxidative stress is a common mediator of pesticide-induced neurotoxicity.
However, the molecular targets of oxidative damage have not been clearly defined.
In this study, we have shown that mitochondrial thioredoxin (mtTrx; Trx2) is particularly susceptible to rotenone-induced oxidation in cultured SK-N-MC human
neuroblastoma cells. Submicromolar concentrations of rotenone caused persistent
oxidation of mtTrx and redistribution of mtTrx to the cytoplasm. Chronic exposures to nanomolar concentrations of rotenone led to formation of alpha synuclein
aggregation which was inhibited by overexpression of mtTrx. The effects of mtTrx
were independent of the cellular glutathione pool. Thus, mtTrx is a novel protein
target of oxidative injury induced by the PD-related pesticides. Dysfunctions of the
mitochondrial redox regulatory mechanisms may contribute to the environmental
toxicities associated with PD. (Supported by NIH grant ES09047).
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IN VIVO EFFECTS OF THE ORGANOCHLORINE
PESTICIDE METHOXYCHLOR ON BRAIN
MITOCHONDRIAL RESPIRATION, HYDROGEN
PEROXIDE PRODUCTION, PROTEIN OXIDATION AND
GENE EXPRESSION
R. Schuh1, 2, R. Gupta2, J. Flaws2 and G. Fiskum1, 2. 1Anesthesiology, University of
Maryland Baltimore, Baltimore, MD and 2Epidemiology and Preventive Medicine,
University of Maryland Baltimore, Baltimore, MD.
Organochlorine pesticides are implicated as environmental risk factors for neurodegenerative diseases, e.g., Parkinson’s disease. Methoxychlor (MXC), a widely used
pesticide and a reproductive toxicant, is known to cause oxidative stress in the
testes, but has not been explored in the CNS. We demonstrated respiratory inhibition and stimulation of H2O2 production by non-synaptosomal rat brain mitochondria exposed to MXC in vitro. In this study, we investigated the in vivo effects
of MXC (16-64 mg/kg/day i.p. x 20 days) on non-synaptosomal brain mitochondria isolated from female CD-1 mice. MXC treatment caused a dose-dependent inhibition of State 3 (ADP-stimulated) respiration with malate plus glutamate as substrates. Respiration-dependent H2O2 measured fluorimetrically with amplex red,
and mitochondrial superoxide dismutase (SOD) enzyme activity were not affected.
However, ELISA measurements of the oxidative stress marker 3-nitrotyrosine and
oxyblot measurements of protein carbonylation demonstrated increased immunoreactivity with MXC treatment. Real-time PCR measurement of the anti-oxidant gene glutathione peroxidase was decreased, whereas catalase and CuZn-SOD
were not affected. These results suggest that MXC-induced inhibition of mitochondrial respiration in vivo results in increased oxidative stress, at least at the level of
brain mitochondria. The electron transport chain complex I-selective inhibition of
respiration by MXC and the induction of oxidative protein alterations in vivo are
consistent with the possibility that MXC can act as an environmental neurotoxicant
capable of promoting neurodegeneration.
Supported by NIH ES07263 (R.S.) and DAMD17-99-1-9483 (G.F)
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OXIDATIVE DAMAGE AND NIGROSTRIATAL
DOPAMINE DYSFUNCTION FOLLOWING EXPOSURE
TO THE ORGANOCHLORINE PESTICIDE DIELDRIN
J. M. Hatcher1, J. R. Richardson1, 2, T. S. Guillot1, A. L. McCormack3, D. A.
Di Monte3, K. D. Pennell4 and G. W. Miller1, 2. 1Center for Neurodegenerative
Disease, Emory University School of Medicine, Atlanta, GA, 2Environmental and
Occupational Health, Emory University, Atlanta, GA, 3The Parkinson’s Institute,
Sunnyvale, CA and 4Civil and Environmental Engineering, Georgia Institute of
Technology, Atlanta, GA.
Parkinson’s disease (PD) is a chronic, progressive neurological disorder clinically
characterized by resting tremor, bradykinesia, postural instability and rigidity.
Numerous epidemiological studies have shown a strong association between pesti-

cide exposure and an increased risk of developing PD. Elevated levels of dieldrin, an
organochlorine insecticide, have been detected in post-mortem nigral samples from
PD patients. In this study, we report that exposure of mice to low levels of dieldrin
for 30 days resulted in increased markers of oxidative damage that were highly correlated to alterations in the nigrostriatal dopaminergic system. The levels of dieldrin
that accumulated in the mouse brain reached 0.722 ± 0.094 ng/mg tissue at the
highest dose and are similar to those levels seen in the human population. Dieldrin
caused a 57% and 90% increase in carbonyl formation following 1 and 3 mg/kg exposures. Additionally, 3H-WIN35,428 binding was reduced by 12.4 and 14.7%
and dopamine transporter (DAT)-mediated dopamine (DA) uptake was decreased
by 9.1% and 21.2% following 1 and 3 mg/kg exposures, respectively. DOPAC and
HVA levels were also significantly decreased as was the DOPAC/DA ratio. Dieldrin
exposure increased α-synuclein expression by 29.8% and 24.7% following 1 mg/kg
and 3mg/kg exposures as well. These data demonstrate that environmentally- and
physiologically-relevant doses of dieldrin can disrupt nigrostriatal dopamine neurons and may increase their vulnerability to oxidative stress.
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NEAR-INFRARED LIGHT THERAPY FOR PARKINSON’S
DISEASE

K. DeSmet1, M. M. Henry2, E. Buchmann3, M. Wong-Riley4, H. T. Whelan3, 1
and J. T. Eells1, 2, 3. 1Health Sciences, University of Wisconsin-Milwaukee, Milwaukee,
WI, 2Ophthalmology, Medical College of Wisconsin, Milwaukee, WI, 3Neurology,
Medical College of Wisconsin, Milwaukee, WI and 4Cell Biology, Neurobiology &
Anatomy, Medical College of Wisconsin, Milwaukee, WI.
A large body of evidence supports a central role for mitochondrial dysfunction in
the pathogenesis of Parkinson’s Disease (PD). PD patients express systemic defects
in mitochondrial complex I activity and complex I inhibitors have been shown to
produce PD. There are also inherited forms of PD that result from mutations in
genes that code for α-synuclein. The underlying pathological feature in both genetic and environmentally induced forms of PD is mitochondrial dysfunction resulting in increased production of reactive oxygen species followed by subsequent
cell death of dopaminergic neurons in the substantia nigra. Photobiomodulation by
red to near-infrared (630 to 1000 nm) light has been shown to enhance mitochondrial energy production and promote cellular survival following a mitochondrial insult. The present studies were undertaken to test the hypothesis that near-infrared
(NIR) light emitting diode (LED) photobiomodulation will stimulate mitochondrial function, attenuate oxidative stress and improve cell survival in a cellular model
of PD. Experiments were conducted in human dopaminergic cell lines (SH-SY5Y)
engineered to stabily overexpress mutant human α-synuclein (A30P). Cells were
plated at a density of 250,000 cells/cm2 in 96 well plates and incubated at 37° C in
DMEM supplemented with 10% FBS. Duplicate cultures were treated with 670
nm LED light (4 joules/cm2) at 73, 96 and 120 h. Cells were harvested at 144 h for
analysis of mitochondrial dehydrogenase activity and cellular glutathione concentrations. 670 nm light treatment produced a two-fold increase in both mitochondrial dehydrogenase activity and intracellular GSH concentrations. These studies support the hypothesis NIR photobiomodulation improves mitochondrial energy
metabolism, increases antioxidant production and promotes cell survival in an in
vitro model of PD.(Supported by DARPA N66001-04-1-8923)

1114

IS THE DRUG-INDUCED TARDIVE DYSKINESIA
RELATED TO A DIRECT EFFECT OF ANTIPSYCHOTICS
ON MITOCHONDRIAL FUNCTION?

C. Thiffault and A. R. Lisowski. Abbott Laboratories, Abbott Park, IL. Sponsor:
Y. Yang.
In humans, tardive dyskinesia (TD), is a serious involuntary motor adverse event
arising from the prolonged treatment with classical antipsychotic drugs, such as
haloperidol and chlorpromazine, and that, in some patients, can be irreversible.
Several hypotheses have been proposed as a mechanism underlying drug-induced
TD. Among others, mitochondrial dysfunction is thought to play a role based on
the observation that haloperidol is a potent inhibitor of mitochondrial complex I
activity in isolated mitochondria and complex I activity is reduced in the brain of
haloperidol-treated rats. Furthermore, co-treatment with 3-nitropropionic acid, a
mitochondrial toxicant, potentiates, in a dose-dependent manner, the increase in
vacuous chewing movements (VCMs), a good clinical correlate, induced by longterm haloperidol treatment in rats. The objective of this study was to evaluate the
effects of classical antipsychotics drugs (haloperidol, mesoridazine, phenothiazine,
perphenazine, and chlorpromazine) on oxygen consumption in isolated rat liver
mitochondria. We also evaluated the effects of several atypical antipsychotics (clozapine, quetiapine, risperidone, ziprasidone, olanzapine, and aripiprazol) since, unlike classical agents, they have a lower propensity to induce TD after chronic treatment. Our results demonstrate that aripripazole and chlorpromazine are potent
inhibitor of oxygen consumption in isolated rat liver mitochondria exposed to
complex II substrates. In contrast, classical neuroleptics, such as mesoridazine and
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phenothiazine were without effects. These results suggest that drug-induced TD is
not likely due to a direct effect on mitochondria and that alteration in mitochondrial function observed in the brain of haloperidol-treated rats may be the consequence of some underlying pathogenic process
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EFFECTS OF PSYCHOGENIC STIMULATION ON THE
INDUCTION OF MICROGLIAL AND NEURONAL
ACTIVATION DURING DEMYELINATION AND
REMYELINATION

D. Urbach-Ross1, 2, D. Shi1 and A. Kusnecov1, 2. 1Rutgers University, Piscataway,
NJ and 2Joint Graduate Program in Toxicology, University of Medicine and Dentistry
of New Jersey, Piscataway, NJ. Sponsor: K. Reuhl.
Multiple Sclerosis (MS) is a progressive and neurodegenerative disease of the central
nervous system (CNS). Relapses in MS have been associated with exposure to
stressful life events. However, the degree to which a demyelinated neuropathological state influences differential neuroanatomical engagement and microglial activation during either remyelination or in response to psychogenic stressors has not
been adequately addressed. In the present study, five weeks of feeding with the copper-chelating agent cuprizone was used to produce CNS demyelination in male
C57BL/6J mice. At the end of the feeding period, and at one and two weeks after
cessation of feeding cuprizone, the mice were exposed to a psychogenic stressor
(open field). Neuronal activation was measured by quantification of the immediate
early gene c-fos and microglial activation was assessed by the expression of CD11b
and CD45. After exposure to the stressor, the magnitude increase in the number of
c-Fos positive cells was far greater in the control animals and in the one week off
group compared to the two week off and five week groups. Five week cuprizone animals displayed a marked increase in the number of activated CD11b positive cells,
while the animals that began remyelination showed less activated cells. Once placed
in the open field, the one week off group showed a marked increase in the number
of activated CD11b positive cells. The expression of CD45 showed a slow decline,
with the one week off and two week off groups showing a reduction in the number
of CD45 positive cells that nevertheless was still significantly higher than the controls. Since the first week off cuprizone represents an active period of remyelination,
these data suggest that the reparative mechanism in operation may be sensitive to
the influence of psychogenic stressors.
Support Contributed By: Grants MH60706, DA141186, NIEHS P30 ES05022,
and NIEHS Graduate Training grant ES07148

1116

ALTERNATIVE MODEL ORGANISMS FOR THE
ANALYSIS OF DEVELOPMENTAL AND MOLECULAR
TOXICOLOGY

R. S. Pollenz. Biology, University of South Florida, Tampa, FL.
Mammalian organisms have long been a staple of toxicology research but in recent
years there has been a significant increase in the use of non-mammalian models systems in molecular and developmental toxicology. Alternative model organisms that
are in current use include yeast, invertebrates such as Drosophila and
Caenorhabditis elegans, vertebrate models such as Danio rerio (zebrafish) and
Xenopus, and the pant model, Arabadopsis. The analysis of toxicologically relevant
endpoints in these organisms has several advantages over traditional mammalian
systems. First, many toxicologically relevant pathways are expressed in each of these
organisms that recapitulate the mammalian pathways and full genomes are available. Second, these organisms develop externally and the process proceeds rapidly.
This makes it possible to observe development in real-time. Third, due to the size of
the organisms, large numbers can be evaluated making high throughput screening
studies possible. Finally, many of these organisms have banks of defined mutants
that can be manipulated to directly assess protein interactions and gene regulation.
Thus, as the molecular tools continue to be advanced for each of these systems,
their utility in many aspects of toxicology is unlimited. This session is designed to
highlight the use of alternative models in the analysis of signal transduction pathways, development, and genomics.
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ROLES FOR THE C. ELEGANS ARYL HYDROCARBON
RECEPTOR HOMOLOG IN NEURONAL
DEVELOPMENT AND IN THE REGULATION OF
SPECIFIC BEHAVIORS

J. A. Powell-Coffman and H. Qin. Genetics, Development, and Cell Biology, Iowa
State University, Ames, IA. Sponsor: R. Pollenz.
The aryl hydrocarbon receptor is a ligand-activated transcription factor, and AHR
mediates the toxic effects of a range of planar halogenated hydrocarbons, including
2,3,7,8-tetrachlorodibenzo-p-dioxin. Upon binding ligand, AHR translocates to
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the nucleus and dimerizes with ARNT. The targets of the AHR:ARNT transcription complex include genes involved in xenobiotic detoxification. Studies of AHRdeficient mice have demonstrated that AHR also has critical functions during normal development. We have investigated the function of the aryl hydrocarbon
receptor in the nematode Caenorhabditis elegans. C. elegans ahr-1 is expressed in a
subset of neurons, and animals lacking ahr-1 function have specific defects in neuronal differentiation, as evidenced by changes in gene expression, aberrant cell migration, axon branching, or supernumerary neuronal processes. These data, when
considered with the neurotoxic effects of AHR-activating pollutants, support the
hypothesis that AHR has an evolutionarily conserved role in neuronal development. Interestingly, none of the invertebrate AHR homologs has been shown to
bind dioxin. It is possible that the ancient AHR function was ligand-independent.
The emphasis of our current studies is to elucidate the role of C. elegans
ahr-1 in neurons that control specific behaviors. C. elegans prefer oxygen concentrations lower than those in standard culture conditions, and some strains of C. elegans form aggregates on lawns of bacterial food, thereby creating a less hyperoxic
microenvironment. This has been termed social feeding behavior, and this behavior
requires ahr-1 function. We have identified some of the targets of the AHR-1 transcriptional complex, and they include soluble guanylyl cyclases (sGCs) that regulate
social feeding and hyperoxia avoidance. Thus, one function of the AHR-1 transcriptional complex is to activate expression of oxygen sensitive sGCs in a subset of
neurons that control social feeding behavior.
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SIGNATURES OF EXPOSURE AND PATHWAYS OF
SUSCEPTIBILITY: A YEAST TOOLKIT FOR BIOMARKER
DISCOVERY AND PREDICTION OF MECHANISMS OF
CELLULAR TOXICITY

C. N. Giroux. Institute of Environmental Health Sciences, Wayne State University,
Detroit, MI.
The cellular responses to toxicant challenge, both protective and adverse, reflect differential activity of the underlying pathways that together comprise a global genetic
network. Although gene expression profiling has been used to classify distinct cellular states, it is still problematic to identify either diagnostic biomarkers of disease or
therapeutic cellular targets (i.e. druggable genes) from these profiles. To implement
a genetic network approach to this problem, we are developing a toolkit of diagnostic pathway susceptibility strains, quantitative toxicity assays, and computational
strategies in the yeast model system. We have used this toolkit both to identify genetic determinants underlying the dose response profile of hydrogen peroxide induced oxidative stress in yeast, and to computationally predict the corresponding
toxicant effects in human cells. For example, a high-throughput, growth curve assay
was used to screen a comprehensive yeast gene deletion strain collection and to
demonstrate that the YAP1 transcription factor acts as a genetic switch that sets the
dose response threshold for programmed cell death in oxidatively stressed yeast
cells. We propose that the functionally equivalent Nrf2 protein has a similar role in
mammals, and is thus a candidate target for therapeutic intervention to reduce programmed cell death in response to pathological levels of oxidative stress. As a complement to our functional profiling of toxicant sensitive genes, genetic network
modeling of microarray gene expression data was used to identify novel gene expression patterns, gene network signatures (GNS biomarkers), that are diagnostic
for the oxidative stress response in yeast. Using the conserved ortholog map as a
seed, we have visualized the corresponding close connected sub-network in the
human interactome, which predicts specific GNS biomarkers for the human oxidative stress response. Thus, our genetic network analysis enables comparative toxicogenomics and the construction of predictive models for human risk assessment.
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USING ZEBRAFISH TO UNDERSTAND THE EFFECTS
OF DEVELOPMENTAL METHYLMERCURY EXPOSURE
AND THE INFLUENCE OF MATERNAL DIET

M. J. Carvan1, 2, M. L. Rise1, 2 and D. N. Weber2. 1Great Lakes WATER Institute,
University of Wisconsin-Milwaukee, Milwaukee, WI and 2Marine and Freshwater
Biomedical Sciences Center, University of Wisconsin-Milwaukee, Milwaukee, WI.
Methylmercury is a known neurotoxicant, and the primary exposure for humans
comes from fish consumption. Mercury from coal-fired power plants, or other industrial and natural sources, accumulates in aquatic systems and is methylated by
microbial activity. Fish consumption advisories have been posted in nearly every
state in the United States and are most prevalent in the upper midwestern states of
Minnesota, Wisconsin, and Michigan. Methylmercury affects the developing nervous system and the children of women that consume high quantities of wild-caught
fish during pregnancy may be at risk for neurological impairment. We are investigating the effects of methylmercury exposure on developing zebrafish by analyzing
performance in a series of neurobehavioral assays, and identifying changes in gene
expression by microarray analysis. The goal of this project is to identify neural and

molecular biomarkers as predictors of methylmercury exposure and deficits in specific behavioral endpoints. We exposed zebrafish embryos to varying concentrations
of methylmercury via maternal diet or direct water-borne exposure, with or without
exposure to selenium. Gene expression analysis in embryos was performed using an
8,000 element zebrafish cDNA microarray. A number of fish were raised for neurobehavioral analysis as larvae or adults. Mortality and behavioral alterations were
shown to be methylmercury dose-dependent, and selenium appears to have a protective effect. Microarray analysis following methylmercury exposure reveals
changes in the expression of a number of genes primarily associated with neurological structure and function, mitochondrial function, and immune system function.
The results of this project will contribute to a more complete mechanistic understanding of the connection between gene expression and behavioral dysfunction resulting from developmental methylmercury exposure, and the potential of dietary
supplements to reduce these effects.
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USING ZEBRAFISH TO UNRAVEL THE MECHANISM
OF DITHIOCARBAMATE DEVELOPMENTAL TOXICITY

R. L. Tanguay1, F. Tilton1, J. K. LaDu1, K. R. Svoboda2, H. Teraoka3 and T.
Hiraga3. 1Environmental and Molecular Toxicology, Oregon State University,
Corvallis, OR, 2Biological Sciences, Louisiana State University, Baton Rouge, LA and
3
Department of Toxicology, Rakuno Gakuen University, Ebetsu, Japan.
Dithiocarbamates (DTC) and isothiocyanates (ITC) have many uses in agriculture,
manufacturing, and in medicine, thus there is a potential for human exposure to
this large chemical class. There is a gap in our understanding of the mechanism by
which these compounds interact with developing vertebrates. In order to asses the
risk that DTC and related compound may pose to early life stage, the zebrafish
model is being exploited. The structural and teratogenic relationships for a number
of DTCs and ITCs has been determined. DTC such as sodium metam induce pronounced notochord malformations. Time lapse video analysis indicated that notochord distortions appeared at 18 hpf, and were concomitant with the development
of spontaneous contractions. Paralytic mutants and pharmacological inhibitors
were used to block contractions, and in the presence of DTCs, paralyzed embryos
fail to develop distorted notochords. These results indicate that muscle activity is
necessary to reveal the underlying deficit. Electron microscopy imaging revealed alterations in sub cellular structures. In situ hybridization, using markers for the muscle and notochord indicated normal expression patterns prior to the appearance of
trunk distortion, but dramatic alterations occurred in malformed embryos. A number of approaches are being pursued to identify the biological target for DTCs.
Preliminary microarray studies indicate that the expression of a relatively small
number of genes are impacted by DTC exposure. By searching the ever expanding
zebrafish mutant database, leviathan (lev) was identified as a mutant that phenocopies the DTC effect, providing a powerful tool for target identification. These results demonstrate that the zebrafish is an unparalleled model system to understand
the effects of dithiocarbamates, specifically, and chemicals in general, on vertebrate
development.
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A NEMATODE MODEL TO ELUCIDATE MECHANISMS
OF DEVELOPMENTAL TOXICITY

D. Jackson1, J. Lewis1, S. Anderson4, E. Gehman3, M. Szilagyi2 and E. Clegg1.
1
US Army Center for Environmental Health Research, Fort Detrick, MD, 2USEPA,
Washington, DC, 3Gold Belt Raven, Inc., Fort Detrick, MD and 4Geo-Centers, Inc.,
Fort Detrick, MD.
The nematode Caenorhabditis elegans is a highly versatile model organism for
studies in molecular and developmental toxicology. Its genome has been sequenced
permitting global screening of gene and protein expression using high throughput
transcriptomic and proteomic methods. More than 80% of its proteome has known
vertebrate homologs, suggesting that C. elegans is a useful model for investigating
fundamental mechanisms of toxicity. To exploit C. elegans as a toxicological model,
we developed a liquid, axenic medium for propagating large cultures of worms,
thereby eliminating the confounding effect of using E. coli as a food source for C.
elegans. In this medium, worms can be grown in sufficient amounts for facile extraction of RNA and protein for transcriptomic and proteomic studies. Using this
system, we have examined the effects of metals (Cd), acetylcholinesterase inhibitor
pesticides (dichlorvos), and other toxicants on gene expression in C. elegans using
developmental arrest as an endpoint. Synchronized cultures of stage L4 worms were
exposed to toxicants at doses calibrated to reproducibly cause developmental arrest.
Microarray analyses were performed with RNA isolated from whole control and exposed worms using Affymetrix C. elegans GeneChips. Each chemical induced a distinct pattern of gene expression, even within metabolic pathways, such as glutathione synthesis, which were affected by all the toxicants. This model is being
extended to examine the effects of a brief developmental exposure to dichlorvos
upon subsequent adult gene expression patterns. Thus, our nematode model is a
practical system in which to investigate mechanisms of developmental toxicity on
both embryonic and adult function.

Disclaimer
The views, opinions, and/or findings contained in this report are those of the author(s) and should not be construed as official Department of the Army position,
policy, or decision, unless so designated by other official documentation.
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ROLE OF THE KUPFFER CELL IN MEDIATING
HEPATIC TOXICITY AND CARCINOGENESIS

J. E. Klaunig. Pharmacology and Toxicology, Indiana University, Indianapolis, IN.
This symposium will address the role of the Kupffer cell, the resident macrophage
of the liver, in the induction and/or facilitation of acute and chronic liver injury.
The Kupffer cell plays an important role in the normal physiology and homeostasis
of the liver both as well as participating in the acute and chronic responses of the
liver to toxic compounds. Activation of Kupffer cells directly or indirectly by toxic
agents results in the release of an array of inflammatory and growth control mediators as well as reactive oxygen species. This activation appears to modulate acute hepatocyte injury as well as chronic liver responses including hepatic cancer.
Understanding the role the Kupffer cell plays in the induction of hepatocyte injury
is essential in understanding the mechanisms of the liver injury. Idiosyncratic drug
induced liver disease results in morbidity and mortality and has been a major detriment to new therapeutic pharmacological development. Modulation of the Kupffer
cell response by drugs has been suggested as a cause for the idiosyncratic response.
Similarly, liver damage seen in chronic ethanol consumption appears to be modulated by Kupffer cell activation. More recent evidence has noted a contributory role
of Kupffer cell activation in the process of hepatic carcinogenesis. Several nongenotoxic carcinogens, for example, activate Kupffer cells which results in the release of
cytokines and/or reactive oxygen species that induce hepatocyte cell proliferation
and may enhance clonal expansion of preneoplastic cells leading to neoplasia. The
Kupffer cell therefore appears to play a central role in the hepatic response to toxic
and carcinogenic agents. (Supported by NIH CA100908)
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THE CONTRIBUTION OF KUPFFER CELL-DERIVED
MEDIATORS TO ACUTE HEPATOTOXICITY

P. E. Ganey1, 2. 1Pharmacology and Toxicology, Michigan State University, East
Lansing, MI and 2Center for Integrative Toxicology, Michigan State University, East
Lansing, MI.
Kupffer cells (KCs) contribute to acute hepatotoxicity from a variety of chemicals.
The mechanisms by which KCs participate in injury involve release of soluble mediators and a cascade of injurious events that occur as a consequence of this release.
Cytokines, chemokines or products of cyclooxygenase-2 released by KCs can activate cell death pathways or promote accumulation of neutrophils in the liver.
Neutrophils in the parenchyma contribute to tissue injury by releasing toxic factors
that kill hepatocytes. KC-derived mediators can also indirectly activate hemostasis,
leading to fibrin deposition and liver hypoxia. Through activation of KCs, inflammatory stress can sensitize the liver to hepatotoxicants. For example, cotreatment
with endotoxin to incite inflammation increases hepatotoxicity of several xenobiotics, and inactivation of KCs affords protection from injury. Two models of inflammation-chemical interactions will be discussed. In animals cotreated with endotoxin and monocrotaline, injury occurs to hepatic endothelial cells as well as
parenchymal cells. Tumor necrosis factor-alpha (TNF), neutrophils and the coagulation system play critical roles in liver injury. KCs contribute to TNF production
and hepatic neutrophil accumulation but do not appear to be involved in activation
of the coagulation system. In the case of allyl alcohol-endotoxin interaction that
leads to hepatotoxicity, products of cyclooxygenase-2 such as prostaglandin D2 are
important for hepatocellular killing. Thus, KCs are a critical, proximal player in
xenobiotic-inflammation interactions, and products they release can potentiate hepatotoxicity through several mechanisms.

1124

THE ROLE OF KUPFFER CELLS IN IMMUNEMEDIATED ADVERSE DRUG REACTIONS

C. Ju1, Q. You1, L. Cheng1 and T. P. Reilly2. 1Pharmaceutical Sciences, University
of Colorado Health Sciences Center, Denver, CO and 2Drug Safety Evaluation,
Bristol-Myers Squibb, Syracuse, NY.
The unpredictable and severe nature of immune-mediated adverse drug reactions
(IADR) has imposed a significant problem for clinical practice and the pharmaceutical industry. One possible explanation for the relatively low incidence of IADR is
that most individuals develop tolerance to immunogenic drug-protein adducts.
Previous studies examining this hypothesis, using a model hapten, demonstrated
that immune tolerance was induced by a protein adduct of the hapten, and that hepatic macrophages (Kupffer cells, KC) play an important role in such tolerance;
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however, the mechanism remains unclear. We hypothesize that KC, acting as antigen presenting cells (APC), are capable of down-regulating antigen-specific T cell
responses. Phenotypes of KC relevant to their acting as APC were characterized by
flow cytometry. Immunogenicity of KC was evaluated using OVA-specific T cell receptor (TCR) transgenic T cells. KC express normal levels of MHC II, but significantly lower levels of co-stimulatory molecules, such as B7-2 and CD40, compared
with other known potent APC, including dendritic cells (DC) and macrophages in
the spleen. Moreover, KC not only do not elicit T cell response, but also strongly
inhibit T cell activation induced by other APC. These results indicate that KC represent a population of tolerogenic APC and contribute to the mechanism of livermediated systemic immune tolerance through suppressing T cell responses. Genetic
and environmental factors that impair the tolerogenic activities of KC may contribute as risk factors in determining patients susceptibility to IADR.

1125

ROLE OF THE KUPFFER CELL IN MODULATION OF
HEPATIC PRENEOPLASTIC LESION GROWTH

L. M. Kamendulis and J. E. Klaunig. Department of Pharmacology and Toxicology,
Indiana University School of Medicine, Indianapolis, IN.
The induction of chemically induced hepatic neoplasia is a multi-step process involving DNA damage and cell proliferation. Historically, research has focused on
the hepatocyte as the target cell of chemical carcinogens, however recent studies are
emerging that suggest a role for non-parenchymal cells, in particular, Kupffer cells,
as mediators of cell proliferation by hepatic tumor promoters. Studies in our group
are exploring the hypothesis that activation of Kupffer cells results in the release of
growth regulatory signaling molecules, such as cytokines and reactive oxygen
species, that increase hepatocellular proliferation. The induction of cell proliferation is expected to be transient in normal hepatocytes and sustained in preneoplastic focal lesions, which will ultimately result in the selective clonal expansion of
preneoplastic hepatocytes (hepatic tumor promotion). Through examining the effect of Kupffer cell modulation on the hepatic cell growth regulation and clonal expansion of preneoplastic lesions in rodent liver, studies have demonstrated that activation of Kupffer cells by lipopolysaccharide (LPS) in mice increased the number
of Kupffer cells and DNA synthesis in hepatocytes while depletion of Kupffer cells
via liposomal administration of clodronate, reduced the number of Kupffer cells
and inhibited LPS-mediated TNFα production. Of importance to hepatocarcinogenesis, Kupffer cell depletion reduced the basal level of DNA synthesis in liver, and
prevented LPS-induced DNA synthesis (~80% reduction). Using a preneoplastic
hepatic focal lesion model, Kupffer cell activation increased the relative number
and volume of focal lesions, as well as the rate of DNA synthesis within foci.
Inactivation of Kupffer cells reduced the number, volume and DNA synthesis in diethylnitrosamine-induced hepatic focal lesions. These data provide evidence supporting the involvement of the Kupffer cell in hepatocarcinogenesis, and suggest
that this cell population may function at the tumor promotion stage of the cancer
process. Supported in part by NIH R01CA100908.

1126

KUPFFER CELL ACTIVATION BY NON-GENOTOXIC
CHEMICALS: DOES IT PLAY A ROLE IN
HEPATOCARCINOGENESIS?

I. Rusyn and C. Woods. University of North Carolina at Chapel Hill, Chapel
Hill, NC.
Both acute and chronic effects of many non-genotoxic chemicals in liver are
thought to be mediated through activation of nuclear receptors. Peroxisome proliferators, a class of rodent liver carcinogens that are also relevant for human health,
are one classic example. The current body of knowledge on these compounds shows
an important role for peroxisome proliferator activated receptor (PPAR)alpha-dependent molecular events and PPARalpha is required for liver carcinogenesis in animals fed peroxisome proliferators chronically. At the same time, several groups reported that PPARalpha-independent events, that include an increase in liver
oxidants and mitogenic cytokines, also take place and are mediated by Kupffer cells.
A combination of in vivo and in vitro studies was conducted to address the role of
the Kupffer cell activation in acute, sub-chronic, and chronic effects of peroxisome
proliferators in the rodent liver. By using PPARalpha-null mice and animals deficient in NADPH oxidase (p47phox-null) we show that while PPARalpha is required for the sustained activation of peroxisome proliferator-induced molecular
processes that ultimately result in liver tumors, the Kupffer cell-mediated events
play a role only in the early stages of the response. Collectively, it is apparent that
peroxisome proliferators activate Kupffer cells to generate oxidants and increase mitogenic cytokines independent of PPARalpha; however, the Kupffer cell-mediated
events require activation of PPARalpha in parenchymal cells to achieve the overall
pathophysiological outcome. These studies are important because they demonstrate
how a class of non-genotoxic chemicals that requires a nuclear receptor for their
carcinogenic effects can exert receptor-independent actions that are also important
for the overall mechanism. (Supported by ES11391, ES12686, and ES11660).
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ROLE OF THE KUPFFER CELL IN MEDIATING THE
RESPONSE OF THE LIVER TO LIGANDS FOR PPARα

R. Roberts. Safety Assessment, AstraZeneca, Macclesfield, United Kingdom.
Peroxisome proliferators (PPs) are rodent nongenotoxic hepatocarcinogens that act
via the PP activated receptor α (PPARα) to cause peroxisome proliferation, induce
DNA synthesis and suppress apoptosis in rodent hepatocytes. Extensive evidence
suggests that hepatic nonparenchymal cells (NPCs), particularly Kupffer cells are
required for this proliferative response to PPs. However, the mechanisms of this dependency remain elusive. Activated NPCs, particularly Kupffer cells, are implicated
in producing oxygen radicals, tumour necrosis factor α (TNFα) and interleukin-1
(IL1) and the hepatocyte growth response to PPs can be prevented by antibodies to
either TNFα or TNFα receptor 1 (TNFR1). Despite this, the data to support an
effect of PPs on Kupffer cell cytokine production are conflicting; some laboratories
report PP-induced increases in TNFα mRNA whereas others propose that PPs induce release rather than de novo TNFα gene expression. To investigate this, we
evaluated if Kupffer cell conditioned medium could support hepatocyte proliferation and also conducted bioassays for the presence of TNFα in NPC-conditioned
medium exposed to PPs. All these results were negative. Furthermore, diffusion
chamber experiments showed that actual contact between Kupffer cells and hepatocytes was required at least in vitro for the Kupffer cells to support PP-mediated proliferation. Interestingly, Kupffer cells isolated from PPARα null mice shared the
ability of wild type Kupffer cells to support the response of hepatocytes to PPs.
However, as expected, PPARα null hepatocytes remained non-responsive, irrespective of the Kupffer cell genotype. Overall, these data support a role for Kupffer cells
in facilitating a response of hepatocytes to PPs via a mechanism that remains to be
determined but is ultimately dependent on the presence of PPARα in the hepatocyte but not the nonparenchymal liver cell population. In addition, the role that
Kupffer cells play in the response of the liver to PP shares many similarities to the
response to other toxicants and is not specific to PP- induced hepatocarcinogenesis.

1128

USING STRUCTURE-BASED APPROACHES FOR
HAZARD IDENTIFICATION AND RISK ASSESSMENT

N. Greene1 and R. J. Kavlock2. 1Safety Sciences Groton, Pfizer Inc., Groton, CT and
2
National Center for Computational Toxicology, US Environmental Protection Agency,
Research Triangle Park, NC.
Social demands to ensure public health and safety from either planned or accidental exposure to new molecular entities whilst still maintaining a flow of new and
more effective medicines or the necessary commercial advances in personal products, requires both industry and regulatory authorities to identify and manage the
risks presented by an increasingly large number of novel compounds. Often these
initial assessments are made in the absence of high quality toxicology data and generating this data would take many years and millions of dollars for each compound
under review. As a result, the scientific community has been seeking ways to prioritize these new and existing chemical entities according to their potential for adverse
effects to either humans or the environment.
Structure-based approaches to hazard identification and risk assessment offer significant advantages for both industry and regulator alike but their application is not
without its drawbacks. On the positive side, these types of approaches to hazard assessment are very fast and cheap to run once they have been successfully implemented. In addition, these approaches offer a highly attractive public relations solution in view of the increasing demands to refine, reduce or replace animals in
laboratory experiments. However, questions still exist about their ability to accurately distinguish between toxic and non-toxic molecules and their effectiveness in
ensuring public safety.
This symposium will highlight recent experiences and learnings in the practical application of structure-based hazard identification and/or risk assessment across a
broader scope of industry and regulatory agencies. The presentations will illustrate
how structure-based assessments are being applied towards a variety of potential
hazards (genetic toxicity, carcinogenicity, skin sensitization, etc.) and how this information is being used to aid in decision-making (e.g. development, risk management, exposure controls, prioritization of biological testing).

1129

CHALLENGES AND APPROACHES FOR ESTABLISHING
PRIORITIES AND CATEGORIZING HAZARDS FOR
CHEMICALS BY THE US EPA

R. J. Kavlock. National Center for Computational Toxicology, USEPA, Research
Triangle Park, NC.
The US EPA faces a number of challenges in establishing priorities for screening
and testing (e.g., for potential endocrine disrupting agents) and for categorizing
chemicals (e.g., the High Production Volume Chemicals). This presentation will
compare the needs relevant to environmental chemicals with those of the drug de-

velopment industry and present ideas for a path forward. Significant differences relate to setting acceptable false negative rates, and the likely lower potency values of
environmental chemicals versus drug candidates. Regardless of any differences,
however, there is overlap in the hopes of both groups that modern molecular tools
will facilitate the identification of chemical and biological properties that potentially enable interactions with toxicity pathways. The recent development of the
NIH Molecular Libraries Initiative is sure to spawn additional attention in this
area. Within EPAs National Center for Computational Toxicology, a prioritization
concept termed “ToxCast” is being considered that is based on the assumption that
toxicological hazard is a result of chemical-biological interactions, and that information pertinent to such interactions can be derived from a number of information
domains for large numbers of chemicals. These domains include physical-chemical
properties, predictions of reactivity by structure-activity analyses, interactions with
specific cellular macromolecules, reactions of cellular based assays, and “omic” information derived from cells in culture or whole animals. Informatic tools would
then be applied within and across the domains to cluster chemicals exhibiting similar properties or patterns of activity. Using an initial set of chemicals whose toxicological profile is well characterized will allow a proof of concept demonstration of
the fesaibility of the approach. This is an abstract of a proposed presentation, and
does not necessarily reflect Agency policy.

1130

ASSESSMENT OF THE GENOTOXIC POTENTIAL OF
PHARMACEUTICAL IMPURITIES USING STRUCTUREBASED METHODS: PRIORITIZING LOW LEVEL
ANALAYTICAL MEASUREMENT AND CONTROL OF
IMPURITIES

K. L. Dobo1, M. O. Cyr1, N. Greene2 and W. W. Ku1. 1Genetic Toxicology, Pfizer
Global R & D, Groton, CT and 2Molecular and Investigative Toxicology, Pfizer
Global R &D, Groton, CT.
Starting materials and intermediates used in the synthesis of pharmaceuticals are by
their necessity reactive in nature and may be present as impurities of active pharmaceutical ingredient (API). In some cases starting materials and intermediates
may be known or suspect mutagens and/or carcinogens. Limiting human exposure
(and therefore risk) to genotoxic impurities during drug development requires analytical and safety diligence beyond that prescribed in the ICH Q3A guidance. This
can present a significant challenge early in the development life cycle of a drug candidate as synthetic experience and knowledge is limited. To address this issue, we
have practically applied structure-based assessments to prioritize the development
of low-level detection and control methods to those impurities that present the
greatest mutagenic and/or carcinogenic risk. An overview of the approach applied,
lessons learned and representative case studies will be presented.

1131

A STRATEGY FOR USING STRUCTURE ACTIVITY
RELATIONSHIPS (SAR) FOR TOXICITY AND SAFETY
PHARMACOLOGY IN PHARMACEUTICAL R&D

L. Mueller. PRBN-T, F. Hoffmann-La Roche LTD., Basel, Switzerland. Sponsor: N.
Greene.
Failure of projects in the pharmaceutical industry due to unwanted toxicities is still
very high. The later these failures occur, the more costly they are. The industry has
therefore adopted strategies of frontloading in silico and in vitro methods of high
and medium throughput to assess toxicities of drug candidates early in drug discovery, often in parallel to pharmacological characterisation. Because in vitro and in
vivo models for toxicity/safety pharmacology are limited in throughput, they need
to be supported by in silico SAR approaches. SAR approaches in turn must be improved with gold standard in vitro and in vivo data to make them more predictive.
Ideally, a sharing of information about toxicities over the whole chemical space
across the industry would facilitate a fast improvement of such methods. Sharing of
such information, however, is limited due to various reasons. An international collaboration with Lhasa (Uk) on a structure-searchable database for toxicology
named VITIC is a fist step for information sharing. As of today, the areas of genotoxicity, liver toxicity, phospholipidosis and hERG channel blockage are priorities
of improving in silico toxicity within Roche as well as across companies and filters
have been generated to optimize structure selection.

1132

THE USE OF STRUCTURE ACTIVITY RELATIONSHIPS
(SAR/ QSAR) IN SKIN SENSITIZATION RISK
ASSESSMENT

P. S. Kern. Procter F. Gerberick.
As most of our consumer products are in close skin contact while used, skin sensitization is one of the first endpoints to consider when evaluating new company materials. We are developing a Skin Sensitization Alternatives Program (covering in

vitro and in silico methodologies) which is seeking not only to develop alternative,
non-animal methods for skin sensitization testing but also to incorporate those
methods into an improved risk assessment process based on our scientific understanding of the mechanisms of skin sensitization. The newly developed alternative
methods will be used in a battery approach as a) screening tools for assessing skin
sensitization potential early on in the discovery phase of the product development
process and b) will be incorporated into our risk assessment process to guide toxicologists. Some methods, in particular SARs and QSARs, as well as protein reactivity measures are currently incorporated in a “weight of evidence” approach for decision making on screening or prioritizing of new company chemicals. With the help
of structural or mechanistical information decisions are made during the product
development process and the need for hazard testing can be significantly reduced.

1133

EMERGENCE OF (Q)SAR DECISION SUPPORT
INFORMATION IN FDA APPLICATIONS

E. J. Matthews, N. L. Kruhlak, R. Benz and J. F. Contrera. Office of
Pharmaceutical Science, Food and Drug Administration, Rockville, MD.
FDA has historically relied upon the results of animal toxicology studies and clinical trials to assess the safety and efficacy of FDA regulated substances. This talk describes the emergence of (Q)SAR and other in silico technologies into specific applications within FDA. [1] Critical Path (FDA/CDER): In keeping with its
mission, the FDA has issued a report to address the growing crisis in moving basic
discoveries to the market where they can be made available to patients. In this report, the ‘old path’ of development of drugs: a) preclinical development; b) clinical
development; c) drug approval, marketing, and post-market surveillance has been
modified to reflect the availability of new basic science techniques. The new critical
path incorporates using structure activity relationships (SARs) and computer models to select the best lead substances. [2] Food Contact Notification (FCN) Program
(FDA/CFSAN/OFAS): The FDA Modernization Act of 1997 establishs a new
process by which a FCN becomes effective and the food contact substance (FCS)
may be legally marketed for the proposed use 120 days after acceptance of the submission, unless FDA concludes that the safety has not been demonstrated and so
informs the notifier. In order to meet this deadline. CFSAN/OFAS instituted a
FCN administrative process that makes use of Q)SAR analysis in the safety evaluation of FCSs. [3] Computational Toxicology Program and Consulting Service
(FDA/CDER/OPS/ICSAS): ICSAS has a program and service to apply and develop (Q)SAR software programs to provide decision support information for a variety
of
Agency
regulatory
and
research
activities
(http://www.fda.gov/cder/Offices/OPS_IO/ICSAS.htm). At FDA/CDER this includes screening of lead pharmaceutical candidates under NIH/NIDA Contract,
and the evaluation of contaminants and degradation products of pharmaceutical
products for hazard identification. The in silico program and service have grown
through leveraging agreements; a battery of different (Q)SAR software programs
have been developed and validated and are being actively used.

1134

THE WAR ON OZONE IN THE 3RD MILLENNIUM:
TOXICOLOGY AND HEALTH EFFECTS UPDATE

D. K. Bhalla1 and M. W. Foster2. 1Fund/Appl. Sciences., Wayne State University,
Detroit, MI and 2Pulmonary and Critical Care Medicine, Duke University Medical
Center, Durham, NC.
Although airborne PM has received considerable attention with respect to health
effects, ozone remains a major toxic component of the photochemical smog. It is
generally recognized that the properties and potency of individual toxicants may be
modified upon their combination in complex atmospheres. Furthermore, in
chronic exposures, a lung response induced during the initial exposure is likely to
be modified by subsequent exposures. This is presumptive, but based upon the potential for cells and tissues injured during the initial insult to become more, or perhaps even less, susceptible to additional injury by a subsequent insult. As a mechanistic explanation for lung injury, O3 and other air pollutants are known to react
with cell membranes within the respiratory tract and initiate a direct response
through oxidative actions. The destruction of protective mechanisms, either by a
direct action of oxidants in the air or through the effects of inflammatory mediators, offers an explanation for the altered susceptibility to complex atmospheres or
upon repeat exposures. Epidemiological studies have also identified greater vulnerability of sensitive populations, such as the children, the elderly and individuals
with cardiopulmonary conditions, to air pollutants. It is suggested that high ozone
levels in the air substantially increase the risk of illness and death for compromised
individuals. Clearly, the role of ozone in the toxicity of air pollution can not be ignored. A need for reevaluation of current air quality standards for ozone is recognized, and there is a growing interest in understanding its contribution to the development of chronic lung disease. With ozone as the focus, the symposium will
address the above issues, by discussing ozone dosimetry, developmental status of the
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respiratory system, cellular and inflammatory mechanisms of lung injury, human
health effects, sensitivity of susceptible populations, modification of particle toxicity in mixed atmospheres and future directions.

1135

WHERE DOES INHALED OZONE GO?

J. S. Ultman, L. Y. Santiago, A. Fassih and A. Ben-Jebria. Chemical Engineering,
Penn State University, University Park, PA. Sponsor: D. Bhalla.
The spatial distribution of ozone (O3) uptake in human lungs results from flow
and diffusion processes that are influenced by both breathing pattern and anatomy.
Using a bolus inhalation method, we previously observed that most inhaled O3 is
absorbed into the conducting airways during quiet breathing. As tidal air flow is increased during physical activity, the percentage of inhaled O3 removed by the conducting airways decreases, allowing a greater percentage of O3 to penetrate into respiratory airspaces. In addition, we found that the nose more efficiently absorbs O3
than the mouth, and people with smaller airways remove O3 more efficiently than
people with larger airways. Given the chemical reactivity of O3 with a variety of antioxidants and other sacrificial substrates, one would also expect O3 uptake to depend on the composition of the mucous lining layer. To test this hypothesis, we recently studied O3 uptake during unidirectional flow through the nasal passages.
Fractional absorption (FA) was measured between the inlet nostril to which
ozonated air was supplied and the outlet nostril from which O3-depleted air was
discharged. In two separate experiments, the composition of nasal mucous was perturbed by: 1) sequential lavage with physiological saline solution at one-minute intervals; and 2) continuous 30-minute exposure to O3. Prior to and following these
perturbations, lavage samples were assayed for uric acid (UA), the most abundant
antioxidant in nasal mucous. For both experiments, we observed a decrease in FA
that was significantly related (p<0.01) to a simultaneous decrease in UA concentration. This relationship could be simulated by a mathematical model of simultaneous diffusion and chemical reaction in the mucous layer. The results of this research
suggest that local values of O3 uptake into the conducting airways are directly
linked to the reaction of O3 with antioxidants in the mucous layer (Supported in
by NIH grant RO1 ES06075).

1136

EARLY POSTNATAL LUNG DEVELOPMENT IS HIGHLY
SUSCEPTIBLE TO PERMANENT DISRUPTION BY
OXIDANT STRESS FROM OZONE EXPOSURE

C. G. Plopper. VM-APC, University. of California, Davis, CA.
Lung growth and development begin early in fetal life and continue for a significant
period after birth. This is especially the case in long lived species, such as humans
and nonhuman primates. Although the origin of many lung diseases can be traced
to early development, quantitative data on growth and remodeling as a consequence of oxidative injury from postnatal exposure to oxidant air pollutants, such
as ozone, is fairly limited. This is especially true for the tracheobronchial airways.
While the basic branching pattern is established prenatally, the majority of the
growth and differentiation in the airways occurs after birth. The cyclic nature of environmental exposures may enhance the level of disruption of normal developmental processes by producing repeated cycles of injury and repair. Using a nonhuman
primate, the rhesus monkey, as a model, our group at UC Davis has established that
cyclic exposure to ozone during the first 6 months of life: stunts airway growth, reduces the number of branches, changes alveolarization, alters epithelial and interstitial cell differentiation, impedes mucosal innervation and alters the establishment
of mucosal immunity. Many of the changes occur early in postnatal life and do not
appear to be completely reversible with a recovery period in filtered air.

1137

INFLAMMATORY MECHANISMS IN OZONE INDUCED
MUCOSAL INJURY IN THE LUNG

D. K. Bhalla. Fund/Appl. Sciences., Wayne State University, Detroit, MI.
Ozone (O3), an oxidant air pollutant, constitutes a risk factor in the development
of lung injury and chronic disease. Environmental exposures of humans to O3
occur primarily through inhalation, and the cells lining the respiratory mucosa constitute a major target of action. One consequence of O3 interaction with the airway
mucosa is the disruption of epithelial barrier in such a way as to facilitate the transport of a toxic particulate co-pollutant from the inhaled air across the airway epithelia, and its subsequent deposition in the subepithelial compartment. The retention of toxicants in this region for extended periods introduces a risk of
continued exposure following an acute episode. This mechanism also offers an explanation for an altered sensitivity of the newborns following maternal exposures.
Another related consequence of ozone exposure is the recruitment of inflammatory
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cells from the vascular pool through a series of steps involving activation of inflammatory cells in blood circulation, followed by an alteration of cell mobility, a realignment of cytoskeleton so as to support cell migration, and an upregulation of
cell adhesion molecules for attachment of inflammatory cells to pulmonary endothelia prior to their entry into the lung. TNFα appears to play a central regulatory role in a process involving both pro- and anti-inflammatory cytokines, including IL-1, IL-6 and IL-10. However, the results support the notion that the
pathophysiologic events set into motion by ozone exposure involve a diverse set of
complex cellular and molecular interactions. The net outcome of O3 exposure appears to be an effect of inflammatory stimulation superimposed on the direct oxidative damage of respiratory membranes by O3. Although short term exposure
studies performed under controlled conditions do not result in the development of
a chronic disease, these experimental studies make vital contributions through their
role in elucidating the mechanisms of injury and by identifying changes that serve
as important early indicators for predicting the development of lung disease upon
chronic exposures.

1138

LESSONS LEARNED FROM LABORATORY EXPOSURE
OF HUMANS TO OZONE: DIFFERENTIAL
SUSCEPTIBILITY

W. M. Foster. Pulmonary & Critical Care Medicine, Duke University Medical
Center, Durham, NC.
We recently initiated a program to fully define response parameters of the lower
human airway (bronchospasm, hyper-responsiveness, and epithelial permeability)
to the air pollutant ozone. Our approach was to recruit healthy subjects (18-35 yr)
and expose them separately under laboratory conditions to ozone (O3, 220 ppb)
and filtered air (FA); exposures had durations of 2.25 h and included alternating 15
min periods of rest and light treadmill exercise. The experimental design enabled us
to establish if an inter-relatedness of the response parameters existed, and whether
healthy subjects are differentially responsive to O3. For 86 subjects (33 women and
53 men) evaluated thus far, phenotyping of the lung response to O3 has established
the following: immediately post-exposure, 44 % of the subjects had a greater than
10% fall in the FEV1 after O3; and at 24 h post-exposure we found 43% of subjects were AHR responsive to methacholine, and 33 % of subjects exhibited an O3induced loss in epithelial integrity, i.e.,the respiratory epithelium was rendered
more permeable to small, hydrophilic molecules.A summary of the O3 response
data reflects the inter-relationships between the 3 response phenotypes [airway responsiveness to methacholine, acute fall in FEV1, and an increase in epithelial permeability]. Airway response to O3 had 3 separable phenotypes; for example, 37 of
the 86 subjects developed AHR after exposure to O3, and of these 35 subjects, 17
had an acute fall in FEV1, and 13 had increased epithelial permeability (EP).
Physiologically, the 3 responses can demonstrate overlap; however mechanistically,
the early O3-induced decline of the FEV1 has been shown by others to be largely
determined by irritant and C-fiber neuronal reflexes to the lung; whereas the development of methacholine sensitivity is likely related to several triggers, including
neuronal, but also pharmacokinetics of receptors, and release of inflammatory mediators and cytokines, and changes in epithelial integrity are largely driven by cellular and membrane injury.

1139

HUMAN HEALTH EFFECTS OF AMBIENT OZONE:
EPIDEMIOLOGICAL AND PHYSIOLOGICAL
PERSPECTIVE

I. B. Tager. School of Public Health, University of California Berkeley, Berkeley, CA.
Sponsor: D. Bhalla.
Data from many epidemiological and controlled human exposure studies have documented associations between high concentrations of ambient ozone (O3) and
chronic respiratory symptoms and disease. Recent studies have focused on adverse
effects of day-to-day changes in O3 concentrations on respiratory symptoms,
changes in lung function and on cardiovascular mortality.
One early study on the effects of long-term exposure to ambient concentrations of O3 was the Adventist Health Study based its exposure metrics on
person-specific estimates of long-term ozone exposure. The study could not really
separate O3-associated health effects (asthma/obstructive lung disease) from those
of particles; and longitudinal analyses from this study have been somewhat equivocal. The recent USC Children’s Health Study has provided evidence that exposure
to O3 may be important in the first occurrence of asthma, although, again, the extent to which the effect is unique to O3 is not entirely clear. A study that reconstructed lifetime exposure to O3 in young adults has found an association between
lifetime exposure to O3 and measures of small airways function in the lung-the site
of maximum O3 deposition in the lower respiratory track. Ongoing longitudinal
studies in several populations of children and adolescents should provide clearer evidence as to the role of long-term O3 exposure and the occurrence of chronic respiratory diseases, symptoms and altered lung function.

Until recently, acute effects thought to be associated with day-to-day
change in O3 concentrations were limited to respiratory symptoms and changes in
lung function. Recent meta-analyses and data from the National Morbidity and
Mortality Air Pollution Study (NMMAPS) have now shown that daily fluctuations
in O3 concentrations are associated with increased daily mortality from cardiovascular diseases in addition to the acute morbidities noted previous.
This presentation will review what currently is known about factors that
enhance health risks related both to short and long-term exposures to ambient O3.

1140

DENDRITIC CELLS AND SKIN SENSITIZATION:
BIOLOGICAL ROLES AND USES IN HAZARD
IDENTIFICATION

G. Gerberick1 and I. Kimber2. 1Procter & Gamble, Cincinnati, OH and 2Syngenta,
Macclesfield, United Kingdom.
The purpose of this Workshop is to describe advances that have been made in recent years in our understanding of the roles played by cutaneous dendritic cells in
the induction of contact allergy. In addition, the ways in which such advances in
dendritic cell biology have been exploited to develop alternative approaches to the
identification and characterization of skin sensitizing chemicals will be presented.
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LANGERHANS CELLS, CYTOKINES, INDUCTION OF
SKIN SENSITIZATION, AND ITS MODIFICATION

K. Cooper1, 2, 3. 1Dermatology, Case Western Reserve University, Cleveland, OH,
2
University Hospitals of Cleveland, Cleveland, OH and 3VA Medical Center,
Cleveland, OH. Sponsor: F. Gerberick.
Induction of delayed type hypersensitivity immune reactivity through epicutaneous
exposure results in contact sensitization and allergic contact dermatitis. This can be
advantageous for the host in developing appropriate immunity to pathogens or
cancer cells, but is also a major cause cause of toxicologic occupational disability or
consumer reactions if chemical agents are sensitizers. Most sensitizers are chemically
reactive with membrane molecules on keratinocytes and dendritic processes of epidermal Langerhans cells, signal for cytokine and adhesion molecule changes, and
the LC migrate to draining lymph nodes. Here, T cells with specificity for the sensitizer activate and expand in sufficient numbers to create dermatitis at the exposure
sites. Modification of this process creates a combined exposure toxicology model,
and genomic and proteomic analyses elucidate control mechanisms that can be utilized to reduce sensitization thresholds or treat dermatitis. For instance data will be
presented which shows that UV radiation to the skin, prior to exposure to the sensitizer, alters the genomic and proteomic mileau that the sensitizer induces its signaling within. This alteration extends beyond soluble mediators to include changes
in the composition of the immnuocytes present in the skin, and changes in the differentiation of newly immigrating immunocytes with potential to become antigen
presenting cells, such as Langerhans cells. Non-radiative mimics of these processes
may allow better control of sensitization occuring in the workplace and as a result
of product exposure.
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GENE EXPRESSION CHANGES INDUCED IN
CULTURED DENDRITIC CELLS BY CHEMICAL
ALLERGENS

L. A. Gildea. Corporate Biotechnology, Procter & Gamble, Cincinnati, OH. Sponsor:
G. Gerberick.
Gene expression profiling is a valuable tool to investigate cellular processes at the
molecular level. Thus in previous experiments, we performed holistic expression
profiling of cultured dendritic cells in response to a known chemical allergen, dinitrobenzene sulfonic acid (DNBS), in order to explore the molecular pathways and
genomic responses that might be involved in the induction of contact allergy.
From this dataset we selected a panel of genes that was further confirmed by quantitative real-time PCR analysis for their reproducibility and usefulness as markers
for contact allergy. In this study, we have expanded analysis of our candidate gene
list beyond DNBS to include 15 chemicals of varying potency and activity.
Peripheral blood-derived derived dendritic cells (PBMC-DC) were treated for 24
hours with various doses of chemicals and RNA was extracted for use in real-time
PCR reactions. Specific primers were designed for 30 genes and their expression
values are presented as mean fold change in treated samples compared to medium
or vehicle-treated control samples. Fold change comparisons were made for each
dose of each chemical that was tested and was used to generate a scoring table of
candidate genes for further prioritization of genes of interest. A change of over 2
fold in the appropriate direction over control samples was designated as a positive
response and the data are presented as the number of chemicals to which a positive

response was recorded out of the number of chemicals to which that gene was
tested against. Additional information provided are chemicals that were not tested
for a particular gene, chemicals that tested negative for sensitizers or positive for irritants, and the number of experiments to which a positive result for irritants was
recorded. Real-time PCR analysis of transcriptional changes in PBMC-DC has
identified numerous genes that upon initial comparative analysis between allergens
and irritants display potential usefulness as an endpoint measure for the prediction
of contact allergy.
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APPROACHES TO SKIN SENSITIZATION HAZARD
IDENTIFICATION USING CULTURED DENDRITIC
CELLS

M. J. Pallardy, D. Antonios, F. Boisleve and S. Kerdine. Toxicologie, Faculte
Pharmacie, University Paris-Sud, Chatenay-Malabry, France.
During in vivo immune responses, the role of antigen-presenting cells (APC) is
played primarily by DCs acting as initiators of the immune response. DC physiology has progressed because of the discovery of culture techniques that support the
in vitro generation of large numbers of human DCs from hematopoietic progenitors. Human DCs are generated either from monocytes using GM-CSF and IL-4
and then TGF-beta or from CD34+ progenitor cells using GM-CSF and TNFalpha. In vivo painting of murine skin with chemicals, such as FITC, provokes an
influx of Langerhans cells in the draining lymph nodes. Considering similarities between immunity to simple chemicals and that to infectious agents, it is reasonable
to speculate that the hapten itself stimulates DC maturation. Recently, it has been
shown that haptens directly activate cultured human DCs showing the upregulation of maturation markers (CD83, CD80, CD86, CD40, MHCII). Mitogen-activated protein kinase (MAPK) have been described to play a major role in DC maturation induced by LPS through Toll-like receptors. Haptens induce the
phosphorylation of p38MAPK and c-Jun N-terminal kinase (JNK) and inhibition
of p38MAPK is correlated with alteration in phenotypic indicators of DC maturation suggesting again similarities between danger signals and haptens for DC activation. It can be considered that all the results obtained established a proof of concept. However there is a number of challenging issues that need to be adressed
before formal validation studies take place: (1) Are we able to extend the observations made with few strong haptens to other haptens ? (2) Do haptens trigger signals in the DC as do danger signals ? (3) Haptens are very diverse in their structure
and consequently it is important to understand what are the molecular mechanism
involved for each class of hapten, (4) With the haptens known to be positive in
human DC models is it possible to show differences between the two human DC
models available ?
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RING TRIALS OF DENDRITIC CELL SURROGATE CELL
LINES

C. Ryan. Procter & Gamble Company, Cincinnati, OH.
The performance of in vitro methods for skin sensitization which use monocytic
cell lines as surrogate dendritic cells (DC) are being evaluated in ring trials sponsored by the Skin Tolerance Task Force of the European Cosmetic, Toiletry and
Perfumery Association (COLIPA). Limitations in using human peripheral blood
derived dendtitic cells (DC) such as the number of cells available from a single
donor and the reported donor-to-donor variation in responsiveness to sensitizers
have lead researchers to investigate the use of commercially-available human monocytic cell lines as potential surrogates for DC. Test methods based on two such cell
lines, specifically the THP-1 (monocytic leukemia cell line) and U-937 (histiocytic
lymphoma; promonocytic) cell lines have been the focus of recent COLIPA ring
trials. The human Cell Line Activation Test (h-CLAT) examines the level of expression of CD86, a co-stimulatory molecule, and CD54, an inter-cellular adhesion
molecule, on the surface of THP-1 cells using flow cytometry following 24 hours of
chemical exposure. The U937/CD86 test is based on the up-regulation of CD86
on the surface of U937 cells assessed by flow cytometry after 48 hour exposure to
test chemicals. The overall objectives of these trials were to evaluate protocol transfer and performance and, if indicated, to identify areas for protocol and/or prediction model refinement. Based on the outcome of this work, the most judicious view
at present is that with further refinement some of these cell lines show promise as
surrogates for DC in development of in vitro skin sensitization methods.
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DISCUSSION: THE WAY FORWARD
2

D. A. Basketter , G. Gerberick1 and I. Kimber3. 1Procter & Gamble, Cincinnati,
OH, 2Unilever, Sharnbrook, United Kingdom and 3Syngenta, Macclesfield, United
Kingdom.
Considerable progress has been made in the development and refinement of technologies that permit the maintenance in culture of dendritic cells (DC) of defined
phenotypes and of cells that display functional and phenotypic properties similar to
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those of DC. Such technical achievements have been, and continue to be, exploited
to facilitate a more detailed understanding of DC biology and to facilitate the design and evaluation of alternative approaches for the identification and characterisation of skin sensitizing chemicals. Progress in this area has been facilitated further
by the application of microarray profiling technology to permit characterisation of
changes in gene expression in DC induced by encounter with skin sensitizing
chemicals. Although experience to date is encouraging, there is a need now to consolidate what has been achieved and to select robust markers of sensitizing activity
that will permit not only sensitive hazard identification, but also assessment of relative potency in the context of risk assessment.
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GENOMICS IN RISK ASSESSMENT: UTILITY FOR THE
CHARACTERIZATION OF MODE OF ACTION

I. Pagan and D. C. Wolf. USEPA, Research Triangle Park, NC.
Microarray technologies promise to greatly enhance our ability to describe pathophysiological processes, including toxicant-induced responses. Differential gene expression after exposure to a toxicant will allow for the determination of potential
biomarkers of toxicity. These array-based biomarkers should enable the detection of
changes at a very early stage in the progression of toxicant-induced adverse health
effects. The realization of these promises, however, depends on careful validation,
statistical analysis, and corroboration of genomic responses with responses in the
intact organism. Thus, new informatics and analytical methods as well as large integrated databases are being developed to interpret the vast amount of biological data
and turn it into useful information. Although these technologies are in the developmental stages, both the US EPA and the US FDA have developed draft guidances and policies that recognize that these data will ultimately be part of sciencebased safety and risk assessment decisions. Initially, genomic data shows promise in
the characterization of chemical-specific mode of action (MOA) and in the description of toxicity pathways that result in adverse health effects. This workshop will
present potential approaches on how genomics could be used to fill data gaps in the
characterization of the MOA used in the assessment of risk posed by environmental
chemicals.
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THE ROLE OF MODE OF ACTION INFORMATION IN
HUMAN HEALTH RISK ASSESSMENT

V. Dellarco. USEPA, Washington, DC.
There is an increasing complexity and sophistication of science considerations
called for when assessing potential human health risks under various environmental
legislative authorities such as the 1996 Food Quality Protection and Safe Drinking
Water Acts. These legislative mandates make necessary an understanding of the
mechanisms of toxicities, special susceptibilities, issues related to life-stage, and aggregate and cumulative risks. Therefore, there are significant programmatic challenges in assessing potential health risks associated with environmental chemicals.
Genomics technologies may enhance the ability to identify potential modes of toxic
action most relevant to the human health assessment of environmental chemicals.
This presentation will provide examples of how mechanistic information on key
events in a toxicity pathway has resulted in more scientifically sound hazard and
dose-response characterizations of the potential health risks associated with environmental exposures.
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INTEGRATION OF GENOMICS WITH TRADITIONAL
TOXICOLOGY

G. Boorman. NIEHS, Research Triangle Park, NC.
The analysis of gene expression data is made much easier by combining the gene expression results with traditional toxicology endpoints. For example, with hundreds
to thousands of genes showing increased and decreased expression following exposure to a chemical, finding morphological evidence of apoptosis or biliary hyperplasia can guide the initial focus of genes that may be of interest. In turn gene expression changes can help guide the morphological approach. For example, in a recent
study, gene expression changes consistent with energy loss in a low dose group lacking any histological evidence of injury prompted an ultrastructural examination
that showed mitochondrial injury in that dose group. Morphometrics can also provide better correlation with gene expression. Morphometric analysis of steatosis in
aging rats was more effective in correlating with individual gene expression changes
that was simply grading of steatosis from minimal to marked. The increasing availability of immunohistochemical stains for gene products allows not only conformation of gene expression changes but provides valuable localization within the tissue
and to specific cell types. Traditional toxicology and pathology endpoints continue
to guide and anchor gene expression analysis.
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DEFINING TOXICOLOGICAL PATHWAYS FROM
INDIVIDUAL BIOMARKERS: IDENTIFICATION OF
TECHNOLOGIES AND TOOLS CRITICAL IN
MOLECULAR RISK ASSESSMENT

A. Brooks1, 2. 1University of Medicine and Dentistry of New Jersey, Piscataway, NJ
and 2Rutgers University, Piscataway, NJ. Sponsor: D. Wolf.
The interpretation of genomics-based data sets is becoming increasingly complex
with the establishment and integration of a variety of pattern recognition, statistical
and functional tools. However, the challenge with respect to utilizing this information as a tool for risk assessment goes beyond the application of novel mathematical
models. In order to be successful in building a biological framework there needs to
be a more seamless integration of technologies, standard practices and analytical
tools allowing the experimentalist to develop a biological understanding of promising targets. This presentation will focus on both the practical and theoretical issues
with respect to developing biologically meaningful conclusions from complex data
sets as a function of risk assessment. Both laboratory and analytical practices will be
discussed in order to impart a series of “protocols” for establishing biological relevance from interesting gene expression biomarkers.

1150

BIOLOGICAL PLAUSIBILITY AND APPLICATION TO
RISK ASSESSMENT: HUMAN RELEVANCE AND DOSE
RESPONSE ANALYSIS

C. J. Borgert1, 2. 1Applied Pharmacology and Toxicology, Inc., Gainesville, FL and
2
University of Florida College of Veterinary Medicine, Gainesville, FL.
The cause of human diseases are often multi-factorial, however risk assessment has
long been limited to evaluating chemicals as potential causative factors of human
disease rather than as a causal determinant. As such, risk assessment has developed
along mosaic concepts of causality rather than linear, deterministic concepts.
Within the causal mosaic paradigm, professional judgment (an inherently subjective process) is used to perform separate evaluations of biological plausibility, doseresponse, and species extrapolation. As toxicologic understanding improved, however, it became apparent that these concepts are intertwined because biological
plausibility is synonymous with mechanism of action which both determines and
depends on dose-response. In addition species extrapolation is a function of both.
Today, a systems biology approach that couples functional genomics with traditional toxicology may allow the integration of these concepts in a linear, deterministic fashion that reduces dependence on subjective professional judgment. We
argue that this is possible only if precise experimental designs are applied that hold
to the fundamental tenets of measurement verification, experimental control of
confounding influences, and independent replication, and we explore the possibility that such an approach can transition from subjective mosaicism to scientific determinism in causality and risk assessment.
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POTENTIAL HUMAN HEALTH RISK FROM
ESTROGENIC FOOD AND CONSUMER PRODUCT
ADDITIVES- HOW MUCH IS REAL AND HOW MUCH
IS HYPE?

M. G. Soni1 and G. J. Nohynek2. 1Burdock Group, Vero Beach, FL and 2Global
Safety Department, L’oreal Research and Development, 92600 Asnieres, France.
In recent years, decreased sperm count and increased breast cancer rates have
claimed to be associated with man-made and dietary (phyto-) estrogens. Several additives used in foods and other consumer products, such as isoflavones, UV screens,
certain alkylphenols, bisphenol A, some parabens and certain phthalates have been
shown to be weakly estrogenic in in vitro or in vivo assays. As these chemicals are
widely and increasingly used, there is a growing concern as to their role in reproductive toxicity and breast cancer. Recent findings on the presence of parabens in
human breast cancer tissue samples have ignited the debate on the role of estrogenic
food additives in the development of cancer and reproductive toxicity. These findings and dilema created have raised the level of concern with both consumers and
industry. This movement is spreading to a wider audience, whether there is any
basis for concern or not. Several of the food additive estrogens are also consumed as
part of a natural food, however it is not known what effects may be produced when
consumed in isolated/ concentrated/ purified form. The current risk assessment of
estrogenic substances as food additives is performed individually and combined effects of these substances in the diet are not known. As these substances share a common mechanism of action, an aggregate risk assessment for each chemical in the
group and a cumulative risk assessment is needed. Additionally, the contributions
of ingredients with antiestrogenic activity in the diet also needs due considerations.
Should the estrogenic substances be added to foods/consumer products and if so at
what levels?
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RISK ASSESSMENT OF OESTROGENIC AND ANTIANDROGENIC SUBSTANCES IN FOOD CONTACT
ARTICLES IN THE EUROPEAN UNION

estrogenic activity lack scientific credibility. The presentation will critically evaluate
the available information on estrogenic activity of cosmetic ingredients and will put
the data into perspective in terms of a potential human health risk.

S. M. Barlow1, 2. 1Independent Consultant, Brighton, United Kingdom and
2
European Food Safety Authority, Parma, Italy. Sponsor: M. Soni.
A number of substances used in food contact materials and articles for many years,
which can migrate into food, are now known to have estrogenic or anti-androgenic
activity. This has necessitated reappraisal of the risks of continuing to use these substances. The European Food Safety Authority (EFSA) has recently re-evaluated several phthalates and bisphenol A, with emphasis on good quality multi-dose toxicity
studies, consideration of reports of low-dose effects, and information on mechanisms of action. European Tolerable Daily Intakes (TDIs) for phthalates were originally set in the 1990s, based mostly on peroxisome proliferation in rodent liver as
the critical effect. Since then, a consensus has been reached in the scientific community that rodents are particularly sensitive to this effect and that it is not an appropriate basis for human risk assessment. Accordingly, the re-evaluations of phthalates by EFSA focused on reproductive and developmental aspects of toxicity.
Di-(2-ethylhexyl)phthalate was allocated a TDI of 0.05 mg/kg bw, based on toxicity to the testes and secondary sex organs in a recent rat multigeneration study. Dibutylphthalate was allocated a TDI of 0.01 mg/kg bw, based on a recent developmental toxicity study showing loss of germ cell development and mammary gland
changes in male and female offspring. Butylbenzylphthalate was allocated a TDI of
0.5 mg/kg bw, based on reduced anogenital distance in male offspring. For diisononylphthalate and di-isodecylphthalate, while effects on offspring body weight
and survival have been noted in multigeneration studies, liver effects occur at lower
doses in rat and dog and these are not related to peroxisome proliferation; these two
phthalates have each been allocated a TDI of 0.15 mg/kg bw, based on liver
changes. Bisphenol A, which has estrogenic activity, has also been re-evaluated by
EFSA during 2005 and the outcome will be available early 2006. The basis for these
new risk assessments will be discussed.
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There is increasing evidence that the chemical constituents of cosmetics applied to
the underarm and breast area may be involved in the rising incidence of breast cancer. The strongest supporting evidence comes from published clinical observations
showing a disproportionately high incidence of breast cancer in the upper outer
quadrant of the breast, the local area to which these chemicals are applied. Recent
data showing increased genomic instability in outer quadrants of the breast is also
indicative of formation of a local cancer field in that region of the breast from a
non-systemic factor. In view of the well established role of oestrogen in the development of breast cancer, chemical constituents of these cosmetics could play a role
if they can mimic oestrogen action and if they can enter the human breast. A review
will be given of the oestrogenic properties of the esters of p-hydroxybenzoic acid
(parabens) and other chemicals in these cosmetics capable of mimicking oestrogen
action. The extent to which this oestrogenic load adds to the burden of other environmental oestrogens entering the breast from the diet will be discussed.

PRESERVATIVES AND ULTRAVIOLET FILTERS WITH
SLIGHT ESTROGENIC ACTIVITY USED IN IN
COSMETICS: IS THERE A HEALTH RISK?

G. J. Nohynek. Worldwide Safety Evaluation, L’oreal R&D, Asnieres, Cedex, France.
A recent article reporting presence of trace amounts of parabens in human breast
tumor tissues generated a wide spread public debate on the role of parabens and
other substances with slight estrogenic activity in foods and cosmetics in the etiology of human cancers. Similar debates were initiated by alleged hormonal effects of
ultraviolet filters. However, the majority of the data supporting these allegations are
weak. Although the study on parabens in breast tumors claimed an association between the use of parabens in underarm deodorant products and breast cancer, its results raised more questions than answers. Application of the criteria for causality accepted by modern epidemiology would lead to the conclusion that the study data
presented no evidence for an association or a causal role of parabens in the etiology
of human breast cancer. This view is supported by the results of an epidemiology
study that showed no association between use of underarm cosmetics and breast
cancer and is consistent with the opinion of national and international public
health organizations that exogenous substances with a weak hormone-like activity
play no role in human cancers. At present, the available reports alleging adverse reproductive effects from human exposure to food and cosmetic additives with slight

PROBLEMS FOR RISK ASSESSMENT OF ESTROGENIC
COMPOUNDS IN THE DIET

S. Safe. Veterinary Physiology & Pharmacology, Texas A&M University, College
Station, TX.
There is considerable regulatory and scientific concern regarding the possible adverse human health effects associated with exposure to estrogenic compounds and
other endocrine-active compounds (EACs). It has been hypothesized that exposure
to estrogenic EACs may increase the incidence of breast cancer in women and induce male reproductive tract problems and these latter responses may also be induced by antiandrogens. The intake of endocrine disruptors in the human diet is
considerable and consists of relatively high levels of endocrine-active phytochemicals that occur naturally in foods such as vegetables, fruits an nuts, as well as lower
levels of environmental endocrine disruptors and higher levels of personal care
products. Many of these compounds exhibit intrinsic estrogenic or antiestrogenic
activities and could be classified as dietary selective estrogen receptor modulators
(SERMs). Studies in several laboratories illustrate that prototypical phytochemicals
such as naringenin, environmental EACs such as bisphenol A, and other phenolics
can exhibit both estrogenic and antiestrogenic activities. Moreover, the profiles of
xenoestrogen activation of the estrogen receptor (ER) clearly demonstrate that these
compounds induce SERM-like responses. Risk assessment of dietary SERMs would
require a detailed knowledge of their intake and exposure and their tissue-selective
estrogenic or antiestrogenic activities. These data are not available. In addition, the
human diet also contains other endocrine-active compounds that may enhance or
inhibit tissue-selective estrogenic activity, and this is also an area which is poorly
understood. Thus, the development of scientific-based risk assessment of dietary
endocrine disruptors will require a significant amount of new research.
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OESTROGENIC CHEMICALS IN COSMETICS AND
BREAST CANCER

P. Darbre. School of Biological Sciences, The University of Reading, Reading, United
Kingdom. Sponsor: M. Soni.
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SHOULD THE ENDOCRINE DISRUPTORS BE
TOLERATED IN FOODS/COSMETICS AND, IF SO, AT
WHAT LEVELS?

G. A. Burdock. Burdock Group, Washington, DC.
Estrogenic additives in foods and consumer products have been claimed to produce
adverse health effects. For example, some animal studies have indicated adverse reproductive effects from the commonly used preservatives the parabens. In the
uterotrophic assay, methyl- and butyl paraben administered orally to immature rats
were inactive, while subcutaneous administration of butyl paraben produced a
weak positive response. The ability of parabens to transactivate the estrogen receptor in vitro increases with alkyl group size; however, the possible estrogenic hazard
of parabens, on the basis of the available studies is equivocal, probably as the result
of differences in species, route and other parameters. Because of these variables, and
the fact that similar naturally-occurring substances in food have a similar effect, this
presentation will discuss whether the currently used methods (e.g. a margin of
safety approach) for human health risk assessment are sufficient to guarantee
human safety. Currently, the risk assessment of food or cosmetic additives is generally performed on individual substances. The cumulative effects of estrogenic substances in food or cosmetics is not known; nor is it known whether natural estrogenic substances in food produce adverse effects when consumed in concentrated or
purified form. As estrogenic substances in foods and cosmetics share a common
mechanism of action, an aggregate risk assessment for each chemical in the group
and a cumulative risk assessment is required.
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1,1-BIS(3’-INDOLYL)-1-(PSUBSTITUTEDPHENYL)METHANES ARE
PEROXISOME PROLIFERATOR-ACTIVATED RECEPTOR
γ AGONISTS BUT DECREASE HCT-116 COLON
CANCER CELL SURVIVAL THROUGH RECEPTORINDEPENDENT ACTIVATION OF EARLY GROWTH
RESPONSE-1 AND NAG-1
S. Chintharlapalli1, S. Papineni2, S. Baek3, S. Liu4 and S. Safe1, 2, 4. 1Department
of Biochemistry and Biophysics, Texas A&M University, College Station, TX,
2
Department of Veterinary Physiology and Pharmacology, Texas A&M University,
College Station, TX, 3Department of Pathobiology, University of Tennessee, Knoxville,
TN and 4Institute of Biosciences and Technology, Texas A&M University System,
Houston, TX.
1,1-Bis-(3’-indolyl)-1-(p-substitutedphenyl)methanes containing p-trifluoromethyl (DIM-C-pPhCF3), p-t-butyl (DIM-C-pPhtBu), and phenyl (DIM-CpPhC6H5) substituents decrease survival of HCT-116 colon cancer cells and activate peroxisome proliferator activated receptor γ (PPARγ) in this and other cancer
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cell lines. These PPARγ-active compounds had minimal effects on expression of cell
cycle proteins and did not induce caveolin-1 in HCT-116 cells. However, these
compounds induced NSAID-activated gene-1 (NAG-1) and apoptosis in HCT116 cells and, in time-course studies, the PPARγ agonists maximally induced early
growth response-1 (Egr-1) protein within 2 hr, whereas a longer time course was
observed for induction of NAG-1 protein. These data, coupled with deletion and
mutation analysis of both the Egr-1 and NAG-1 gene promoters, indicate that activation of NAG-1 by these compounds was dependent on prior induction of Egr-1,
and induction of these responses were PPARγ-independent. Results of kinase inhibitor studies also demonstrated that activation of Egr-1/NAG-1 by methylenesubstituted diindolylmethanes (C-DIMs) was phosphatidylinositol-3-kinase-dependent, and this represents a novel receptor-independent pathway for
C-DIM-induced growth inhibition and apoptosis in colon cancer cells.
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BINDING OF NO AND NITROSYLATION OF
CYTOCHROME C/CARDIOLIPIN COMPLEX INHIBITS
ITS PEROXIDASE ACTIVITY AND CARDIOLIPIN
OXIDATION

I. I. Vlasova1, V. A. Tyurin1, A. A. Kapralov1, I. V. Kurnikov1, A. N. Osipov1,
M. Potapovich1, D. Stoyanovski2 and V. E. Kagan1. 1Center for Free Radical &
Antioxidant Health, EOH, University of Pittsburgh, Pittsburgh, PA and 2Surgery,
University of Pittsburgh, Pittsburgh, PA.
The increased production of NO during early stages of apoptosis indicates its potential involvement in regulation of programmed cell death through yet to be identified mechanisms. Recently, an important role of catalytically competent peroxidase form of penta-coordinate cytochrome c (cyt c) in a complex with a
mitochondria-specific phosholipid, cardiolipin (CL), has been demonstrated during execution of apoptotic program. Because cyt c/CL complex acts as CL oxygenase and selectively oxidizes CL in apoptotic cells in a reaction dependent on the
generation of protein-derived (tyrosyl) radicals, we hypothesized that binding and
nitrosylation of cyt c regulates CL oxidation. Here we demonstrate by low-temperature EPR spectroscopy that CL facilitated interactions of ferro- and ferri-states of
cyt c with NO and NO-, respectively, to yield a mixture of penta- and hexa-coordinate nitrosylated cyt c. In the nitrosylated cyt c/CL complex, NO chemically reacted with H2O2-activated peroxidase intermediates resulting in their reduction. A
dose-dependent quenching of H2O2 induced protein-derived radicals by NOdonors was shown using direct EPR measurements as well as immuno-spin trapping with antibodies against protein DMPO-nitrone adducts. In the presence of
NO-donors, H2O2 induced oligomeric forms of cyt c positively stained for nitrotyrosines confirming the reactivity of NO towards tyrosyl radicals of cyt c.
Interaction of NO with cyt c/CL complex inhibited its peroxidase activity with
three different substrates: CL, etoposide, and 3,3’-diaminobenzidine. Given the
importance of CL oxidation in apoptosis, MS analysis was utilized to assess effects
of NO on oxidation of tetralinoleoyl-CL. NO effectively inhibited TLCL oxidation
catalyzed by the peroxidase activity of cyt c. Thus, NO can act as a regulator of peroxidase activity of cyt c/CL complexes. Supported by NIH HL070807,HL64145,
AI068021 and ES09648.
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INCREASED APOPTOSIS REGULATION WITH
POSTMITOTIC CELLULAR DIFFERENTIATION

M. Deshmukh. Cell and Developmental Biology, University of North Carolina,
Chapel Hill, NC. Sponsor: J. Kramarik.
Extensive apoptosis occurs during development and is seen in many pathological
situations including after exposure to toxins. Therefore, understanding how cells
undergo apoptosis has important therapeutic implications. The critical executors of
apoptosis in mammalian cells are the caspase proteases. Caspase activation is triggered when cytochrome c is released from the mitochondria during apoptosis.
Once in the cytosol, cytochrome c binds to Apaf-1 and procaspase-9 to form the
apoptosome complex, resulting in caspase-9 activation and rapid apoptosis.
We have examined the regulation of caspase activation in mammalian cells undergoing apoptosis. Our results show that whereas the mitochondrial release of cytochrome c alone is sufficient to trigger caspase activation and apoptosis in many
mitotic cells, postmitotic cells such as neurons and cardiomyocytes are remarkably
resistant to cytosolic cytochrome c. In these postmitotic cells, it is absolutely necessary to overcome the X-linked inhibitor of apoptosis protein’s (XIAP) block of caspases for cytochrome c to induce apoptosis.
We have examined how endogenous XIAP is able to effectively regulate apoptosis in
neurons and cardiomyocytes but not in many mitotic cells. Surprisingly, we found
no significant differences in the expression of XIAP in mitotic versus postmitotic
cells. Instead, neurons and cardiomyocytes had a marked reduction in Apaf-1.
Importantly, we show that this decrease in Apaf-1 function was directly linked to
the increased ability of endogenous XIAP to regulate apoptosis. Restoration of
Apaf-1 levels in neurons and cardiomyocytes overcame XIAP and permitted cytochrome c to induce apoptosis.
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These data show that XIAP function and Apaf-1 activity are coupled in cells and illustrate specifically how the apoptotic pathway acquires increased regulation with
postmitotic cellular differentiation. Arguably, a strict regulation of apoptosis is particularly beneficial to neurons and cardiomyocytes as these cells are postmitotic,
have limited regenerative potential, and last for the life of organisms.
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PARAQUAT INDUCES OXIDATIVE STRESS,NEURONAL
LOSS IN SN REGION AND PARKINSONISM IN RATS:
NEURO-PROTECTION AND AMELIORATION OF
SYMPTOMS BY WATER-SOLUBLE COQ10

S. Pandey1, M. Somayajulu1, J. Vergel de Dios1, 2, A. Matei2, V.
Parameswarann2, J. Cohen2, J. Sandhu3, H. Borowy-Borowski3 and M.
Sikorska3. 1Chemistry & Biochemistry, University of Windsor, Windsor, ON, Canada,
2
Psychology, University of Windsor, Windsor, ON, Canada and 3Institute for
Biological Sciences, National Research Council of Canada, Ottawa, ON, Canada.
Parkinson’s disease (PD) is a progressive neurological disorder caused by the loss of
dopaminergic neurons in the substantia nigra pars compacta and consequently
their projection to other brain areas. Only a small percentage of all PD cases are familiar resulting from genetic mutations, the vast majority are sporadic of unknown
etiology. It has been suggested that an exposure to environmental toxins that affect
mitochondria or produce oxidative stress is a significant factor in the sporadic PD.
Indeed, recent studies correlate an exposure to herbicide paraquat (PQT) with the
increased risk of PD. We have observed that PQT causes mitochondrial dysfunction and apoptosis in differentiated human neuroblastoma cells. Pre-treatment of
cells with a water-soluble formulation of CoQ10 (WS-CoQ10) protects them
against PQT toxicity. The present study was designed to investigate the effects of
PQT in vivo. We have successfully established a model of PD in Long Evans
hooded male rats by injecting them with PQT. The behavioural studies involving
cognition, balancing on rotating wheal, and motility measurement on spinning
wheal and biochemical assays including tyrosine hydroxylase immunostaining,
ROS generation and GSH measurement indicated that PQT caused oxidative
stress, loss of dopaminergic neurons and PD-like symptoms in the injected rats.
Significantly, neuroprotection and amelioration of these PD-like symptoms were
observed in rat fed with WS-CoQ10 formulation. We have also demonstrated that
WS-CoQ10 prevented mitochondrial dysfunction caused by PQT in the in vitro as
well as in vivo studies. Taken together we present a novel model of sporadic PD
caused by environmental toxin PQT and provide an encouraging possibility for the
inhibition of progressive neuronal loss by the unique formulation of WS-CoQ10.
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GLUTATHIONE RELEASE AND PHOSPHATIDYLSERINE
EXTERNALIZATION DURING APOPTOSIS ARE
DEPENDENT UPON FUNCTIONAL MULTIDRUG
RESISTANCE-ASSOCIATED PROTEINS, MRPS

R. Marchan, C. L. Hammond, S. M. Krance and N. Ballatori. Environmental
Medicine, University of Rochester School of Medicine & Dentistry, Rochester, NY.
Reduced glutathione (GSH) has several important roles in regulating normal cellular functions. Cells stimulated to undergo apoptosis release GSH into the extracellular space, but the precise mechanisms behind GSH export and its significance to
the apoptotic process are not understood. The present studies tested the hypothesis
that the MRPs mediate GSH release during both death receptor-mediated and
drug-induced apoptosis, and that this release is associated with the externalization
of phosphatidylserine (PS), a membrane transport event that is also observed in
cells undergoing apoptosis. Jurkat T lymphocytes treated with Fas antibody or staurosporine released GSH and externalized PS. Both of these responses were inhibited
by MK571, an inhibitor of organic anion transporters. Conversely, Raji cells did
not release GSH nor flip PS to the external leaflet when treated with Fas antibody
or staurosporine, although these cells did show features of apoptosis. Jurkat and
Raji cells expressed comparable mRNA levels for several of the MRPs known to
transport GSH, including MRP1, MRP2, MRP4 and MRP5, with MRP1 being
most abundant. Both cell lines also had comparable MRP1 protein levels. However,
whereas MRP1 was localized largely to the plasma membrane in Jurkat cells, Raji
cells had little MRP1 at the plasma membrane and most was localized intracellularly. This differential subcellular distribution of MRP1 was supported by MRP
transport activity data. Jurkat cells exported the MRP substrate calcein under normal conditions, and this release increased during apoptosis. In contrast, Raji cells
did not export calcein under basal or apoptotic conditions, indicating the absence
of functional MRPs at the plasma membrane. The present data suggest that MRP
transporters mediate both GSH release and PS externalization during apoptosis and
that these two events may be linked mechanistically. (Supported by NIH grants
ES06484, DK48823, ES01247 and ES07026)
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PERINATAL EXPOSURE TO ∆-9TETRAHYDROCANNABINOL (THC) INDUCES
APOPTOSIS IN THE FETAL THYMUS

C. A. Lombard, M. Nagarkatti and P. S. Nagarkatti. Pathology and Microbiology,
University of South Carolina, School of Medicine, Columbia, SC.
Marijuana, or Cannabis sativa, is one of the most widely used drugs of abuse worldwide. Previous studies from our laboratory have shown that THC, the major psychoactive component of marijuana, induces immunosuppression by triggering
apoptosis in the thymus and the spleen. However, very little is known about the effects of THC on the fetal immune system development and homeostasis. In this
study, we treated pregnant mice with THC on day 16 of gestation, which corresponded to the beginning of fetal T cell development, and found that the treatment
resulted in a dose- and time-dependent decrease in fetal thymic cellularity. This correlated with an increase in the level of apoptosis, as demonstrated by TUNEL staining and cleavage of caspase-3 and 7. In addition, we found that THC induced
apoptosis through both the cannabinoid receptor 1 (CB1) and cannabinoid receptor 2 (CB2), as its effects could be blocked by both CB1- and CB2-inhibitors in
vivo. Finally, we found that perinatal exposure to THC resulted in a transient decrease in the percentage of double-positive T cells found in the fetal thymus.
Together, these data suggest that perinatal exposure to THC can have a profound
effect on the development of T cells in the fetus leading to immunosuppression,
which bears tremendous implications for mothers abusing marijuana during pregnancy (Supported by NIH grants R01 ES009098, R01 DA016545, R01
HL058641, R01 AI058300 and R01 AI053703).
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NITROSATIVE STRESS INDUCES
PHOSPHATIDYLSERINE EXTERNALIZATION:
SIGNALING ROLE IN PHAGOCYTOSIS

Y. Y. Tyurina2, 1, A. Potapovich2, 1, V. A. Tyurin2, 1, P. Cai2, 1, N. V. Konduru2, 1,
H. Bayir3, 2, B. Fadeel6, D. Stoyanovsky4, A. A. Shvedova5 and V. E. Kagan2, 1.
1
Center for Free Radical & Antioxidant Health, University of Pittsburgh, Pittsburgh,
PA, 2EOH, University of Pittsburgh, Pittsburgh, PA, 3Crit. Care MED., University
of Pittsburgh, Pittsburgh, PA, 4Surgery, University of Pittsburgh, Pittsburgh, PA,
5
Health Effects LAB.. Division, NIOSH, Morgantown, WV and 6Division of Mol.
Toxicol., Karolinska Institutet of Env. MED.., Stockholm, Sweden.
Aminophospholipid translocase (APT) is responsible for asymmetric distribution of
phosphatidylserine (PS) across plasma membrane. The enzyme contains catalytically competent cysteines whose oxidation/alkylation results in loss of its activity.
Because protein S-nitrosylation can act as a regulatory redox-sensitive mechanism,
we hypothesized that nitrosative stress enhances PS externalization in cells by inhibiting APT activity. This pathway should be particularly important during inflammation whereby oxidative/nitrosative burst generated by macrophages may
cause direct nitrosylation or trans-nitrosylation of APT in target cells. To experimentally address this hypothesis we utilized HL-60 cells that express high activity
of APT. S-nitroso-L-cysteine-ethyl ester (SNCEE) and S-nitroso-glutathione
(GSNO) were used as prototypical cell-permeable and cell impermeable trans-nitrosylating reagents. HL-60 cells externalized PS in response to SNCEE or GSNO
treatment (50-100 µM, 0.5h at 37oC) as evidenced by annexin V binding assay
and fluorescence microscopy. No cytotoxic effects were induced by either of the
trans-nitrosating agents. RAW 264.7 macrophages elicited enhanced phagocytizing
activity towards “nitrosylated” HL-60 cells. We speculate that our proposed mechanism of macrophage induced nitrosative stress contributes to effective clearance of
apoptotic cells and regulates switching of acute inflammatory response to anti-inflammatory phase as has been observed in the lung and in the brain in in vivo experiments with inhalation of single-walled carbon nanotubes and cortical trauma,
respectively. Supported by NIH HL70755, NIOSH OH008282, ES09648,
AHA0535365N, Human Frontier Science Program.
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ACTIVATION OF INTRACELLULAR TRPV1 INDUCES
ER STRESS RESPONSE AND CELL DEATH

K. C. Thomas, M. E. Johansen, P. J. Moos, G. S. Yost and C. A. Reilly.
Pharmacology and Toxicology, University of Utah, Salt Lake City, UT.
The endoplasmic reticulum (ER) is the major site of protein folding in cells.
Depletion of ER calcium can cause unfolded or misfolded proteins to accumulate,
inducing ER stress, cell cycle arrest and possibly cell death. Activation of Eukaryotic
Translation Initiation Factor 2α Kinase 3 (EIF2AK3) during the unfolded protein
response, induces transcription of activating transcription factor 4 (ATF4), which
subsequently upregulates transcription of DNA damage-inducible transcript 3
(DDIT3). These events drastically alter transcription in the cell. Preliminary data
suggests that treatment of human lung bronchial epithelial (BEAS-2B) cells with
capsaicin induces ER stress through activation of the vanilloid receptor 1 (TRPV1)
which is present in the ER membranes of these cells. Altered transcription of several

ER stress markers was identified using one-way SAM analysis of cDNA microarrays
after treatment with capsaicin. Transcriptional modulation of DDIT3, DDIT1,
ATF3, Stanniocalcin 2 (STC2), Cyclin G2 and Cyclin D1 were assessed. DDIT3,
DDIT1, ATF3, Cyclin G2 and STC2 were significantly increased in cells treated
with capsaicin while Cyclin D1 was reduced. Selective knockdown of EIF2AK3 via
pretreatment with a gene-specific siRNA significantly attenuated these responses.
ER stress responses and cell death were inhibited by LJO-328, a cell permeable
TRPV1 antagonist, but not by two inhibitors of calcium flux originating from extracellular sources, EGTA and Ruthenium Red. These findings support our hypothesis that capsaicin is cytotoxic through the induction of ER stress via activation
of TRPV1 receptors present in the ER of these cells. This work was supported by
HL069813.
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GONIOTHALAMIN INDUCES APOPTOSIS IN
VASCULAR SMOOTH MUSCLE CELLS

S. H. Inayat-Hussain1, C. K. Meng1, N. F. Rajab1, K. Yusoff3, M. H. Ishak1, A.
M. Ali2 and L. B. Din1. 1Environmental Health Programme, Faculty of Allied Health
Sciences, Universiti Kebangsaan Malaysia, Kuala Lumpur, Malaysia, 2Faculty of
Science and Biotechnology, Universiti Putra Malaysia, Serdang, Malaysia and
3
Faculty of Medicine, Universiti Teknologi Mara, Shah Alam, Malaysia.
Restenosis represents a major impediment to the success of coronary angioplasty.
Abnormal proliferation of vascular smooth muscle cells (VSMCs) has been shown
to be an important process in the pathogenesis of restenosis. A number of agents,
particularly rapamycin and paclitaxel, have been shown to impact on this process.
This study was to determine the mechanism of cytotoxicity of goniothalamin (GN)
on VSMCs. Results from MTT cytotoxicity assay showed that the IC50 for GN
was 4.4µg/ml (22µM) which was lower compared to the clinically used rapamycin
(IC50 of 25µg/ml [27.346µM]). This was achieved primarily via apoptosis where
up to 25.83 ± 0.44% of apoptotic cells were detected after 72 hr treatment with
GN. In addition, GN demonstrated similar effects as rapamycin in inhibiting
VSMCs proliferation using BrdU cell proliferation assay after 72 hour treatment at
IC50 concentration (p>0.05). In order to understand the mechanisms of GN,
DNA damage detection using comet assay was determined at 2 hour post-treatment with GN. Our results showed that there was a concentration-dependent increase in DNA damage in VSMCs prior to cytotoxicity. Moreover, GN effects were
comparable to rapamycin. In conclusion, our data show that GN initially induces
DNA damage which subsequently leads to cytotoxicity primarily via apoptosis in
VSMCs. (Supported by IRPA Grant 06-02-04-0374-PR0014/06-05 &SAGA
Grant NN-001-2005)
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ALTERATION OF THE HYPOTHALAMIC-PITUITARY
GONADAL(HPG) AXIS IN WISTAR MALE RATS
FOLLOWING A PREPUBERTAL EXPOSURE TO THE
CHLOROTRIAZINE HERBICIDE SIMAZINE

T. E. Stoker, A. Buckalew, J. Ferrell, E. Kaydos and R. Cooper. EB, RTD,
NHEERL, ORD, USEPA, Research Triangle Park, NC.
Chlorotriazine herbicides, such as atrazine and simazine (SIM), are used extensively
in the U.S. each year and both parent compounds and metabolites are detected in
ground water in areas of major usage. We found previously that atrazine suppresses
serum luteinizing hormone and prolactin in the female rat by altering hypothalamic regulation. We have also demonstrated that puberty was delayed in the male
and female rat when exposed to atrazine during the juvenile period. In addition, the
chlorotriazine metabolites were equally potent in delaying puberty, which led to
concern about cumulative effects of the metabolites and other parent compounds
on pubertal development. For these reasons, we hypothesized that SIM, like
atrazine, would delay pubertal progression in the male rat. In two separate experiments, males were administered SIM (0, 3.13,6.25, 12.5, 25, 50, 75, 100, 150 and
300 mg/kg) by oral gavage from postnatal day (PND)23 to 53. Males were monitored for preputial separation (PPS) and necropsied on PND 53. In both experiments, puberty was significantly advanced at 25 mg/kg. Consistent with the lower
dose advancement of PPS, there was a non-monotonic dose response, with an elevation in LH, testosterone and androstenedione at the lower doses (6.25 to 75
mg/kg). There was a corresponding delay in PPS at 300 mg/kg and a decrease in
seminal vesicle and prostate weights at the highest doses (150 to 300 mg/kg), with
LH concentrations returning to normal. In conclusion, SIM appears to have a bimodal effect on puberty, with an increase in androgens and corresponding advancement in puberty at the lower doses and a delay in reproductive tract development in
the higher doses. The fact that the two lower doses of SIM increased serum androgens and LH on PND53 and advanced PPS in the developing male would indicate
that SIM activates the HPG axis. Further studies are planned to elucidate this activation and the specific mechanisms of these effects on male development. This abstract does not necessarily reflect EPA policy.
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METHOXYCHLOR DELAYS MALE RAT PUBERTAL
ONSET THROUGH ANTI-ADIPOGENESIS

X. Wang, J. Nicoll and L. You. Biology, CIIT Centers for Health Research, Research
Triangle Park, NC.
A frequent experimental outcome of exposure to endocrine-active compounds
(EACs) is a delay in male pubertal onset. Pubertal delay is often accompanied by a
reduction in overall body growth rate compared to unexposed animals. This linkage
between delay in sexual development and deficit in body growth prompted us to examine the role of energy metabolism in male sexual maturation. Specifically, we examined the role of leptin in male pubertal delay caused by exposure to the pesticide
methoxychlor (MXC) and phytoestrogen genistein (GE). Leptin, an adipocyte-produced hormone, transmits the signal of energy accumulation in the body to the reproductive neuroendocrine axis, serving a permissive role in pubertal onset. We
found that serum leptin level (SLL) in male Sprague-Dawley rats was significantly
reduced by dietary exposure to 800 ppm MXC, GE or MXC+GE from gestation
day (GD) 1 to postnatal day (PND) 90, or by gavage MXC (25 mg/kd/d) +GE
(100 mg/kg/day) after short-term exposure (PND23-42). Body weight reduction,
SLL, and delay in the age of preputial separation (PPS) were highly correlated with
the MXC-treated rats. However, loss of fat tissue weight is more sensitive than body
weight to MXC treatment; the average size of adipocytes and the amount of glucose
transporter 4 (Glut4, an adipose differentiation marker) were significantly reduced
in rats treated with MXC. In leptin supplement study, exogenous leptin (delivered
through osmotic pumps from PND 26-47) attenuated MXC-caused delay in pubertal onset. In vitro, differentiating preadipocyte 3T3-L1 cells were less able to accumulate lipids when treated with either GE or MXC. In these cells, expressions of
PPAR-γ, C/EBPα (both are transcriptional factors regulating adipocyte differentiation) and Glut-4 were significantly down-regulated by MXC, correlating strongly
with diminished leptin concentration in the media of MXC-treated cells. Taken together, our data showed that MXC-caused delay in male pubertal development is
partly attributable to its inhibitory action on adipogenesis and leptin production.
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ONTOGENY OF CHANGES IN FETAL TESTIS GENE
EXPRESSION INDUCED IN MALE OFFSPRING AFTER
MATERNAL TREATMENT WITH DEHP
(DIETHYLHEXYL PHTHALATE)

V. S. Wilson1, C. Lambright1, J. Furr1, K. Bobseine1, C. Wood1, K. L.
Howdeshell2 and L. E. Gray1. 1Reproductive Toxicology Division, USEPA, ORD,
NHEERL, Research Triangle Park, NC and 2EPA./NCSU Cooperative Training
Agreement, North Carolina State University, Raleigh, NC.
Phthalate esters are high production volume, ubiquitous environmental chemicals
some of which induce reproductive malformations in rats when administered during sexual differentiation. Recently we have shown that malformations in gubernacular ligament development induced by DEHP are associated with decreased
insl3 gene expression, a gene critical for proper gubernacular ligament formation.
DEHP (0, 100, 300, 600, or 900 mg/kg/day) administered orally to Sprague
Dawley dams on gestation days (GD) 8 through 18 produced dose-dependent decreases in testosterone production and in insl3 gene expression. To investigate the
ontogeny of gene changes associated with these effects, dams were dosed orally with
0 (vehicle only) or 750 mg/kg/day DEHP beginning on GD8. Testes RNA was prepared from 3 litters each of control and treated fetuses on GD 16.5, 17, and 18.
Microarray analysis was conducted on these samples using Affymetrix gene chips.
Preliminary results indicate significant (p< 0.05) changes in several genes associated
with Leydig cell steroidogenesis (such as CYP17, StAR) and peptide hormone production (insl3) beginning, in some cases, as early as GD 16.5. Significant changes
were also detected in androgen-dependent genes and genes involved in lipid and
cholesterol transport and signal transduction. A more thorough analysis and validation of gene chip results is underway and will be presented. These data on gene expression changes are consistent with the malformations previously observed in male
offspring after in utero exposure to similar doses of DEHP. Disclaimer: This is an
abstract of a proposed presentation and does not necessarily reflect EPA policy.
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EFFECTS OF BDE-47 ON NUCLEAR RECEPTOR
REGULATED GENES AND IMPLICATIONS FOR
THYROID HORMONE DISRUPTION

V. Richardson1, D. Staskal2, M. DeVito1 and L. Birnbaum1.
1
ORD/NHEERL/ETD/PKB, USEPA, Research Triangle Park, NC and 2Curriculum
in Toxicology, UNC at Chapel Hill, Chapel Hill, NC.
Previous studies have shown that exposure to polybrominated diphenyl ethers
(PBDEs) can decrease thyroid hormone levels via the induction of hepatic
uridinediphosphate-glucoronosyltransferases, (UGTs) which catalyze glucuronidation of T4 resulting in T4-glucuronide excretion. Based on their ability to catalyze
glucuronidation of hormones and xenobiotics, UGTs play a key role in hormone
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homeostasis and xenobiotic detoxification, but it is not certain if hepatic glucuronidation alone is responsible for the thyroid hormone level effects. This study
further examines the ability of BDE 47 to disrupt thyroid hormone levels and pairs
these effects with BDE 47-induced effects on genes which may be involved in thyroid hormone homeostasis using quantitative real-time PCR. 65-day old female
C57BL/6 mice were orally administered 3, 10, or 100 mg/kg/day of BDE-47 for 4
days. Animals were sacrificed 24 hours after the final dose (day 5) and liver, kidney
and, serum were collected for analysis. BDE-47 caused an 11% decrease at 3 and 10
mg/kg and a significant 43% decrease at 100 mg/kg in total T4 levels. BDE-47 had
no effect on liver and kidney UGT1A1, UGT1A6, and UGT2B5 mRNA levels.
Increases were seen in liver UGT1A7 mRNA levels at 10 and 100 mg/kg, but no
changes were seen in UGT1A7 mRNA levels in kidney. The data shows increases in
UGT1A7 mRNA levels with accompanying decreases in T4 levels at 10 and 100
mg/kg, but no increase in UGT1A7 correlating with the T4 decrease at 3 mg/kg.
This suggests that induction of UGTs could partly be responsible for decreased T4
levels, but other mechanisms must also be involved. (This is an abstract of a proposed presentation and does not necessarily reflect USEPA policy. This study was
partially funded by NHEERL DESE Cooperative Training Grant CT826513.)
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SENSITIVE AND COMPOUND-SPECIFIC BIOMARKERS
FOR DIETARY EXPOSURE TO ESTROGENIC
COMPOUNDS

M. Heneweer, J. H. Poortman, M. J. Groot and A. A. Peijnenburg. Toxicology
and Effectmonitoring, RIKILT - Institute of Food Safety, Wageningen, Netherlands.
Sponsor: M. VandenBerg.
Several in vitro and in vivo methods have been developed to screen compounds for
estrogenic properties. Recently microarray technology has been added to the test
battery allowing for simultaneous evaluation of changes in expression of thousands
of genes after low level exposure to estrogenic compounds. This study focused on
the possible differential estrogenic effects of dietary exposure to ethinyl estradiol
(EE2) and the mycotoxin zearalenone (ZEA). Furthermore, the aim was to identify
the dose level that results in changes in gene expression profiles in order to identify
sensitive and compound-specific biomarkers for exposure to EE2 and ZEA.
Therefore, we exposed immature female rats for 3 days to increasing doses of EE2
(0.03-100 µg/kg/day) and ZEA (0.03-100 mg/kg/day) and examined uterus weight
and several additional parameters, such as body and organ weight, histology and
gene expression profiles.
Exposure to 100 µg EE2/kg/day increased uterus, ovary and cervix weights 3.5-,
1.2-, and 1.5-fold, respectively. ZEA only increased uterus weight 2-fold at the
highest concentration. Both compounds dose-dependently induced basal cell proliferation in the cervix, more atretic follicles, central edema and fibrosis in the
ovaries and slight bile duct proliferation and hydropic degeneration in the liver. In
the uterus, both compounds increased necrosis, hyperplasia, metaplasia and papillary growth dose-dependently. Additionally, ZEA affected uterine glandular tissue
and caused nuclear changes, less maturated follicles and local fibrosis in cervix,
ovaries and liver, respectively. These phenomena were reflected in increased expression levels of genes, such as complement component 3, extracellular proteinase inhibitor and metalloproteinase 7.
We conclude that these studies may aid in the elucidation of compound-specific estrogenic effects. Current studies are aimed to evaluate whether gene expression profiles may increase the sensitivity of assays that screen for estrogenic effects.
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EFFECTS OF PHYTOESTROGENS ON CO-CULTURES
OF THE MCF7 MAMMARY TUMOR CELL LINE AND
PRIMARY HUMAN MAMMARY FIBROBLASTS

J. V. Meeuwen1, A. Piersma2 and M. VandenBerg1. 1Cellular & Molecular
Toxicology, IRAS, Utrecht, Netherlands and 2Laboratory for Toxicology, Pathology and
Genetics, RIVM, Bilthoven, Netherlands.
Breast cancer is the predominantly diagnosed type of tumor in postmenopausal
women. Approximately 60% of these tumors are estrogen responsive. Endogenous
and exogenous estrogens potentially could promote or inhibit tumor growth. Two
possible mechanisms of estrogenic modulation of tumor growth are direct interaction with the estrogen receptor (ER) or modulation of the activity of aromatase
(product of CYP19 gene at transcription or catalytic level and responsible for conversion of androgens to estrogens). It is generally believed that in vivo epithelial
(tumor) cells surrounded by connective tissue communicate via a feedback-loop
where fibroblasts (fibs) excrete estradiol (E2) (via aromatized testosterone), which
will promote estrogen dependent tumor cells, which in exchange start excreting factors (e.g. prostaglandin E2 (PGE2), interleukin-6 (IL-6), IL-6 soluble receptor (IL6sR)) stimulating CYP19 transcription in fibs. Co-cultures of fibs isolated from
healthy human mammary tissue and an estrogen responsive human cell line
(MCF7), resembling this in vivo situation, supported the existence of this positive
feedback-loop (M. Heneweer et al., TAP vol. 202, 2005, p50-58). In the public

opinion, phytoestrogens (PEs, present in a large variety in the human diet) are often
considered beneficial (e.g. for preventing breast cancer), while they have shown to
exert estrogenic as well as aromatase modulating characteristics. In view of actual
human exposure to xeno-estrogens, it is relevant to study their effects on these cellular interactions. In this study overall effects of certain PEs (biochanin A=bioA,
naringenin=nar and chrysin=chry) were investigated in co-cultures. Results indicate
a lack of effect on aromatase activity by low (bioA 1E-12 - 1E-8M, nar 1E-8M,
chry 1E-8 - 1E-4M) and estrogenic effects at high concentrations (bioA>1E-9M,
nar>1E-7M, chry>1E-5M). In conclusion, this co-culture study indicates no aromatase reducing activity, but predominantly estrogenic effects for the tested PEs.
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INTERACTIONS OF INSULIN-LIKE GROWTH FACTOR1 RECEPTOR AND AROMATASE ARE INVOLVED IN
GENISTEIN- AND METHOXYCHLOR INDUCED
EPITHELIAL HYPERPROLIFERATION IN RAT
MAMMARY GLAND
L. You and X. Wang. Biology, CIIT Centers for Health Research, Research Triangle
Park, NC.
The phytochemical genistein (GE) and pesticide methoxychlor (MXC) were shown
to promote epithelial proliferation in the mammary gland of experimental animals.
Combined treatment with both chemicals resulted in prominent proliferation and
differentiation of the mammary tissue that is unlikely due to an activity of the estrogenic action of the two compounds. As a follow-up on our previous studies, we
tested the hypothesis that hyperproliferative responses of mammary epithelium are
caused by enhanced IGF-1 signaling and local estrogen production. We found that
the synergistic effects of GE and MXC in promoting mammary epithelial proliferation were evident in both male and female rats after both long-term and shortterm exposure. Mammary epithelial proliferation or hyperplasia, characterized with
increased branch points and number of both lateral and terminal end buds, was
seen in both GE and MXC-treated rats. Western blot and immunohistochemical
analyses revealed that, in rats exposed to genistein, the mammary tissue contained a
high level of IGF-1R protein, mostly in ductal and alveolar epithelium. In MXCtreated rats, the fibroblastic stromal sheath surrounding the epithelial structures was
thickened; immunofluorescent staining revealed increased aromatase reactivity in
both mammary epithelial and stromal cells. β-catenin, a signaling molecule with a
critical role in mammary development and tumorigenesis, was also up-regulated in
the epithelium by both GE and MXC. To further support the effect of MXC on
aromatase, we assayed aromatase activity in differentiating 3T3-L1 preadipocytes,
by using the [1β-3H]-androstendione to 3H2O conversion assay. We found significantly higher aromatase activity in MXC-treated cells than in control. These data
support the hypothesis that the hyperproliferative IGF-1 pathoway is involved in
hyperproliferative responses of mammary epithelium to GE and MXC. It may be
related with up-regulated aromatase to increase local estrogen production.
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TRANSCRIPT PROFILING FOR STEROIDOGENIC
GENES IN THE H295R CELL LINE AND HUMAN
ADRENAL - DEVELOPMENT OF A SCREENING TOOL
FOR ADRENOTOXICANTS
A. Oskarsson1, 4, K. A. Plant2, E. Ulleras1, J. P. Hinson3 and P. S. Goldfarb2.
1
Department of Biomedical Sciences and Veterinary Public Health, Swedish University
of Agricultural Sciences, Uppsala, Sweden, 2School of Biomedical & Molecular
Sciences, University of Surrey, Guildford, United Kingdom, 3Department of
Endocrinology, St Bartolomews and The Royal London School of Medicine and
Dentistry, Queen Mary and Westfield College, London, United Kingdom and
4
Reproductive Toxicology & Distribution Imaging, Safety Assessment, Astra Zeneca
R&D, Sodertalje, Sweden.
Current testing of endocrine disrupting chemicals has largely ignored effects on the
adrenal gland. Since the adrenal is a vital organ, which is very sensitive to toxic effects, there is a demand for reliable methods to screen for adrenotoxicants. The
human H295R adrenocortical cell line is a useful model for studies on functions of
steroidogenesis and adrenal disruptors. In the present study, transcript profiles for
ten steroidogenic genes have been characterized by TaqMan based real-time RTPCR. The level of cortisol sectreted into the cell culture medium was measured
using a radioimmunoassay. Treatment with the cAMP-inducing agent forskolin, increased cortisol secretion and stimulated transcription 2- to 6-fold of all the
analysed genes except Sulfotransferase 2A1. Increased transcript level of the Steroid
acute regulatory protein gene, involved in the rate-limiting step in steroidogenesis,
was accompanied by an activation of its promoter, as indicted by transient transfection and reporter gene assay. To further assess the H295R cells as an in vitro tool,
the transcript profile of the corresponding genes in human adult adrenal was compared and shown to be similar. CYP11B1 was expressed to a much lower extent in
the H295R cells, however the transcript level was increased 6-fold by forskolin. In
contrast, higher gene expression in the H295R cells was revealed for CYP19A1,
which was further stimulated by forskolin treatment. These results indicate that the
H295R cell line is a valid in vitro tool for screening of adrenotoxicants, and useful
for further studies on the molecular mechanisms of toxic effects on the adrenal.
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IN VITRO STEROIDOGENIC METABOLISM CAN BE
INHIBITED BY PBDE DERIVATIVES (HYDROXY AND
METHOXYLATED BDES) IN HUMAN PLACENTAL
MICROSOMES
R. Fernandez Canton1, D. Scholten1, G. Marsh2, P. C. Jong3 and M. van den
Berg1. 1Cellular and Molecular Toxicology, IRAS, Utrecht, Netherlands, 2Department
of Environmental Chemistry, Stockholm University, Stockholm, Sweden and 3St.
Antonius Hospital, Nieuwegein, Utrecht, Netherlands.
Polybrominated diphenyl ethers (PBDEs) are widely used as additive flame retardants in many different polymers, resins and substrates. Due to the widespread production and use of PBDEs, their high binding affinity to particles, and their
lipophilic characteristics, several PBDE congeners bioaccumulate in the environment. In addition, PBDEs have been detected in various biotic samples such as
birds, seals, whales and human samples. Furthermore, concentrations of PBDEs
have been rapidly increasing during the last 10 years in human breast milk from
European and American women and a number of in vitro endocrine effects have
been reported (e.g. OH-PBDEs and brominated bisphenol A-analogs, are agonists
of both ER-α and ER-β receptors). During the last two years, we focused on environmentally relevant PBDEs including some of their metabolites and their possible
effects on steroidogenesis. In the present study, human placental microsomes have
been used to study the possible interaction of 24 hydroxy and methoxy BDE derivatives with aromatase (CYP19), which mediates the conversion of androgens into
estrogens, one of the key enzymes in the steroidogenesis pathway. Aromatase was
measured using the tritiated water-release assay. All hydroxy-BDE derivates showed
significant inhibition of placental aromatase in the concentration range 0.01 to 10
µM, while methoxy analogues did not have any effect on the enzyme activity. These
findings resemble previous studies in our laboratory in which it was found that
some OH-BDE (6-OH-BDE47 or 6-OH-BDE99) inhibited aromatase activity in
the H295R human adrenocortical carcinoma cell line. Our experiments with placental microsomes furthermore indicate that catalytic inhibition is the most likely
cause for the observed effects.

1175

CHARACTERIZING HUMAN SUSCEPTIBILITY TO
MERCURY-INDUCED IMMUNOTOXICITY
E. K. Silbergeld, R. M. Gardner and J. F. Nyland. Environmental Health Sciences,
Johns Hopkins University School of Public Health, Baltimore, MD.
Mercury (Hg) compounds have broad spectrum toxicity in human populations.
While current public health policies are based upon prevention of developmental
neurotoxicity, primarily associated with maternal ingestion of methylmercury
(MeHg) during pregnancy and lactation, the immunotoxic effects of Hg may also
constitute significant health risks over the life span. We have reported on alterations
in autoimmune biomarkers in populations exposed to inorganic Hg and MeHg,
and a recent study reported associations between Hg exposures and increased risks
of systemic lupus erythematosus. Because of the importance of genotype in Hg-induced immunotoxicity in rodents, and because of the overall influence of genotype
on immune function, we propose to investigate genetic determinants of human responsiveness to Hg-induced immunotoxicity. To accomplish this, we will establish
a test of the Hg immunotoxicity phenotype that can be applied in clinical and epidemiological studies. Human peripheral blood mononuclear cells (PBMCs) will be
isolated from donors, and Hg responsiveness determined by in vitro exposure of
PBMCs to Hg concentrations (1 nM to 100 µM) on cell differentiation, proliferation, and cytokine/chemokine production. Our preliminary studies in human
PBMCs demonstrate significant inhibition of LPS-stimulated production of interferon-γ and TNF-β at these subcytotoxic concentrations. Slopes will be calculated
as quantitative descriptors of individual response. The in vitro test must be stable
over time in order to denote inherent determinants of response as distinct from
changes reflecting events that may vary over time (such as diet). Some in vitro tests
have been developed for investigating differences in inherent susceptibility to immunotoxic metals, such as nickel and beryllium, but these are not useful for epidemiological research on candidate genes that may encode such susceptibility.
Research supported by Cure Autism Now Foundation
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THE MECHANISM OF INORGANIC MERCURY
DISRUPTION OF ERK IN T AND B LYMPHOCYTES
INVOLVES UPSTREAM ELEMENTS IN THE TCR AND
BCR SIGNAL TRANSDUCTION PATHWAYS
A. J. Rosenspire1, S. E. Ziemba1, S. Menard1, L. Li3, R. R. Mattingly2 and M. J.
McCabe4. 1Immunology and Microbiology, Wayne State University, Detroit, MI,
2
Pharmacology, Wayne State University, Detroit, MI, 3Medicine, Wayne State
University, Detroit, MI and 4Environmental Medicine, University of Rochester,
Rochester, NY.
In a broad sense, autoimmune diseases are believed to often involve the interaction
of environmental triggers upon susceptible genotypes. In this context one environmental contaminant that has received interest of late is mercury. Although little is
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known as to the molecular mechanisms involved with mercury intoxication at very
low levels, it is clear that mercury targets the immune system. It has been known for
some time that inorganic mercury (Hg+2)at non-toxic levels disrupts immune system homeostasis, in that genetically susceptible rodents develop idiosyncratic autoimmune disease. More recently it has been shown in several different model systems that mercury exposure of mice that are not susceptible to frank Hg+2-induced
autoimmune disease nevertheless leads to exacerbation of autoimmune disease.
Multiple studies have suggested that autoimmune disease can often be associated
with the inability of antigen receptors to properly trigger activation of the ERK signal transduction pathway in lymphocytes. We show that in the presence of nontoxic concentrations of Hg,+2 the T cell receptor (TCR) fails to properly activate the
ERK signal transduction pathway. Similarly, in B cells exposed to low concentrations of inorganic mercury, the B cell receptor (BCR) also fails to properly activate
ERK. In both instances it is unlikely that Hg+2 targets ERK directly, but rather that
it compromises the function of upstream signal transduction elements including
LAT, Syk, and Zap-70. We speculate that other environmental agents besides mercury may also have the ability to interfere with antigen receptor mediated signal
transduction in lymphoid cells, and so disrupt immune system homeostasis in a
similar manner. Supported by NIEHS grants RO1ES11000, RO1ES12403 and
P3ES01247.
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GENOTOXICITY OF SOLUBLE AND PARTICULATE
CADMIUM COMPOUNDS

T. Schwerdtle1, C. Thuy1, W. Bal2 and A. Hartwig1. 1Institute of Food Technology
and Food Chemistry, Technical University Berlin, Berlin, Germany and 2Institute of
Biochemistry and Biophysics, Polish Academy of Sciences, Warsaw, Poland. Sponsor:
M. Metzler.
The present study aims to compare direct and indirect genotoxicity of particulate
CdO and soluble CdCl2 in human lung cells as primary targets of metal induced
carcinogenicity. As a model for nucleotide excision repair (NER) the removal of
benzo[a]pyrene-induced DNA adducts was measured by a highly sensitive
HPLC/fluorescence assay. Both CdCl2 and CdO inhibited the repair of the induced adducts in a dose-dependent manner at non-cytotoxic, environmentally relevant concentrations up to about 40 and 60 %, respectively. This repair inhibition
started at 10 µM CdCl2 and 0.2 µg/cm2 CdO, concentrations, where both compounds showed no induction of oxidative DNA damage after 24 h incubation. As
potential molecular targets for the observed repair inhibition proteins with zinc
binding motifs like the NER zinc finger protein XPA and p53 have been identified.
Thus cadmium efficiently substituted zinc in the zinc finger domain of XPA, as
demonstrated by a 1000 fold higher binding constant, and subsequently deformed
the zinc finger structure. Furthermore in cultured human cells both CdCl2 (≥ 25
µM) and even more pronounced CdO (≥ 0.2 µg/cm2) converted the correctly
folded “wild type” p53 conformation into a so-called “mutant” form with an unfolded zinc binding domain. Further experiments demonstrated changes in p53
downstream events such as diminished transcription of p48 and XPC as well as altered cell cycle control in response to UVC irradiation and benzo[a]pyrene.
Taken together our results indicate a general NER inhibition by cadmium compounds, with XPA and p53 being potential molecular targets. Comparing soluble
and particulate cadmium compounds, in most test systems particulate CdO
showed stronger effects. As the general population is frequently co-exposed to particulate cadmium compounds and mutagens, this aspect may be significant with respect to cadmium-induced carcinogenicity.
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CHANGES IN GENE EXPRESSION ASSOCIATED WITH
EXPOSURE TO ENVIRONMENTAL TOXICANTS

J. H. Freedman1, M. Chen2, S. Coughlan2 and W. A. Boyd1. 11Laboratory of
Molecular Toxicology, ETP, DIR, NIEHS, Research Triangle Park, NC and 22Agilent
Technologies, Inc., Palo Alto, CA.
When organisms are exposed to toxicants, they defend themselves against intracellular damage by activating the transcription of genes that encode proteins that defend the host, repair the damage, or remove/metabolize the toxicant. Since many of
these “stress-response” proteins and the signal transduction cascades that regulate
the stress-response are evolutionarily conserved, we hypothesize that exposure to
environmental toxicants modulates the transcription of an evolutionarily conserved
set of genes from yeast to mammals. To investigate this hypothesis we are comparing the expression profiles from yeast and C. elegans that were exposed to archetypical toxicants. In the present study we examined the responses to the carcinogenic
transition metal cadmium and the DNA alkylating agent N-methyl-N’-nitro-nitrosoguanidine (MNNG). Toxicological studies for both cadmium and MNNG
were performed to identify equivelent exposure times and toxicant concentrations.
Transcriptomes for cadmium- and MNNG-exposed nematodes and yeast were obtained using Agilent oligonucleotide microarray analysis. Current analysis indicates
that > 100genes genes are differential expressed after cadmium exposure, (fold
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change≥2, p<0.01) and >400 genes were differentially expressed following MNNG
exposure. Subsequently the functions of these genes will be identified and compared to identify conserved and divergent Gene Ontology’s, pathways, and interactomes nodes among the gene whose levels of expression affected by cadmium and
MNNG. The result will help us to discover not only expression profiles associated
with specific toxicants, but also common “stress-response” genes regulated by different environmental toxicants. Moreover, this result will be incorporated into a
larger study to compare the expression profiles from four species (yeast, C. elegans,
zebrafish embryos and mice) exposed to different classes of toxicants in order to define evolutionarily conserved regulatory pathways that control the stress response.
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GENE EXPRESSION PROFILE IN HUMAN SKIN
FIBROBLASTS EXPOSED TO POTASSIUM
DICHROMATE

Q. He and P. Joseph. Health Effects Laboratory Division, NIOSH, Morgantown, WV.
Chromium containing compounds are extensively used in various applications resulting in significant human exposure. Several adverse health effects, including irritant and allergic contact dermatitis, have been reported among workers following
occupational exposure to chromium containing compounds. In order to better understand the molecular mechanisms responsible for the dermal toxicity of
chromium, differential gene expression profiles of human skin fibroblasts exposed
to a cytotoxic concentration of hexavalent potassium dichromate [Cr(VI)] were
studied. Skin fibroblasts were exposed to 5 µM Cr(VI) for time intervals up to 24hr and their differential gene expression profile was studied using the Toxicology
and Drug Resistance Microarray (Super Array Inc.). Of the 280 genes represented
on the array, the expression levels of 32 genes were found to be differentially affected in the fibroblasts exposed to Cr(VI). In general, genes involved in stress response, cell cycle control, drug metabolism, apoptosis and growth were differentially expressed in response to Cr(VI) exposure. The role of intracellular glutathione
on the Cr(VI)-induced alterations in the expression of genes was further investigated using heme oxygenase 1 (HO-1) as the model gene. Modulating the intracellular glutathione level by pre-treating the cells with either BSO (buthionineSulfoximine) or glutathione significantly influenced the potential of Cr(VI) to
induce expression of the HO-1 gene. Pre-treating the cells with BSO resulted in a
significant reduction in glutathione levels. The Cr-induced overexpression of the
HO-1 gene in the BSO-treated cells was significantly higher than in those cells
without BSO treatment. On the other hand, pre-treating the cells with glutathione
partially blocked the Cr(VI)-induced overexpression of the HO-1 gene. In conclusion, our results demonstrate that Cr(VI) exerts its toxic effects in human skin fibroblasts by multiple mechanisms involved in various cellular functions; and the
cellular glutathione level appears to be an important factor influencing Cr(VI)’s effects on the expression of genes.
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DIVALENT METAL TRANSPORTER-1 REGULATION BY
IRON AND VANADIUM MODULATES HYDROGEN
PEROXIDE-INDUCED DNA DAMAGE IN LUNG CELLS

A. R. Molinelli1, A. J. Ghio2 and M. C. Madden2, 1. 1Curriculum in Toxicology,
University of North Carolina, Chapel Hill, NC and 2NHEERL/HSD, USEPA,
Chapel Hill, NC.
The divalent metal transporter-1 (DMT1) participates in the detoxification of metals that can damage lung epithelium. Elevated extracellular iron levels in vitro increase the expression of DMT1 in bronchial epithelial cells stimulating iron uptake
and storage in ferritin, which may make iron unavailable to participate in the generation of extracellular reactive oxygen species (ROS). To further test whether increased DMT1 expression is protective against ROS formation and subsequent cellular damage, we exposed human bronchial epithelial cells (BEAS-2B) to 100 µM
ferric ammonium citrate (FAC) or 50 µM vanadium sulfate (which downregulates
DMT1 expression) for 4 h. Cells were then washed and incubated for 20 h in
media. The cells were then washed and exposed to 100 µM FAC with or without
20 µM H2O2 (an endogenously produced oxidant) for 30 min. After the exposure
the comet assay was used to assess cell DNA single strand breaks (SSBs). Cells pretreated with VOSO4 and subsequently exposed to FAC + H2O2 had a statistically
significant (p < 0.05) increase in DNA SSBs (i.e., comet area > 1250 µm2) when
compared to control cells pre-treated with cell media alone (~546 µm2). Cells that
were pre-treated with FAC had a non-significant decrease in DNA SSBs (~419
µm2) compared to the control cells. Among cell groups that were incubated with
FAC without H2O2, there were no increased SSBs (i.e., comet areas of 350 – 440
µm2). These results provide further evidence that increased DMT1 expression
serves as a protective mechanism in the lungs by stimulating cells to intracellularly
transport and bind iron, thus making it unavailable to participate in ROS generation and increased DNA SSBs. [This abstract may not reflect official EPA policy.
AM supported by EPA/UNC T829472].
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TRANSCRIPTOME CHANGES IN HEPG2 CELLS
EXPOSED TO COPPER: PATHWAY MAPPING AND
INTERACTOME IDENTIFICATION

M. Song1 and J. H. Freedman1, 2. 1Duke University, Durham, NC and 2NIEHS,
Research Triangle Park, NC.
Copper is an essential trace element that serves as an important catalytic cofactor
for cuproenzymes. It has been shown that copper has the potential to generate free
radicals and oxidize cellular components through its redox activity. We have previously shown that copper activates transcription through both metal- and oxidative
stress-responsive signal transduction pathways. Our hypothesis is that copper modulates the activity of multiple intracellular signal transduction pathways to affect
transcription, which ultimately disrupt normal development. Transcriptomes were
generated using Agilent human microarrays, and differentially expressed genes
identified for HepG2 cells exposed to copper for 4, 8, 12 and 24-h. Differentially
expressed genes were grouped into Gene Ontology categories by using the Gene
Ontology Tree Machine. Significantly enriched GO categories (p < 0.01) in biological process were: response to metal ion, copper ion homeostasis, asparagine biosynthesis and heme oxidation, and those in molecular function were cadmium binding, copper ion binding, transforming growth factor beta receptor binding,
asparagine synthase activity and heme oxygenase activity. We also perform pathway
mapping of the differentially expressed genes using GenMAPP, PharmGKB,
KEGG and BioCarta using ArrayXPath. Pathways identified included TGF beta
signaling, apoptosis, MAPK cascade, glutathione metabolism, p53 signaling, Ras
signaling and oxidative stress induced gene expression via nrf2. These results
strongly support our hypothesis. We also identified interactomes using Cytoscape.
Interactomes with high module scores contain genes including HNF4-alpha, SP1,
BRCA1 and HNF1-alpha as cores. We are investigating the role of novel signal
transduction pathways in regulating copper responsive gene expression, based on
the identified interactomes.
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SOLUBLE MANGANESE ALTERS PULMONARY GENE
EXPRESSION IN VIVO

S. Bredow, J. Aden, V. E. Walker and K. Divine. Lovelace Respiratory Research
Institute, Albuquerque, NM, NM.
The lung constitutes the major route of exposure for airborne Manganese (Mn), yet
little is known about Mn-induced pulmonary toxicity and the underlying cellular
mechanisms. We have recently shown that subchronic nose-only inhalation of female mice to an environmentally relevant concentration of soluble MnCl2-particles
(2 ± 0.36 mg/m3 below the OSHA TLV of 5 mg/m3; size: 1.98 ± 0.12µm) for
6h/day and up to 10 days significantly changed the expression of angiogenic growth
factors in the lung without producing major pulmonary inflammation. Using the
Affymetrix Mouse Genome 430A 2.0 array, which represents approximately 14,000
well-characterized mouse genes, we now demonstrate that inhaled Mn globally alters the expression of approximately 2200 genes. Pulmonary total RNA (3 animals/group; 1 control- and 3 exposure-groups: 1-day, 5-day, and 10-day exposure
followed by a 7 day-hold prior to sacrifice) was treated and analyzed as described in
the Affymetrix GeneChip Expression Analysis Technical Manual. The output files
were averaged with Affymetrix Microarray Suite 5.0 software, and further data
analysis was conducted using GeneSpring 7.2 software. The analysis was restricted
to gene values listed as present or marginal (Affymetrix flags) in 2 of the 12 samples.
One-way analyses of variance (ANOVA: parametric, assuming equal variance;
Benjamini and Hochberg multiple testing correction at a False Discovery rate <
0.05 ) were conducted on the log values of the 4 exposure groups, and changes in
gene expression were deemed significant with a p-value  0.05. The obtained list
includes gene candidates that are involved in biological processes such as cell cycle
and growth, proliferation/apoptosis, transcriptional regulation, cell adhesion, signaling pathways, and signal transduction. The data suggest that even brief exposures to Mn could affect pulmonary function through changes in gene expression,
which over time enhance the lung’s long-term susceptibility to environmentally relevant chronic airway inflammatory diseases.
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SIGNIFICANCE OF INTERACTIONS BETWEEN
ESSENTIAL AND TOXIC METAL IONS IN THE
CELLULAR RESPONSE TO DNA DAMAGE

A. Hartwig1, W. Bal2, H. Blessing1, T. Schwerdtle1, C. Thuy1 and I. Walter1.
1
Institute of Food Technology and Food Chemistry, Technical University Berlin, Berlin,
Germany and 2Institute of Biochemistry and Biophysics, Polish Academy of Sciences,
Warsaw, Poland. Sponsor: M. Metzler.
Nickel, cadmium, cobalt and arsenic compounds are well known carcinogens to
humans and experimental animals. In addition to the induction of mainly oxidative
DNA damage, they interfere with nucleotide and base excision repair at low, noncytotoxic concentrations. As potential molecular targets, interactions with so-called

zinc finger proteins involved in DNA repair and/or DNA damage signaling such as
XPA and PARP have been identified. Thus, trivalent inorganic and biomethylated
arsenicals have been shown to release zinc from the zinc finger domain of the
human repair protein XPA (XPAzf ). Furthermore, NiCl2 and CdCl2 deform the
zinc finger structure of XPA: XPAzf exerts a 1000-fold higher binding constant for
cadmium than for zinc and NiCl2 increases XPAzf sensitivity towards oxidation. At
the cellular level, arsenite and its trivalent methylated metabolites suppress
poly(ADP-ribosyl)ation at very low, nanomolar concentrations. In support of this
observation, the same trivalent compounds inhibited isolated PARP-1, while no effect on PARP-1 gene expression was detected. A zinc binding motif is also present
in p53, and different Cd compounds convert the correctly folded “wild type” conformation almost completely into a so-called “mutant” form with an unfolded zinc
binding domain. This is accompanied by alterations in p53-dependent gene expression and cell cycle control. Remarkably, an interaction with zinc finger structures
may also occur by essential trace elements: Reducible selenium compounds deliberate zinc from XPA and provoke p53 conformational changes, presumably by oxidation of cysteines in zinc binding motifs. Thus, certain selenium compounds may
exert anticarcinogenic effects at low levels but may compromise genetic stability at
higher concentrations which could be reached by dietary supplements.
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ALTERATION OF HEME-OXYGENASE EXPRESSION IN
A549 CELLS BY URBAN DUST PARTICULATE
MIXTURE 1649A
A. De Vizcaya-Ruiz, M. Uribe-Ramirez and M. E. Cebrián. Toxicology Section,
CINVESTAV-Zacatenco, Mexico D.F., Mexico.
Human populations are persistently exposed to particulate air pollution, a complex
mixture of organic and inorganic compounds that participate on oxidative stress aggression in cells. Heme-oxygenase (OH-1), a ubiquitous enzyme involved in the catabolism of heme to generate bilirubin, carbon monoxide and free iron, has been
established as a key factor in cell protection against oxidative stress. The Urban Air
Particulate (UAP) SRM-1649 was used as a surrogate of airborne particulate and
was tested for its redox activity, heme-oxygenase alteration and apoptosis induction.
The redox activity of UAP was assessed by its ability to catalyze the reduction of
oxygen by dithiothreitol (DTT assay), an indicator of cellular oxidative stress potential. UAP showed a redox activity similar to that observed in coarse PM collected
in Mexico City, indicating an oxidative potential. Also A549 lung epithelial cells
were exposed to non-cytotoxic concentrations of UAP (50 and 100 µg/cm2) for 17
h to assess the expression by immunodetection of the antioxidant HO-1 and apoptosis induction by AnnexinV-FITC after 24 h. Apoptotic cell death was observed
following the exposure to 50 µg/cm2 of UAP although there were no changes in
HO-1 expression compared to control. However when exposed to 100 µg/cm2 a
clear down-regulation of HO-1 (2.5-fold) can be appreciated. This same effect was
observed when A549 cells were exposed to 20 µM/ml of 9,10-phenanthraquinone
(PQ), a major quinone contained in diesel exhaust and airborne particulate. These
findings suggest that the redox activity of UAP and PQ could potentially contribute to oxidative stress when in contact with cellular systems. Additionally, the
down-regulation of HO-1 in A549 lung epithelial cells shows impairment in an important defense element against oxidative damage, favoring the increase in apoptotic cell death. Our results support that the alteration (repression or induction) of
HO-1 is dependent on the oxidative insult and the cell type. Oxidative cellular
damage induced by UAP chemical components remains to be investigated.
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THIOREDOXIN-MEDIATED AIRWAY EPITHELIAL CELL
PROTECTION FROM SMOKE THROUGH THE
SUPPRESSION OF JNK PATHWAY
Y. Lee, C. Chuang, P. Lee, J. Lee, R. Harper and R. Wu. Center for Comparative
Respiratory Biology and Medicine, University of California at Davis, Davis, CA.
Sponsor: J. Last.
Cigarette smoke is one of major environmental air pollutants that cause various
airway injuries and diseases. The nature of the injury is still incompletely understood. We have previously demonstrated that the toxicity of cigarette smoke extract
(CSE) on human bronchial epithelial cell line, HBE1, was cell density dependent
and this differential effect was related to JNK activation. At a sub-confluent level,
epithelial cells were more sensitive to smoke and exhibited JNK activation after
CSE treatment, while no cell injury and JNK activation were seen in confluent cultures exposed to a similar level of CSE. This phenomenon is now extended to primary airway epithelial cells derived from monkey and human tissues. Using a teton inducible approach, we observed that thioredoxin (Trx) overexpression
protected cell injury from CSE and this protection was not seen when dominant
negative Trx (-ser32-gly-pro-ser35-) was overexpressed. Further study showed that
this protection was related to the suppression of CSE-induced JNK activation by
Trx. A similar protective effect was seen when the JNK inhibitor II (SP600125)
was used. These results suggest that JNK activation is involved in smoke-induced
cell injury and thioredoxin-mediated cell protection is through the suppression of
JNK activation.
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ANTIOXIDANTS RESCUE HYPEROXIA-INDUCED
SUPPRESSION OF MACROPHAGE PHAGOCYTOSIS OF
PSEUDOMONAS AERUGINOSA

L. Mantell1, 2, D. M. Morrow2, 1 and T. Entezari Zaher1, 2. 1Pharmaceutical
Sciences, St Johns University College of Pharmacy, Queens, NY and 2Cardiopulmonary
Research, Institute for Medical Research at North Shore-LIJ Health System,
Manhasset, NY.
Pseudomonas aeruginosa is one of the leading pathogens of nosocomial pneumonia
in patients receiving mechanical ventilation with hyperoxia. High levels of reactive
oxygen species generated during exposure to hyperoxia may compromise bacterial
clearance through impairment of P. aeruginosa phagocytosis by alveolar
macrophages. This hypothesis was tested in both RAW 264.7 macrophages exposed
to 95% O2 and alveolar macrophages from mice exposed to >99% O2. Exposure to
≥95% O2 significantly diminished phagocytosis of both mucoid and non-mucoid
P. aeruginosa. To test the effects of moderate hyperoxia on phagocytosis of P. aeruginosa, both RAW cells and mice were exposed to 65% O2, which did not lead to
significant lung injury or marked inhibition of cell growth in cultured
macrophages. Intriguingly, however, exposure either RAW cells or mice to 65% O2,
resulted in a drastic reduction in phagocytosis of P. aeruginosa to a similar extent as
that observed at ≥95% O2. Hyperoxia-compromised phagocytosis of P. aeruginosa
was associated with disorganization of actin cytoskeleton, and could be rescued by
antioxidants, superoxide dismutase and procysteine. Importantly, this normalization of the actin cytoskeleton was accompanied by the restoration of bacterial
phagocytosis. These data suggest that antioxidants may effectively reduce the occurrence of P. aeruginosa infection in ventilated patients.

1187

PRO-OXIDANT IMPACT OF DIESEL ENGINE
EMISSIONS ACCORDING TO FUEL AND AFTERTREATMENT STRATEGIES : IN VITRO AND IN VIVO
BIOLOGICAL EVIDENCES FOR NEW POTENTIAL
HEALTH CONCERNS

J. Morin1, D. Preterre1, M. Isabelle1, A. Bion1, 2, M. Fall1 and F. Dionnet2.
1
U644, Inserm, Rouen, France and 2Certam, Saint Etienne du Rouvray, France.
Sponsor: R. Forster.
Strategies for the reduction of Diesel engine emissions rely on oxidation catalysis,
PM filtration and fuel sulphur content reduction. To evaluate the potential health
benefit of these strategies, we evaluated lung and systemic antioxidant profiles
through the measurement of Catalase, Gluthathione peroxidase, Superoxide dismutase and Glutathione in lung, liver, kidneys of rats exposed by inhalation or in
organotypic cultures of rat lung slices exposed to the same diluted emissions. In
vivo, oxidant stress has been evidenced in lung, liver and kidney tissues, Increased
serum TNFa suggested occurence of systemic inflammation. In vivo and in vitro
data were in full agreement. Oxidative damage was increased when reducing sulphur content in the fuel in a dose related way. Oxidative damage was more marked
for engine medium rpm and medium load than for medium rpm high load. The
use of oxidation catalyst proved to induce the highest oxidative damage on both in
vitro and in vivo systems. The extent of biological oxidative damage was closely correlated to the NO2/NOx ratio in emitted aerosols. We use CPH as a spin probe to
interact with potential ROS present in combustion emitted aerosols. CP* was then
assayed by electron spin resonance ESR. We demonstrate a very good correlation
between the NO2/NOx ratio elevation and the increased occurrence of ROS emitted from Diesel engines. We suggest that these emitted ROS present in the combustion aerosol are major candidates being responsible for the observed tissular and
systemic oxidative stresses when reducing fuel sulphur and using oxidation catalysis. Forecasted regulation which promote sulphur reduction, oxidation catalysis
and/or CRT systems for Diesel engines may yield new health concerns related to
oxidant stress. Supports from EC QLK4-CT62002-02357 MAAPHRI program,
ADEME, Direction Generale de la Sante and Région Haute Normandie are greatly
acknowledged

1188

PARAQUAT STIMULATES CYANIDE-INSENSITIVE
RESPIRATION AND NADPH OXIDASE ACTIVITY IN
MURINE LUNG EPITHELIAL CELLS

J. P. Gray1, V. M. Mishin1, P. J. Smith2, M. Thiruchelvam3, D. A. CorySlechta3, D. E. Heck1 and J. D. Laskin3. 1Pharmacology and Toxicology, Rutgers
University, Piscataway, NJ, 2Biocurrents Research Center, Marine Biological
Laboratory, Woods Hole, MA and 3Environmental & Occupational Medicine,
UMDNJ-RWJMS, Piscataway, NJ.
Pulmonary fibrosis is one of the most severe consequences resulting from exposure
to paraquat, an herbicide that causes rapid alveolar epithelial damage and inflammation. It is generally thought that paraquat induces toxicity via redox cycling.
However, the enzymatic systems that participate in these reactions in lung cells have
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not been completely characterized. Paraquat-induced redox cycling is known to
generate reactive oxygen intermediates (ROI). We hypothesized that paraquat-mediated production of ROI results in increased cellular respiration in target tissues.
To test this, self-referencing oxygen microsensors were used to measure oxygen flux
from monolayers of MLE-15 murine lung epithelial cells in culture treated with
paraquat. We found that the herbicide (10-100 µM) caused a 2-4 fold increase in
cellular oxygen flux. The mitochondrial poisons cyanide, rotenone, or antimycin A
blocked mitochondrial-driven oxygen flux while having no effect on paraquat-induced oxygen utilization. However, treatment of MLE-15 cells with
diphenyleneiodonium chloride (DPI) (10 µM), a NADPH oxidase inhibitor,
blocked the effects of paraquat without altering mitochondrial respiration.
NADPH oxidase, an enzyme highly expressed in lung epithelial cells, generates superoxide directly from molecular oxygen. We found paraquat caused a dose-dependent activation of NADPH oxidase in MLE-15 cells; this effect was NADPHdependent, inhibited by DPI, and not altered by mitochondrial inhibitors. Taken
together, our data demonstrate that paraquat increases oxygen utilization by lung
epithelial cells. This appears to occur via activation of NADPH oxidase. Resulting
production of ROI is likely to contribute to paraquat-induced lung toxicity.
Supported by NIH grants ES05022, ES007148, ES10791, CA093798 and
CA100994.
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OXIDATION OF NAD(P)H BY HYPOCHLOROUS ACID
AND PEROXYNITRITE (± CO2): A COMPARATIVE
STUDY

R. M. Uppu, V. Rangan, C. R. Sparrow and T. E. Perumal. Environmental
Toxicology and Health Research Center, Southern University and A&M College,
Baton Rouge, LA.
Peroxynitrite (PN) and hypochlorous (HOCl) acid are two potent oxidants produced by activated neutrophils. These oxidants, apart from being microbicidal,
cause tissue injury in a variety of pathological conditions such as chronic inflammation and acute respiratory distress syndrome. In this study, we have examined the
reactions of PN and HOCl with nicotinamide coenzymes, NADH and NADPH.
The reason for studying NAD(P)H is that they serve as crucial targets for oxidation
in a cell and about 370 biochemical reactions, involving nearly 17% of all classified
enzymes, depend on NAD(P)H. We find that PN (± CO2) cause oxidation of
NADH. The yields of oxidation at pH 7.2 were 17 and 20 mol% for reactions performed in the presence and absence of 20 mM added bicarbonate, respectively. The
reaction under aerobic but not anaerobic conditions was accompanied by the formation of H2O2 (0.25 mol/mol of NADH oxidized). The product in these reactions, which co-elutes with NAD+ (reversed phase HPLC), was found to be 100%
active in a catalytic recycling assay that employed yeast alcohol dehydrogenase
(ADH). The reaction of HOCl, on the other hand, gave a much higher yield of oxidation of NADH (65 mol%). The oxidation product(s) of NADH was however
without any activity when tested in the enzymatic recycling assay. The major product in this reaction, presumably 5-chloro-NADH, had a different elution pattern
than one formed in the NADH-PN reaction. A free radical mechanism involving a
H-atom transfer from C4 position of the dihydropyridine nucleus of NADH, followed by the reaction of O2 (aerobic) or °NO2 (anaerobic; this reaction forms a
metastable 4-nitro-NADH) has been suggested for the formation of NAD+ in the
NADH-PN (± CO2) system. The oxidation of NADH by HOCl is suggested to involve a molecule-assisted homolysis of HOCl followed by chlorination at C5 position of NADH+° forming a stable 5-chloro-NADH. (Funding from NIEHS ES
10018 and NIH BRIN program of NCRR [P20 RR16456] is acknowledged.
*Corresponding author; e-mail: rao_uppu@subr.edu.)
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OXIDATION OF INDIGO CARMINE BY
PEROXYNITRITE (± CO2): IMPLICATIONS FOR THE
HYPOTHESIS ON OZONE PRODUCTION BY
NEUTROPHILS

V. Rangan, T. E. Perumal, K. Sathishkumar and R. M. Uppu. Environmental
Toxicology and Health Research Center, Southern University and A&M College,
Baton Rouge, LA.
Recently, it has been hypothesized that neutrophils produce ozone (O3) as part of
their arnamentarium against the invading microorganisms.1,2 The concept of O3
formation in vivo is thought to be significant given the current interest in ‘O3-specific’ cholesterol and phospholipid oxidation products in the pathogenesis of
Alzheimer’s disease3 and atherosclerotic plaque formation.4 The hypothesis on
ozone formation is however based largely on the chemistry of O3 reaction with indigo carmine (IC; a chemical probe), forming isatin-5-sulfonic acid (ISA). The authenticity of this reaction has been questioned by Winterbourne and her colleagues5 who showed that superoxide anion radical (O2°—) can convert IC to ISA.
Invoking a role for O2°— as an oxidizing agent in this system seemed to be at odds
with its much known reduction chemistry in biological systems. We here report

that peroxynitrite (PN) and its secondary reaction products with CO2 afford oxidation of IC and indigo. The yields of oxidation of IC typically are 0.19 (± 0.01) and
0.17 (± 0.01) mol/mol of PN for reactions carried out at pH 7.2 in the presence
and absence of 20 mM added bicarbonate, respectively. The major product in these
oxidations was either ISA or isatin depending on whether IC or indigo was used. A
free radical mechanism of oxidation is suggested for the formation of stable as well
as metastable nitro products of IC. The loss of nitro group followed by hydrolysis of
the dehydro IC explains the formation of ISA in the PN/CO2 system. (Funding
from NIEHS ES10018 and NIH BRIN program of NCRR (grant number P20
RR16456) is acknowledged; Corresponding author Rao Uppu; References:1P.J.
Wentworth, et al., Science 298, 2195, 2002., 2B.M. Babior, et al., Proc. Natl. Acad.
Sci. USA 100, 3031, 2003., 3Q. Zhang, et al., Proc. Natl. Acad. Sci. USA 101, 475,
2004., 4P.J. Wentworth, et al., Science 302, 1053, 2003., 5A.J. Kettle, et al., J. Biol.
chem. 279, 18521, 2004.)
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COMBINATIVE TOXICITY OF SODIUM PERCHLORATE
AND SODIUM ARSENATE IN ZEBRAFISH (I)DANIO
RERIO(I/): OXIDATIVE STRESS AND GENOTOXICITY
PERSPECTIVE

F. Liu1, J. Wang1, M. Hooper1 and C. Theodorakis2. 1Department of
Environmental Toxicology, The Institute of Environmental and Human Health, Texas
Tech Universiyt, Lubbock, TX and 2Department of Biology, Southern Illinois
University at Edwardsville, Edwardsville, IL.
Both perchlorate and arsenic are environmental contaminants and co-occur in contaminated water. Arsenate causes genotoxicity via replacing phosphate in the DNA
backbone and producing reactive oxygen species (ROS). Thyroid hormones regulate antioxidant levels. Thus, exposure to perchlorate impairs TH synthesis that may
play a role in ROS-induced genotoxicity. In order to evaluate the potential genotoxicity and oxidative stress of perchlorate and arsenate and their interactions, zebrafish
Danio rerio were exposed to sodium arsenate (1 and 10ppm), sodium perchlorate
(10 and 100ppm), and mixture-sodium perchlorate + sodium arsenate (10+1 and
100 +10ppm) plus a control group for 90 days. At day 10, 30, 60, and 90, zebrafish
were sacrificed for genotoxicity (strand breaks, oxidative DNA damage, and apoptosis) and oxidative stress assay (reduced and oxidized glutathione (GSH), and lipid
peroxidation). The total GSH in control group was 100.5±7.1µg/g wet weight at
day 10 and not significantly altered in all treatment groups. In contrast, the reduced
GSH, with a level of 54.4±6.7µg/g wet weight in the control at day 10, was significantly induced in all treatment groups at day 10 (p=0.0041) and 30 (p=0.0059)
with concentration-dependent pattern. Exposure to perchlorate and arsenate when
applied alone or in mixture enhanced the ratio of reduced to oxidized GSH, indicating that these two chemicals induced oxidative stress. The constitutive level of
whole body lipid peroxidation (TBARS) was 407.2±30.8nmol/g wet weight in controls at day 10 and was not significantly altered with overtime exposure. Among the
genotoxicity endpoints, base oxidative damage was found to be prominent an indicator for exposure to mixtures. The present study indicated that both perchlorate
and arsenate execute toxicity mainly through oxidative stress that further target
DNA bases to produce oxidative DNA damage

1192

CROSS-LINK BLOCKING AND THE MECHANISM OF
ACTION OF HYDRAZINO DRUGS AGAINST ACROLEIN
TOXICITY

P. C. Burcham. Pharmacology Unit, University of Western Australia, Perth, WA,
Australia. Sponsor: F. Grzemski.
Hydralazine strongly suppresses the toxicity of acrolein, a highly reactive aldehyde
that participates in a range of degenerative conditions and drug-induced toxicities.
At least two mechanisms may contribute to cytoprotection, both involving hydralazine’s nucleophilic hydrazine. Under the simplest scenario, hydralazine directly
scavenges free acrolein, decreasing intracellular acrolein availability and thereby
suppressing macromolecular adduction. In a second “adduct-trapping” mechanism,
the drug forms hydrazones with acrolein-derived Michael adducts in cell proteins,
preventing secondary reactions of adducted proteins that may trigger cell death. In
this study, the relative contributions of these pathways were explored in mouse hepatocytes exposed to the acrolein precursor allyl alcohol. Strikingly, intense protein
adduct-trapping accompanied cytoprotection by concentrations of hydralazine that
did not alter extracellular free acrolein levels, glutathione depletion or protein carbonylation, suggesting minimization of intracellular acrolein availability does not
explain hydralazine’s protective efficacy. To investigate ways whereby adduct-trapping might confer cytoprotection, hydralazine’s ability to disrupt acrolein-induced
protein cross-linking was examined. Using bovine pancreas ribonuclease A as a
model protein, acrolein caused rapid time- and concentration-dependent crosslinking. Lysine adduction in monomeric protein preceded the appearance of
oligomers, while reductive methylation of protein amine groups abolished adduc-

tion and oligomerization by acrolein. Hydralazine inhibited cross-linking if added
30 min after commencing acrolein modification, yet was ineffective if added after a
90 min delay, indicating protein cross-links are stable to the drug.
Immunochemical analysis revealed that adduct-trapping closely accompanied inhibition of cross-linking by hydralazine. These findings suggest cross-link blocking
secondary to Michael adduct-trapping may contribute to hydralazine’s protective
efficacy.

1193

BIOLOGICAL RESPONSES TO PARTICULATE MATTER
IN COMPROMISED RATS: THE ROLE OF TRANSITION
METAL AND POLYCYCLIC AROMATIC
HYDROCARBON CONTENTS

M. Gerlofs-Nijland1, J. Boere1, D. Leseman1, R. Salonen2, M. Sillanpaa4, R.
Duffin3, 5, R. Schins3, P. Borm3 and F. Cassee1. 1National Institute for Public
Health and the Environment, Bilthoven, Netherlands, 2National Public Health
Institute, Kuopio, Finland, 3Insitut fur Umweltmedizinische Forschung, Dusseldorf,
Germany, 4Finnish Meteorological Institute, Helsinki, Finland and 5University of
Edinburgh, Scotland, United Kingdom.
Statistically significant associations have been shown for ambient particulate matter
(PM) and morbidity and/or mortality with higher risks for diseased and elderly.
The objectives of this study were (a) to investigate in vivo (cyto)toxicity, inflammatory activity and systemic toxicity in compromised animals exposed to PM and (b)
to relate the outcomes to the chemical composition in particular polycyclic aromatic hydrocarbon (PAH) and transition metal content. PM samples were collected
using a high-volume cascade impactor in six European cities representing typical
contrasting situations in urban PM pollution. Spontaneously hypertensive rats were
exposed to a single PM dose (7 mg PM/kg of body weight) by intra-tracheal instillation and biological effects were investigated 24 hours after exposure. Exposure to
a PM sample with high metal or PAH content resulted in elevated lactate dehydrogenase, and protein levels as well as increased neutrophil numbers in bronchoalveolar lavage fluid compared to exposure to a PM sample with respectively low metal
or PAH content. In addition, blood coagulation was positively related to metal or
PAH content but there was no result on other health effect markers in the blood. In
general, samples with PAHs bound to particles induce stronger effects than particle
free extracts. This study showed that PM samples with higher metal or PAH contents induce stronger cellular toxicity, inflammatory activity, and blood coagulation. The outcomes of the present study support the hypothesis that on an equal
mass basis, particle toxicity differs due to composition.
This study formed part of the EU 5th-framework-project PAMCHAR (QLK4-CT2001-00423).

1194

COMPARISON OF CARDIOPULMONARY RESPONSES
OF WISTAR KYOTO (WKY) AND STROKE PRONE
SPONTANEOUSLY HYPERTENSIVE RATS (SHRSP) TO
PARTICULATE MATTER (PM) EXPOSURE

J. G. Wallenborn1, M. C. Schladweiler2, A. D. Ledbetter2, A. Nyska3, J.
Johnson3, R. F. Thomas2, R. Jaskot2, J. H. Richards2 and U. P. Kodavanti2.
1
Environmental Sciences and Engineering, University of North Carolina at Chapel
Hill, Chapel Hill, NC, 2NHEERL/ETD, USEPA, Research Triangle Park, NC and
3
NIEHS, Research Triangle Park, NC.
Although a clear link between cardiopulmonary disease and an increased susceptibility to air pollution has been established epidemiologically, the mechanistic link
remains undefined. Animal models of disease are widely used to investigate this
link. Here we compare the cardiopulmonary response of SHRSP to WKY rats to oil
combustion PM exposure. Male rats (12-15 wks age) were intratracheally instilled
with saline or 1.11, 3.33 or 8.33 mg/kg of PM. Responses were analyzed 4h or 24h
later. Baseline levels of protein and albumin, but not lactate dehydrogenase (LDH)
or N-acetyl glucosaminidase (NAG) activities in the bronchoalveolar lavage fluid
(BALF) of control SHRSP were higher than control WKY. Additionally, effects of
PM instillation on BALF levels of protein, albumin and γ-glutamyltransferase
(GGT) activity were exacerbated in SHRSP as compared to WKY, suggesting more
vascular leakage in SHRSP. Total numbers of lavageable cells and neutrophils increased in the BALF of both strains. Histopathology evaluation revealed treatment
related lesions in the lung, but not heart, of both strains. Electron microscopy images showed no apparent acute exposure-related pathology to cardiac mitochondria
in either strain. These data suggest SHRSP are more susceptible than WKY to lung
injury following PM exposure. Furthermore, a single instillation of PM causes lung
inflammation but no apparent cardiac pathology or mitochondrial structural damage in either strain. (Abstract does not represent USEPA policy. This research was
supported in part by UNC/EPA CT829471.)
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A NEW APPROACH IN HEART RATE VARIABILITY
(HRV) ANALYSIS TO ASSESS THE RISK OF HEART
FAILURE IN MICE EXPOSED TO AIRBORNE
PARTICULATE MATTER (PM)

Q. LI1, J. Hwang2, M. Lippmann1 and L. Chen1. 1Nelson Institute of
Environmental Medicine, Tuxedo Park, NY and 2Statistics Institute, Academia Sinica,
Taipei, Taiwan.
HRV has been increasingly used as an index to assess the risk of subjects exposed to
PM. However, the traditional measurements of HRV (SDNN, RMSSD), and ellipse fitting parameters in a Poincaré plot are constantly influenced by subjects’
movements, changes in respiratory rates and environmental factors (such as temperature and noise). We established a new approach to assess the risk of heart failure
in mice exposed to concentrated ambient particles (CAPs) in a series of subchronic
and acute cross sectional studies. This new HRV analysis method is relatively sensitive and more stable than traditional HRV analysis methods. First, the data sampled
during the slow wave sleep period was used for the evaluation of cardiac vagal activity and parasympathetic control. Second, the robust statistics are applied to estimate the standard deviations (STD) of consecutive Inter-Beat-Interval (IBI) differences at each IBI value; therefore permitting separation of random arrhythmias
from normal respiratory sinus arrhythmia. Finally, the slope of those STDs was
ranked by using the simple linear regression between subjects or within subjects to
assess the risk of heart failure. In this study, we found: (1) the significantly elevated
heart failure risk in the mice in long term exposure to CAPs in our subchronic studies, and most of the high risk mice died or deteriorated during the experiments; (2)
significantly increased rate of random arrhythmia two days following exposure to
CAPs or Carbon in a series of acute cross-sectional studies. In addition, we tested
the sensitivity of this new method by measuring Receiver Operating Characteristic
Curves, the representation of the tradeoffs between sensitivity and specificity, in
human subjects between 29 congestive heart failure patients and 59 normal subjects
from PhysioBank database, and found the sensitivity reading is quiet high (>0.8 in
same age group). In conclusion, this method is a useful complement to existing traditional HRV analysis methods.

1196

ANGIOTENSIN II POTENTIATE CONCENTRATED
AMBIENT PARTICULATE MATTER (CAPS) INDUCED
HYPERTENSION AND VASCULAR DYSFUNCTION IN
RATS

C. Quan1, Q. Sun2, X. Jin1, Q. Li1, M. Zhong1, S. Rajagopalan2 and L. Chen1.
1
Environmental Medicine, New York University, Tuxedo Park, NY and 2Mount Sinai
School of Medicine, New York, NY.
A number of key epidemiologic studies have consistently demonstrated a link between particulate matter (PM) and increased cardiovascular morbidity and mortality. Hypertension is a major risk factor for cardiovascular disease. A newly recognized association between air pollution and hypertension has been raised recently
by several human studies. In this study, we seek to understand the effects of 12
weeks of concentrated ambient particles (CAPs) exposure on blood pressure (BP) in
rats. Male Sprague-Dawley rats of 250 to 300g, n=6/group, implanted with
DataScience blood pressure transmitters, which allowed continuous 24 hr BP and
heart rate measurement, were exposed to CAPs or filtered air (FA) in a modified
versatile aerosol concentration enrichment system (VACES) for 12 weeks (Nov. 7
2005 – Jan. 27, 2006) and then infused with angiotensin II (Ang II) (0.3 mg*kg1*d-1) or placebo through subcutaneous osmotic mini-pumps for a duration of 7
days. Animals were sacrificed post Ang II infusion and vasoconstrictive response on
phenylephrine and serotonin challenge in the thoracic aorta were measured. In addition, superoxide and H2O2 in frozen section of thoracic aorta were measured
using the superoxide-sensitive dye dihydroethidium (DHE) and DCFDA, respectively. Gene expression levels of Rho/Rho kinase and its associated proteins, p22
phox and related proteins, GTP Cyclohydrolase were measured using quantitative
RT-PCR. The results shows that short-term repeated exposure to CAPs caused an
alteration in blood pressure and heart rate variability as compared to filtered air
control and the effects were enhanced by Ang II treatment.

1197

AMBIENT PARTICULATE MATTER EXPOSURE
ACCELERATES ATHEROSCLEROSIS AND VASCULAR
INFLAMMATION

L. Chen1, Q. Sun2, A. Wang2, X. Jin1, M. Zhong1, Q. Li1, R. Kirk2, A.
Schecter2, M. Lippmann1 and S. Rajagopalan2. 1Env MED., NYU SOM, Tuxedo,
NY and 2Wiener Cardiovascular INST., Mt Sinai SOM, NY, NY.
We test the hypothesis that concentrated ambient particulate matter (CAPs) potentiates atherosclerosis and alters vasomotor tone in a susceptible disease model.
ApoE-/- mice, fed with normal (NC) or high fat chow (HFC), were exposed to
CAPs or filtered air (FA) (6 h/d,5 d/w,85 µg/m3).The aorta plaques were measured
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using an ultrasound biomicroscopy (UBM) and H&E and red oil-O staining.
CD68 and tissue factor (TF) immunohistochemical staining, vasoconstrictive response of aorta to agonists was measured. In theaorta arch, UBM indicated a
97.5% increase in the HFC, and a 44.6% increase in the NC (PM2.5 vs FA). In the
brachial-cephalic trunk, an area that mimics human atherosclerosis, UBM indicated a 79.2% increase in plaque area in the HFC, and an 18.5% increase in the
NC (PM2.5 vs FA). Histopathology showed similar results while lipid content in
the aortic arch revealed a 1.5-fold increase in PM2.5-HFC as compared to the FAHFC. Vasoconstrictive response on phenylephrine and serotonin challenges in the
thoracic aorta of PM2.5-HFC mice were exaggerated (120% and 123% vs. 100%
and 96% respectively, for PM2.5-HFC vs. FA-HFC), while relaxation to the endothelium dependent agonist acetylcholine was attenuated (ED50 =7.53 vs. 8.2,
PM2.5-HFC vs. FA-HFC). PM2.5-HFC mice demonstrated marked increases in
macrophage infiltration, as determined by CD68 staining (35%, 10% in PM2.5HFC and FA-HFC, respectively), increased expression of the iNOS (28% vs.
12%), increased ROS and greater protein nitration product 3-nitrotyrosine. In addition, marked increases in TF expression and macrophage infiltration in the
plaques in the PM2.5-HFC group were observed. Our results suggest, for the first
time, that long-term exposure to PM2.5 at levels within the current NAAQS, may
alter vasomotor tone, induce vascular inflammation and exacerbate atherosclerosis,
which may be mediated by heightened radical generation, iNOS expression and
protein nitration in the vessel wall, and by increased TF expression in the plaque
and smooth muscle cells.

1198

IN VIVO TOXIC POTENCY OF AMBIENT COARSE AND
FINE PARTICULATE MATTER SAMPLED ACROSS
EUROPE

F. Cassee1, M. Gerlofs-Nijland1, D. Leseman1, J. Boere1, I. Mudway2, K.
Donaldson5, C. Guastadisegni6, H. Bloemen1, N. Janssen4, 1, T. Sandstrom3 and
L. van Bree1. 1National Institute for Public Health and the Environment, Bilthoven,
Netherlands, 2King’s College London, London, United Kingdom, 3University
Hospital Umea, Umea, Sweden, 4Institute for Risk Assessment Sciences, Utrecht,
Netherlands, 5University of Edinburgh, Edinburgh, United Kingdom and 6Instituto
Superiore di Sanita, Rome, Italy.
Ambient particulate matter (PM) has been linked with intensification of respiratory
and cardiovascular diseases. The objectives of this in vivo study were (a) to compare
the toxicity of various ambient derived PM samples collected throughout Europe
with contrast in traffic density and (b) to investigate the role of traffic in PM-induced toxicity. PM samples were collected using a high-volume cascade impactor
and six PM samples showing differences in traffic contribution were selected.
Spontaneously hypertensive rats were exposed to a single dose (3 or 10 mg PM/kg
of body weight) of coarse (PM2.5-10) or fine (PM0.1-2.5) PM and biological effects
were investigated 24 hours after exposure. The majority of the measured adverse
health effect markers showed a dose-response relationship. Cellular damage was induced by all PM samples at the highest dose, while altered epithelial permeability is
observed mainly with high doses of the coarse fraction. Besides, marked pulmonary
inflammation and increased blood viscosity were observed after exposure to both
PM fractions. Markers indicative for cytotoxicity and inflammation revealed locations differences and this was most evident for coarse PM. All of the coarse and fine
PM samples tested expressed toxic potency, both in the lung and in the vascular system. Contrary to expectations the largest effects were associated with coarse samples. For the majority of endpoints examined location dependent contrast were seen
with a general rule that samples from locations with high traffic densities induced
greater responses than those from low traffic sites. It was notable however that two
low traffic sites also appeared to induce relatively large toxic responses.
This study formed part of the HEPMEAP project (QLRT-1999-01582).

1199

EFFECTS OF AMBIENT PM ON CYTOKINE
PRODUCTION IN MOUSE MACROPHAGES AND
EPITHELIAL CELLS

R. Boyles1, I. Gilmour3 and I. Jaspers2, 1. 1Environmental Science and Engineering,
University of North Carolina at Chapel Hill, Chapel Hill, NC, 2Pediatrics,
University of North Carolina at Chapel Hill, Chapel Hill, NC and 3USEPA, Research
Triangle Park, NC.
The objective of the Multi-Site Ambient Particle Study (MAPS) was to collect ambient particles from different geographical regions, examine their health effects
using various in vitro and in vivo experimental approaches, and ultimately relate
the health effects to particle components and pollution sources. Size fractionated
airborne particles were collected in six different locations in the United States and
made available to investigators in several different laboratories. The objective of this
study is to compare the effects of these ambient particles on cytokine production in
different lung cell types using in vitro models of mouse macrophages and lung epithelial cells. Briefly, MH-S cells, a mouse lung macrophage cell line, and LA-4

cells, a mouse lung epithelial cell line, were exposed to 10 or 100µg/ml of either the
coarse or fine particle fraction and examined for IL-6 expression 24 hours post-exposure. Both coarse and fine particle fractions dose-dependently upregulated IL-6
production in MH-S cells and these responses varied moderately with location.
Interestingly, the coarse fraction induced significantly greater IL-6 production in
MH-S cells than the fine fraction, independently of geographical location. In contrast, both fine and coarse particle fractions upregulated IL-6 production in LA-4
cells and the magnitude of these responses varied with collection site. Taken together, these results indicate that regardless of geographic location, coarse and fine
particle fractions exert different effects in lung macrophages and epithelial cells,
with epithelial cells being more susceptible to health effects induced by fine particle
fractions. In addition, our preliminary analysis suggests that geographical collection
site may not be a good predictor of health effects in different lung cell types. Data
obtained from this study will help distinguish the role of different lung cell types in
particle-induced health effects seen in vivo.

1200

EFFECTS OF DIESEL EXHAUST ON TLR3
EXPRESSION AND SIGNALING IN MICE
J. M. Ciencewicki1, K. Gowdy2, I. Gilmour3, 1, 2 and I. Jaspers1. 1Curriculum of
Toxicology, University of North Carolina, Chapel Hill, NC, 2Immunology, North
Carolina State University, Raleigh, NC and 3NHEERL, Environmental Protection
Agency, Research Triangle Park, NC.
There are a variety of intrinsic as well as extrinsic factors, such as exposure to air
pollution that can affect the pathogenesis of respiratory infections. Exposure to
diesel exhaust (DE) emissions can alter host defense and immune responses and we
have previously demonstrated that DE enhances the susceptibility to influenza infections and influenza-induced expression of toll-like receptor 3 (TLR3) in human
respiratory epithelial cells in vitro. The purpose of this study was to confirm and expand these observations in vivo. BALB/c mice were exposed to air, 0.5 or 2 mg/m3
of DE for 4 hours/day for 5 days. One hour after the final exposure, mice were intratracheally instilled with influenza A/Bangkok/1/79 virus or vehicle and the animals were sacrificed 18 hours post-infection. Exposure to 0.5 mg/m3 DE enhanced
viral titers, as indicated by increased levels of influenza hemagglutinin (HA) mRNA
levels, a marker of viral titers. Similarly, exposure to 0.5mg/m3 DE also enhanced
influenza-induced TLR3 as well as TLR7 expression in mouse lung. In situ hybridization showed that TLR3 mRNA was located predominantly in the epithelial
cells lining the airways and alveolar regions. Additionally, the two major branches
of TLR3’s downstream signaling cascade were also enhanced at this exposure level.
Increased signaling in both the inflammatory and interferon branches of the TLR3
pathway was indicated by increased expression of IL-6 and IFN-β, respectively. In
contrast, while exposure to DE enhanced influenza-induced TLR3 expression in
the lung, exposure to DE had no effect on influenza-induced TLR3 and TLR7 expression in lymph nodes. Taken together these results indicate that exposure to DE
could potentially alter the susceptibility and response to viral infections by increasing the expression and signaling of TLR3 in the lung.

1201

DIFFERENTIATED PRIMARY HUMAN LUNG
EPITHELIAL CELLS EXPOSED TO DIESEL EXHAUST
(DE) AT AN AIR-LIQUID INTERFACE
J. Seagrave1, J. D. McDonald1, S. Dunaway1, P. Hayden2, C. Stidley3 and J. L.
Mauderly1. 1Lovelace Respiratory Research Institute, Albuquerque, NM, 2MatTek
Corp., Ashland, MA and 3University of New Mexico, Albuquerque, NM.
An important approach to understanding the potential health effects of exposure to
air pollution is to study the biological responses of potential target cell types to welldefined aerosols of pollutants of interest under physiologically relevant conditions.
Human primary lung epithelial cells cultured on membranes were differentiated by
exposure of the apical surfaces to atmosphere. Triplicate cultures were exposed to
DE containing 3 mg/m3 total particulate matter or to filtered air (FA), or maintained in the incubator for 3 hours. Responses were analyzed after either 1 h, or 21
h of additional culture. Three sets of cultures from each of 3 donors were tested to
determine consensus responses and to assess the inter-donor variability. DE exposure significantly decreased cellular glutathione, increased release of lactate dehydrogenase, increased transepithelial permeability to ions and large molecules, and
suppressed mitochondrial function (tetrazolium conversion) at 1 h in all experiments, but the effects were not sustained. Extracellular alkaline phosphatase activity
generally decreased for DE relative to FA exposures. Extracellular mucin-like substances were also decreased at the early times for 2 donors, while the third donor
did not appear to produce any of these substances. HO-1 protein levels were increased slightly by exposure to FA, and in one donor, this protein was increased further by exposure to DE. IL-6 release was suppressed at 24 h independent of the
donor. IL-4 levels, while low, were also suppressed by DE. In contrast, in 7 of 9 experiments, IFNγ increased. However, some endpoints were affected by the source
of the cells, and thus comparative toxicology using this system would be best performed using the same donor for all experiments. This work was supported by the
Freedom CAR and Vehicle Technology Program of the U.S. Department of Energy,
Office of Energy Efficiency and Renewable Energy.

1202

SPECIES DIFFERENCES IN THE METABOLISM OF
PYRETHROID PESTICIDES IN RAT AND HUMAN
LIVER MICROSOMES

S. J. Godin1, M. F. Hughes2, M. J. DeVito2 and M. K. Ross3. 1Curriculum in
Toxicology, University of North Carolina, Chapel Hill, NC, 2NHEERL, USEPA,
Research Triangle Park, NC and 3CEHS, Mississippi State University, Mississippi
State, MS.
Pyrethroids are neurotoxic pesticides and their pharmacokinetic and pharmacodynamic behavior play a role in their toxicity. This study examined the clearance of esfenvalerate (esfen) and deltamethrin (delta) from rat (RLM) and human liver microsomes (HLM) to assess species differences in pathways and rates of metabolism.
Esfen was cleared at 108.2 ± 2.2 and 37.3 ± 10.3ml/min/kg in RLM and HLM, respectively. Using the hydrolase inhibitor tetraethylpyrophosphate (TEPP), clearance of esfen by oxidative metabolism accounted for 70% and 90% of the total
clearance in RLM and HLM, respectively. Delta was cleared at 89.0 ± 23.7 and
202.4 ± 26.7ml/min/kg in RLM and HLM, respectively. TEPP inhibition of hydrolysis decreased total clearance of delta in RLM by 30%, while TEPP inhibited
95% of the clearance in HLM. These results indicate a significant species difference
in the metabolism of delta, which may be related to hydrolase activity. Thus the kinetics of pure rat and human carboxylesterases (CEs) were examined with delta. Rat
hydrolase A and B gave specific activities of 3.04 ± 0.17 and 0.75 ±
0.07nmol/min/mg, respectively. In contrast, human CE-1 and CE-2 gave specific
activities of 12.21 ± 0.57 and 0.46 ± 0.03nmol/min/mg, respectively. These studies
reveal a significant species difference in the pathways and rates of clearance of delta,
as well as significant differences in the activities of rat and human CEs. These pharmacokinetic differences may impact the determination of a human equivalent dose
by altering exposure-dose relationships across species for delta. (NHEERL-DESE,
EPA CT826513. This abstract does not represent EPA policy)

1203

CUMULATIVE RISK OF PYRETHROIDS: TESTING
ADDITIVTY OF THE ACUTE MOTOR EFFECTS OF
ELEVEN PYRETHROIDS

M. J. Wolansky2, C. Gennings3 and K. M. Crofton1. 1USEPA, Research Triangle
Park, NC, 2National Research Council, Research Triangle Park, NC and
3
Department of Biostatistics, VCU, Richmond, VA.
Pyrethroid use has increased in the last decade and exposure to multiple pyrethroids
has been reported in humans. Pyrethroids produce neurotoxicity in mammals at
dosages far below those producing lethality. The Food Quality Protection Act requires the EPA to consider cumulative risk for pesticides having a common mechanism-of-action (MOA). A common MOA proposed for pyrethroids is based on altered neuronal sodium channel dynamics, consequent changes in membrane
polarization and abnormal discharge of targeted neurons. We recently characterized
dose-responses for in vivo motor neurotoxicity (figure-8 maze activity) in adult
male Long Evans rats for 11 commonly used pyrethroids (5 Type I, 5 Type II, and
one Type I/II pyrethroids, po, corn oil as vehicle). A threshold additivity model was
used to estimate: ED30s, threshold doses, and relative potency factors (RPFs;
deltamethrin as index compound). This model was also used to predict the effects
of a pyrethroid mixture containing all 11 pyrethroids. All pyrethroids produced
dosage-dependent drops in activity. RPFs ranged from 0.009 to 2.09. Threshold
doses ranged from 0.48 (esfenvalerate) to 116.6 (resmethrin) mg/kg. A mixture
dose-response was characterized in rats dosed 2 hr prior to motor activity testing. A
stock mixture solution was made with concentrations of the individual pyrethroids
based on the ratio of threshold doses. Seven dilutions (100, 66, 50, 33, 10, 4, and
1%) of the mixture were tested (n=11-12/group). The mixture produced a concentration-dependent decrease in motor activity, with significant effects at 33% and
higher. Data analysis revealed two important outcomes: 1) the empirical effects of
the mixture were predicted by dose-addition theory, and 2) that a mixture containing only sub-threshold concentrations of individual pyrethroids will significantly
alter behavioral function. Future work will test the assumption of additivity using
mixture exposure scenarios derived from environmental samples. (This abstract
does not necessarily reflect the policy of the US EPA)

1204

INHIBITION OF CYTOCHROME P450 2B1 BY THE
CONAZOLE PESTICIDES MYCLOBUTANIL AND
TRIADIMEFON

J. P. Stanko1 and H. A. Barton2. 1Curriculum in Toxicology, University of North
Carolina at Chapel Hill, Chapel Hill, NC and 2National Center for Computational
Toxicology Environmental Protection Agency, Research Triangle Park, NC.
Conazole pesticides are used to control fungal infections in agriculture while related
compounds are human pharmaceuticals. Their antifungal properties result from the
interaction of the conazole with cytochrome P450 (CYP) 51 and subsequent inhibition of ergosterol biosynthesis. Conazoles can also induce mammalian xenobiotic
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metabolizing CYPs including the CYP 2B and CYP 3A subfamilies in rats. The
CYP 2B subfamily is also inducible by phenobarbital and other barbiturates.
Elevated alkoxyresorufin-O-dealkylase activity has been observed in liver microsomes from rats exposed to myclobutanil (MCL) and triadimefon (TFN) via the
diet or oral gavage. Of particular interest was elevated pentoxyresorufin-O-dealkylase (PROD) activity. PROD is used mainly as a probe for measuring the CYP 2B1
isoform, which metabolizes MCL and TFN either very slowly or not at all. The
purpose of this study was to investigate whether MCL and TFN interact with CYP
2B1. CYP 2B1 activity was measured using a pentoxyresorufin-O-deethylase microplate reader fluorescence assay. Expressed CYP 2B1 isoform was incubated with
substrate (pentoxyresorufin) concentrations ranging from 0.42-42 µM alone or
with conazole concentrations ranging from 0.1-200 µM. The O-deethylation of
pentoxyresorufin by CYP 2B1 isoform was inhibited by both MCL and, to a lesser
extent, TFN. The pattern of inhibition was complexly dependent on conazole concentration. Based on enzyme kinetic plot analyses, myclobutanil exhibits either
non-competitive or mixed-type inhibition. Inhibition is clearly not competitive or
uncompetitive.
(This abstract does not reflect EPA policy. JPS is supported by EPA/UNC
Toxicology Training Agreement # T 829472).
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ASSESSMENT AND EXAMINATION OF
MITOCHONDRIAL DNA SEQUENCE CHANGES IN
PRIMARY HUMAN HEPATOCYTES FOLLOWING IN
VITRO EXPOSURE TO FOUR DIFFERENT CONAZOLES

J. Jakupciak1, B. Roop2 and S. Hester2. 1National Institute of Standards and
Technologies, Gaithersburg, MD and 2USEPA, Durham, NC. Sponsor: M. DeVito.
Conazoles are azole antifungal agents used both as pesticides and drugs. Some are
hepatotoxic in mice, rats, and humans; and they have been shown to be hepatocarcinogenic in mice. Ketoconazole is reported to be a potent mitochondrial inhibitor,
with complex I of the respiratory chain, a major target in rat hepatocytes.
Mitochondrial DNA represents a target for oxidative damage. After sustaining an
initial damage event, mitochondrial DNA can amplify oxidative stress by decreasing the expression of proteins involved in electron transport, leading to more reactive oxygen species generation. In this study, we have exposed primary human hepatocytes in duplicate to Ketoconazole (30uM), Propiconazole (300uM),
Triadimefon (300uM), or Myclobutanil (300uM), for 24 hrs. Cellular DNA was
isolated and the entire mitochondrial genome was amplified with 3 sets of forwardreverse mitochondrial primers. The resulting PCR amplicons were pooled and enzymatically fragmented, followed by labeling and hybridization to 12 human
Affymetrix Mitochondrial Resequencing Chips v2, containing the entire mitochondrial genome (16,568 bp tiled in duplicate) including the D-loop sequence
and the coding sequences for 37 mitochondrial genes. The resulting data were analyzed using Affymetrix GSEQ software. Analysis showed 27 sequences different
from the reference sequence, which categorized cells into mtDNA specific haplogroups. In addition, we observed one mutation at sequence mt188 after ketoconazole and propiconazole treatment but not triadimefon or myclobutanil. These results will be used to optimize further experiments establishing cell culture
conditions including the time of exposure and chemical concentration. (This abstract does not reflect EPA policy.)

1206

ALTERATIONS IN mRNA GENE EXPRESSION
ASSOCIATED WITH CHOLESTEROL METABOLISM,
CELL CYCLE, AND OXIDATIVE STRESS INDUCED BY
TRIAZOLE CONTAINING CONAZOLES IN RAT LIVER

S. Nesnow, B. Roop, S. Thai, D. C. Wolf, C. Jones, G. Nelson and S. Hester.
USEPA, Durham, NC.
Conazoles are fungicides used as pharmaceuticals and in agriculture agents.
Triadimefon was hepatotoxic and induced follicular cell adenomas in the thyroid
gland. In contrast, propiconazole and myclobutanil were hepatotoxic but had no effect on the thyroid gland. It was proposed that triadimefon induces thyroid tumors
by induction of xenobiotic metabolizing enzymes which alter circulating T4, T3,
and TSH. Serum thyroid hormone levels and UDP-glucuronyl transferase activity
failed to support this hypothesis. The present study used genomic profiling to examine transcriptional alterations associated with a mode of toxic action. Male
Wistar rats (3 per group) were exposed to triadimefon (1800, 500, or 100 ppm),
propiconazole (2500, 500, 100 ppm), or myclobutanil (2000, 500, or 100 ppm) in
the feed for 4, 30 or 90 days. Hepatic gene expression was performed using
Affymetrix GeneChips (Rat 230_2). Differential gene expression was assessed using
Robust Multichip Average Analysis (RMA) for probe level analysis. Low and mid
dose exposure resulted in the induction of phase I and phase II metabolizing enzymes, including CYP 1A1, CYP1A2, CYP 2B, CYP 3A, NADPH quinone oxidoreductase, and UGT1A6. At the high dose additional changes were present in
cell cycle control, cell signaling, lipid, carbohydrate, and nitrogen metabolism, and
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cytoskeletal and membrane coding proteins. Using Principle Component Analysis
(PCA), all three conazoles could be discriminated from controls. Propiconazole and
myclobutanil clustered together and were distinct from triadimefon. The genes altered by any treatment were mapped to several gene networks including steroid
biosynthesis, cell proliferation, and oxidative stress. [This abstract does not necessarily reflect EPA policy].

1207

UTILIZING HUMAN CYTOCHROME P450 SPECIFIC
CONTENT AND ACTIVITY TO BETTER MODEL
PARATHION AND CHLORPYRIFOS METABOLISM IN
INFANTS, CHILDREN, AND ADULTS
R. J. Foxenberg, J. B. Knaak, B. P. McGarrigle, P. J. Kostyniak and J. R. Olson.
Pharmacology and Toxicology, SUNY at Buffalo, Buffalo, NY.
Currently organophosphorous pesticides (OPs) are the most commonly used pesticides in the world. Organophosphorous pesticides act as irreversible acetylcholinesterase inhibitors once bioactivated from the thiophosphate to the reactive
oxon form. PBPK/PD models require accurate kinetic data on the rates of OP metabolism in different individuals to better assess individual risk. The kinetics of the
metabolism of parathion and chlorpyrifos was assessed in characterized human liver
microsomes and recombinant human CYP supersomes. Utilizing characterized
human liver microsomes (n = 5), the Km for the formation of paraoxon and chlorpyrifos oxon ranged from 8.7 to 39.1 and from 3.8 to 32.5 µM, respectively, while
the Vmax values ranged from 28.6 to 72.7 and from 20.9 to 63.8 µmol/hr/kg body
weight, respectively. Studies using characterized recombinant CYP supersomes
have identified CYPs 1A2, 2B6, 2C19, 3A4, and 3A5 as the greatest contributors to
OP metabolism. In the literature, the hepatic level of specific CYPs exhibits interindividual and age-dependent variability. By using published data on the content of
the above CYPs, the metabolic range for total Vmax for the conversion of parathion
to paraoxon in infants and adults is 1.6 to 28.0 and 34.9 to 120.8 µmol/hr/kg body
weight respectively. In the conversion of chlorpyrifos to chlorpyrifos oxon, the total
Vmax range is 1.9 to 24.0 and 40.3 to 156.0 µmol/hr/kg body weight for infants
and adults respectfully. Determining how changes in specific CYP content effects
OP metabolism is key in the refinement of a multi-route, multi-chemical
PBPK/PD model (ERDEM, Exposure Related Dose Estimating Model) (Blancato
et al., 2000; Knaak et al., 2001). Age-dependent CYP levels with CYP-specific kinetic parameters for OP metabolism will provide the data needed to better assess
the risk of OP exposure in infants, children and adults. (Supported by US EPA
STAR grant R-83068301)

1208

IN VITRO METABOLISM OF TRIADIMEFON BY RAT
LIVER MICROSOMES
Y. M. Sey. USEPA, R.T.P, NC.
Triadimefon (TDF) is an azole used as an agricultural pesticide. TDF exposures in
laboratory studies have resulted in neurological, developmental and reproductive
toxicities as well as tumors. Other classes of conazoles serve as effective pharmaceutical agents in controlling local and systemic fungal infections in humans. The antifungal mode of action is inhibition of cytochrome P450 (CYP) 51 activity and ergosterol biosynthesis. Conazoles have been shown to modulate hepatic xenobiotic
metabolizing enzymes which can influence toxicity. CYP mediated TDF metabolism results in minor hydroxylated metabolites, however, the reduction to the major
metabolite triadimenol is mediated by an unidentified carbonyl reductase. This
study aimed to investigate whether triadimefon modulates rat xenobiotic metabolizing enzymes and whether such effects alter triadimefon metabolism. Liver microsomes were prepared from adult male Sprague Dawley rats gavaged with control, 5
or 115 mg/kg TDF for 14 days. Total P450 concentration in the high dosage group
was significantly higher than in both control and low dose groups indicating enzyme induction at this dose. Enzyme induction in the high dosage group resulted in
significantly increased TDF microsomal metabolic clearance (intrinsic) relative to
non-induced groups. For control and low dose animals, Km (~ 1 µM) was determined to be similar while high dose animals showed a slightly lower value.
However, no statistically significant differences in Km were apparent across all dose
groups. These data indicated that repeated TDF exposure can induce enzyme activity which resulted in increased TDF metabolism. (This abstract does not necessarily reflect EPA Policy).

1209

FIPRONIL INDUCES CYP3A4 CYP2B6 AND CYP1A1
GENE EXPRESSION AND APOPTOSIS IN HUMAN
HEPATOCYTES
P. C. Das1, N. Cherrington2, Y. Cao1, E. Hodgson1 and R. L. Rose1.
1
Environmental & Molecular Toxicology, North Carolina State University, Raleigh,
North Carolina, NC and 2College of Pharmacy, University of Arizona, Tucson, AZ.
Fipronil (5-amino-1-[2, 6-dichloro-4-(trifluoromethyl) phenyl]-4-[(trifluoromethyl) sulfinyl] -1H-pyrazole-3-carbonitrile), causes thyroid cancer and developmental and reproductive toxicity and acts as a noncompetitive blocker of the

GABA-gated chloride channels in the CNS. Fipronil is metabolized in rats and humans primarily via CYP3A4, to one primary product, fipronil sulfone, which is
toxic, if not more toxic than the parent insecticide. Although pesticides are known
to induce and/or inhibit metabolic pathways currently there is no information with
respect to fipronil. Exposure of human hepatocytes to fipronil from 0.1 to 10 µM
resulted in a dose dependent increase in CYP3A4 mRNA expression (~10 to 30fold), followed by decreased mRNA levels with higher concentrations (5 to 25
µM). A similar dose response was also observed for CYP2B6 mRNA, but maximum expression observed at 1 µM fipronil was ~3-fold. In contrast, CYP1A1
mRNA expression increased throughout the entire dose range, with increases ranging from 3.5 to ~55-fold. Induction of CYP-specific protein was confirmed by
Western blot analysis. Cytotoxic effects were examined by using the adenylate kinase and the trypan blue exclusion assays in HepG2 cells and human hepatocytes.
A significant time- and dose- dependent induction of adenylate kinase was noted
from 0.1 to 12.5 µM concentrations of fipronil followed by decreasing activities at
25 and 50 µM concentrations. 20-30% cell death at the higher concentrations (2550 µM) following 48-72 h exposures confirmed cytotoxic effects. Likewise, timeand dose-dependent significant induction of caspase-3/7 activity was also noted in
both HepG2 cells and human hepatocytes. Fipronil mediated activation of caspase3/7 in concurrence with compromised ATP production and viability are attributed
to apoptotic cell death.

dose-dependent reduction in cellular proliferation and induced cellular death
within seventy-two (72) hours of exposure. The IC50 values for CPF, CPO and the
methyl analog of Chlorpyrifos (CPF-M) were approximately 31 uM, 63 uM and
100 uM respectively. Nuclear morphological staining with Hoechst 33342 revealed
that exposure to both CPF and CPO produced nuclear condensation as well as
fragmentation, which are indicative of apoptosis. Although previous studies suggest
that CPF may cause oxidative stress in fetal cells, nitric oxide and reactive oxygen
species production were not detected in JAR cells exposed to various concentrations
of Chlorpyrifos or its metabolites. Taken collectively, these results suggest that placental cells are sensitive to CPF and its metabolite CPO. Furthermore, preliminary
results suggest that CPF-induced embryonic toxicity may be mediated, in part, by
the toxicity to placental cells.

1212

DEVELOPMENTAL EXPOSURE TO
ENVIRONMENTALLY RELEVANT CONCENTRATIONS
OF DIELDRIN IN BABL/C MICE DOES NOT AFFECT
MAMMARY GLAND DEVELOPMENT

W. G. Foster, P. Mirshokraei, S. Bulk and A. C. Holloway. OBS/GYN, McMaster
University, Hamilton, ON, Canada.

1210

THE USE OF ZEBRAFISH TO ELUCIDATE THE
MECHANISM OF DITHIOCARBAMATE
DEVELOPMENTAL TOXICITY

F. Tilton, J. K. La Du, N. Alzarban and R. L. Tanguay. Environmental and
Molecular Toxicology, MFBSC, EHSC, Oregon State University, Corvallis, OR.
We have demonstrated that dithiocarbamates (DTCs) share a common toxic effect
on development at environmentally relevant concentrations. Considerable evidence
exists that this toxicity is conserved across taxa and our efforts are directed toward
elucidating the target and mechanisms by which DTCs perturb vertebrate development. The potential for DTCs to alter the redox balance within the developing embryo is currently under investigation. The thiol containing antioxidant, glutathione, will protect against monomethyl DTCs but not DTCs with larger
substituents. A morpholino designed to repress the expression of glutamate cysteine
ligase, the rate limiting enzyme in the production of glutathione, shifted the DTC
dose response to the left supporting the protective capacity of glutathione. Wholemount immunohistochemistry techniques were used to evaluate neuronal development in control and DTC exposed embryos. Beginning at 18 hours post fertilization (hpf ) there is a lack of organization of spinal neurons in areas adjacent to the
distorted notochord. In addition, comparative studies using the zebrafish leviathon
mutant (lev) are aimed at target identification. The lev mutants phenocopy the
DTC effect, in that the notochord morphologies are indistinguishable at 24 hpf.
The addition of tricaine (MS-222) at 17 hpf to the DTC exposed or lev mutants
blocks the development of the notochord distortion. This supports earlier findings
in DTC treated animals that neuronal activity is required to reveal the notochord
distortion. Total RNA from pools of 80 embryos from DTC and control treatments
at 11, 14, 18, and 24 hpf were analyzed using the Affymetrix zebrafish array. No
more than 150 genes were differentially regulated at any time point and only two
genes were shared between multiple time points. Genes associated with muscle development, immune function, and oxidative status were well represented in the
gene set. Supported by Northwest Health Foundation # 10257, NIEHS
#ES00210, #ES03850, and #ES07060.

1211

CHLORPYRIFOS AND ITS METABOLITES INDUCE
APOPTOSIS IN PLACENTAL CHORIOCARCINOMA
CELLS

M. D. Saulsbury, S. O. Heyliger, D. Round, Q. Chen, K. Wang, J. Morse and
D. J. Johnson. Pharmaceutical Sciences, Hampton University, Hampton, VA.
Virtually all children in the United States have detectable levels of the organophosphate pesticide Chlorpyrifos (CPF) in their bodies. Although, CPF has been shown
to be relatively safe in adult animals, newly discovered evidence suggests that juveniles (animals and humans) may be more sensitive to CPF toxicity than adults.
Recent studies suggest that Chlorpyrifos can cause embryotoxicity, neurotoxicity
and alter levels of enzymes involved in neurotransmitter biosynthesis. The mechanism by which Chlorpyrifos exerts its toxicity in fetal and perinatal animals has yet
to be elucidated. The investigators used JAR cells as a model to determine if CPF
and the metabolites 3,5,6-trichloro-2-pyridinol (TCP) and Chlorpyrifos-oxon
(CPO) are toxic to the placenta. The results of the viability assays (Alamar Blue and
Crystal Violet), indicated that Chlorpyrifos (CPF), the methyl analog of
Chlorpyrifos (CPF-M) and the metabolite Chlorpyrifos-oxon (CPO) caused a

Dieldrin is a persistent environmental toxicant with estrogenic activity thought to
increase the risk of breast cancer. However, epidemiological and animal studies have
yielded equivocal results. Therefore, the objective of this study was to examine the
effect of in utero and lactational exposure to environmentally relevant concentrations of dieldrin on mammary gland development. To determine the dosing level
necessary to produce serum levels of dieldrin representative of human body burdens
sexually mature female BALB/c mice (n=140) were randomly assigned to one of
five treatment groups (vehicle, 0.45, 2.25, 4.5, and 22.5 ug/g body weight) and sacrificed at 0, 6, 24, 72 h, and 1, 2, and 4 weeks. Circulating levels of dieldrin was determined by GC/MS in pooled serum samples (n=4/treatment group and time
point). Dieldrin levels in serum rose rapidly reaching serum levels representative of
human tissue residue levels in the 0.45 and 2.25 dose groups. To assess the effect of
dieldrin on mammary gland development sexually mature female BALB/c mice
(n=48)were mated with proven breeders. Dieldrin (0.45, 2.25, and 4.5 ug/g) and
vehicle was administered weekly to pregnant dams to produce serum levels representative of background body burdens, occupational exposure, and overt toxicity.
There was no effect of treatment on body weight or behaviour however litter size
was significantly reduced in the high dose group only. Mice were euthanized at 180
days of age. Developmental exposure to dieldrin had no effect on mammary duct
length, number of terminal end buds, and immunohistochemical staining for amphiregulin and interlukin 1 receptor beta, markers thought to be important in
mammary gland tumour formation. We conclude that, in our mouse model, developmental exposure to dieldrin at concentrations representative of human serum
levels has no effect on mammary gland development.

1213

BEHAVIOR OF FENTHION AFTER CHLORINATION
TREATMENT AND EFFECT OF ITS PRODUCTS ON
CHOLINESTERASE ACTIVITY

T. Nishimura1, M. Tahara1, R. Kubota1, K. Shimizu1, M. Ema2 and H.
Tokunaga1. 1Division of Environmental Chemistry, National Institute of Health
Sciences, Tokyo, Japan and 2Division of Risk Assessment, Biological Safety Research
Center, National Institute of Health Sciences, Tokyo, Japan.
Organophosphorus pesticides are widely used and are commonly detected in agricultural products and environmental water samples. Fenthion (MPP) is one such
insecticide. Although MPP is rarely detected in environmental water samples,
MPP-sulfone(Sn) and/or MPP-sulfoxide(Sfx) are detected. These compounds are
oxidation products of MPP in the environment. In addition, each compound can
be changed to the more toxic oxon form through oxidation. It is feared that MPP
and its oxidation products are changed to other compounds in the disinfection
treatment process. It is important to estimate the toxicity of MPP and its oxidation
products. After contact with chlorine, MPP-Sfx and MPP-Sn gradually increased
and each compound was transformed to its oxon form. We examined the inhibition
of cholinesterase activity to evaluate the effect of these compounds on organisms
using an in vitro method established. MPP, MPP-Sfx and MPP-Sn each showed a
weak inhibitory effect. However, the oxon forms showed a higher inhibitory effect
in this order. MPP-oxon-Sn and MPP-oxon-Sfx showed an inhibitory effect of
20% at ng levels. It was shown to be the oxon compound with the strong effect. In
this investigation, MPP seemed to be converted to MPP-Sfx and MPP-Sn and then
to their oxon forms by treatment of chlorine, and thus became more harmful compounds. It is important to control these compounds for human health and maintenance of the ecosystem.
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1214

REACTIVE OXYGEN SPECIES INVOLVEMENT IN THE
PESTICIDES-INDUCED CYTOTOXICITY IN
NEURONAL CELLS (SH-SY5Y), IN VITRO

Z. Jia1 and H. Misra1, 2. 1Department of Biomedical Sciences and Pathobiology,
Virginia Tech, Blacksburg, VA and 2Edward VIA Virginia College of Osteopathic
Medicine, Blacksburg, VA.
Human exposure to multiple pesticides is very likely due to the indiscriminate use
of pesticides in agriculture and in household. We and others have demonstrated
that exposure to endosulfan and zineb causes dopaminergic system dysfunction in
vivo. We hypothesized that these chemicals induce cytotoxicity through reactive
oxygen species formation. Release of lactate dehydrogenase was used as an index of
cytotoxicity to human neuroblastoma cells (SH-SY5Y) in vitro. We have found that
both endosulfan and zineb are cytotoxic to SH-SY5Y cells in a dose-dependent (50400 µM) manner. For mixture studies, concentrations of pesticides were chosen
basing on LC25 (Lethal Concentration) which would result in minimum cell death.
Exposure to mixtures of 100 µM endosulfan and 100 µM zineb enhanced both the
early apoptosis and late apoptosis/necrosis compared to individual chemicals. The
generation of intracellular hydrogen peroxide and superoxide anion was monitored
using spectrofluorometric analysis in combination with dichlorofluorescin diacetate
and hydroethidine dyes, respectively. Results of this analysis showed that cells exposed to individual pesticides increased the production of both hydrogen peroxide
and superoxide anion in a dose-dependent manner. Mixture of pesticides enhanced
the levels of hydrogen peroxide production and superoxide production, compared
to cells exposed to individual pesticide. Furthermore, these pesticides induced lipid
peroxides (thiobarbituric acid reactive products) formation. Taken together, these
findings support the above hypothesis and suggest that the cytotoxicity of endosulfan and zineb, both individually and in mixtures may, at least in part, be associated
with the generation of reactive oxygen species.

1215

THE USE OF THE INHIBITORY RATE CONSTANT KI TO
CHARACTERIZE INHIBITION OF
ACETYLCHOLINESTERASE BY ORGANOPHOSPHATES

C. Rosenfeld1 and L. G. Sultatos2. 1Schering-Plough Research Institute, Lafayette,
NJ and 2Pharmacology & Physiology, UMD New Jersey Medical School, Newark, NJ.
For over four decades the inhibitory constant ki has been used to quantify to inhibitory capacity of organophosphates (and other anticholinesterases) towards
acetylcholinesterase. More recently, results from this laboratory have indicated that
ki for an organophosphate can vary over a wide range of inhibitor concentrations,
thereby prompting the current investigation into the applicability this rate constant. Incubation of human recombinant acetylcholinesterase (3-5 pM) with
paraoxon ((O,O-diethyl O-(p-nitrophenyl) phosphate)(0.017-100 nM) revealed a
decreasing ki with increasing inhibitor, until a plateau was reached at about 10 nM
paraoxon. Co-incubation of paraoxon with p-nitrophenyl acetate and enzyme
yielded an inhibitor Kd = 339 nM, and a k2 = 51.8 h-1. Optimization of a computer
model based on an Ordered Uni Bi mechanism for phosphorylation of acetylcholinesterase determined k1 to be 0.5 nM-1h-1, and k-1 to be 170 h-1. These values
were used in a comparison of the Ordered Uni Bi model versus a ki model.
Interestingly, the ki model was accurate only at equilibrium (or near equilibrium),
and when the inhibitor concentration was well below its Kd (pseudo first order conditions). These results indicate that the often-utilized large inhibitor concentrations
for ki determinations could yield erroneous values. Furthermore, the changing ki as
a function inhibitor is not an artifact resulting from inappropriate inhibitor concentrations. (Supported by Grant ES012648 from NIEHS)

1216

METHOXYCHLOR-INDUCED INDUCIBLE NITRIC
OXIDE SYNTHASE AND PROINFLAMMATORY
CYTOKINES EXPRESSION IN MACROPHAGES : MAPKS
AND NF-κB AS POTENTIAL MOLECULAR TARGETS

J. Kim1, 2, K. Oh1, 2, E. Han1, 2, H. Kim2, Y. Hwang1, 2, D. Kim3 and H.
Jeong1, 2. 1Pharmacy, Chosun University, Kwangju, Kwangju, South Korea, 2Research
Center for Proteineous Materials, Chosun University, Kwangju, South Korea and
3
Pathology, College of Oriental Medicine, Daejeon University, Daejeon, South Korea.
Methoxychlor (MXC) is a pesticide that was developed as a replacement for
dichlorodiphenyltrichloroethane. In the present study, we investigated the effects of
MXC on the production of nitric oxide (NO) and the proinflammatory cytokines
(IL-1β, IL-6, TNF-α), and analyzed the molecular mechanism in RAW 264.7
macrophage cell line. The addition of MXC to macrophages induced the production of NO and proinflammatory cytokines and expression levels of these genes in
a dose dependent manner. The transient expression and electrophoretic mobility
shift assays revealed that the NF-kB transcription factor mediated the MXC-induced increase in the iNOS and proinflammatory cytokines expression levels. In
addition, MXC induced the rapid phosphorylation of the ERK1/2 and p38
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MAPK. This demonstrates that MXC stimulates the production of NO and proinflammatory cytokines and can up-regulate the expression levels of these genes via
NF-κB transactivation and ERK1/2 and p38 MAPK phosphorylation. Overall, this
study provides evidence showing that MXC has inflammatory potential that is previously unrecognized immunomodulating activity.

1217

IDENTIFICATION OF A NOVEL HEMOGLOBIN
ADDUCT IN SPRAGUE DAWLEY RATS EXPOSED TO
ATRAZINE

G. Dooley1, J. Prenni2, B. Cranmer1, P. Prentiss1, M. Andersen3 and J. Tessari1.
1
Environmental and Radiological Health Sciences, Colorado State University, Fort
Collins, Co., 2Macromolecular Resources, Colorado State University, Fort Collins, CO
and 3Chemical Industrial Institute of Toxicology, Research Triangle Park, NC.
Atrazine (2-chloro-4-ethylamino-6-isopropylamino-s-triazine) is one of the most
commonly used herbicides in North America and is frequently detected in ground
and surface waters. This research investigated possible covalent modifications of hemoglobin following in vivo exposures to atrazine in Sprague Dawley rats and to
characterize these adducts formed and the specific amino acids modified. SD rats
were exposed to 0, 10, 30, 100, and 300 mg atrazine/kg/day for 3 days and blood
drawn at 0 h, 24 h, 72 h, 20 d, 1 m, and 2 m for globin analysis. Globin was purified from red blood cells, separated with HPLC, and analyzed with matrix assisted
laser desorption ionization mass spectrometry. An additional β globin peak was
seen in exposed animals during the HPLC and MALDI-TOF MS analysis with a
mass 110 Da greater than the normal β subunits. Tryptic digests of this β peak contained a peptide of 1449.9 m/z that corresponded to a modified amino acid 121132 peptide. Mass spectrometry and sequencing of this peptide indicated a 110 Da
addition to Cys-125 of the major beta globin chain, which corresponds to a nucleophilic substitution reaction with a diaminochlorotriazine. In vitro incubations of
SD globin and diaminochlorotriazine also resulted in a peptide of 1449.6 m/z that
was identical in sequence to the modified peptide seen in the in vivo digest confirming the nucleophilic substitution mechanism of adduct formation. Exposures
of SD rats to atrazine will form an adduct that is easily detected and provides an analytical model for detection of triazine adducts in other macromolecules with
sulfhydral functional groups.

1218

UP-REGULATION OF CYCLOOXYGENASE-2 GENE
EXPRESSION BY ALPHA- AND BETA-ENDOSULFAN IN
MACROPHAGES

K. N. Oh1, 2, J. Y. Kim1 and H. Jeong1, 2. 1Pharmacy, Chosun University, Kwangju,
Kwangju, South Korea and 2Research Center for Proteineous Materials, Chosun
University, Kwangju, South Korea.
Endosulfan is one of the organochlorine pesticides, which are noticed endocrine disruptors such as DDT. Endosulfan has traditionally been described as a mixture of
two diastereoisomers in a ratio of 70% alpha- and 30% beta-endosulfan. In the present study, we investigated the effects of alpha- and beta-endosulfan on the cyclooxygenase-2 (COX-2) gene expression, which plays a crucial role in many physiological
and pathological processes in macrophages. Treatment with alpha- and beta-endosulfan significantly increased the production of prostaglandin E2 and the expression
of COX-2 mRNA in RAW 264.7 macrophages. Transient transfection experiments
also showed that COX-2 promoter activities were increased by alpha- and beta-endosulfan. These data provide insight into possible general mechanisms by which
alpha- and beta-endosulfan up-regulate COX-2 gene and impart immunotoxicity.

1219

USE OF EXPOSURE RELATED DOSE ESTIMATING
MODEL (ERDEM) TO CONSTRUCT A PBPK/PD MODEL
FOR CARBOFURAN WITH THE REPORTED
EXPERIMENTAL DATA IN THE RAT

X. Zhang1, M. S. Okino2, F. W. Power2, J. B. Knaak3, A. M. Tsang1, L. S.
Harrison1, C. B. Thompson1 and C. C. Dary2. 1Anteon Corporation, Las Vegas,
NV, 2NERL, USEPA, Las Vegas, NV and 3Department . of Pharmacology and
Toxicology, SUNYAB, Buffalo, NY.
Human exposure to the N-methyl carbamate insecticide, carbofuran (2,3-dihydro2,2-dimethyl-7-benzofuranyl-N-methylcarbamate), is expected to involve agricultural workers and the general population that consumes raw and processed food. To
better understand the exposure process related to dose and untoward effect, a physiologically-based pharmacokinetic and pharmacodynamic (PBPK/PD) model was
developed for the rat using the Exposure Related Dose Estimating Model
(ERDEM) framework. The model includes various physiological tissues/organs,
multi-compartment GI, and enterohepatic recirculation of glucuronidated metabolites. Tissue blood partition coefficients for the parent compound and metabolites

were predicted by a computational model. Michaelis-Menten kinetic parameters
describing the metabolism and excretion were developed based on the available data
from the literature for tissue concentrations of metabolites. Bimolecular rate constants for acetylcholinesterase (AChE) inhibition were developed from red blood
cell (RBC) AChE inhibition data. The parent compound and one metabolite, 3-hydroxycarbofuran, were modeled as the enzyme inhibitors. The ERDEM simulation
results indicated that the blood concentrations of carbofuran and 3-hydroxycarbofuran reached the peak within 20 minutes and the RBC AChE was inhibited to the
minimum activity within 30 minutes after a bolus oral exposure. Most of the administered dose (over 80%) was excreted in the urine with an excretion half-life of
15 hours. A reasonable fidelity with the time course data of blood/tissue concentrations, urinary excretion of various metabolites, and RBC enzyme inhibition was
achieved. This model was used to estimate the NOAEL for carbofuran’s effect on
AChE for different exposure scenarios.

1220

THE ROLE OF 4-METHYLPYRAZOLE AS THE
ANTIDOTE FOR 2-CHLOROETHANOL INTOXICATION
D. Hung, Y. Chen and C. Hsu. Emergency Toxicology, Taichung Veterans General
Hospital, Taichung, Taiwan. Sponsor: S. Lin-Shiau.
Introduction: 2-Chloroethanol (2-CE) is a solvent commonly used in industry. In
Taiwan, the farmers apply 2-CE on grapevines to hasten sprouting. It carries a risk
of inhalation or dermal exposure. Severe intoxication and mortality had been reported in occupational settings and suicide conditions. Without decisive treatment
was noted. The metabolism of 2-CE was thought through the alcohol dehydrogenase (ADH). We studied 4-methylpyrazole (4-MP), a potent ADH inhibitor as antidote of 2-CE in rats. Methods: After pre-treating with normal saline or 4-MP, the
rats were injected intraperitoneally with varied dosages of 2-CE. The blood was
drawn for 2-chloroacetaldehyde detection by UV spectrophotometer after ADH reduction one hour after treatment. Result: 4-MP makes the LD50 of 2-CE increase
from 58mg/kg up to 180mg/kg in rat. The blood 2-chloroacetaldehyde concentrations were 42.7% lower in 4-MP treated group than the control group (28.0+2.3
ug/l vs. 48.8+11.0 ug/l, n=6, P<0.05). But, there were no significant difference between normal and 2-CE treated rats in liver and kidney functions. Discussion: The
toxicity of 2-CE may be due to metabolic activation by ADH, and the ADH inhibitor, 4-MP might play a crucial role in 2-CE intoxication. More investigations
are needed.

1221

EFFECT OF THE DELETION OF THE P50 SUBUNIT OF
NF-κB ON HEPATOCARCINOGENESIS IN MICE
RECEIVING DIETHYLNITROSAMINE AND
POLYCHLORINATED BIPHENYLS
J. C. Tharappel1, B. T. Spear1, H. Lehmler3, E. Y. Lee4, L. W. Robertson4 and
H. P. Glauert1. 1Graduate Center for Nutritional Sciences, University of Kentucky,
Lexington, KY, 2Microbiology/Immunology and Molecular Genetics, University of
Kentucky, Lexington, KY, 3Department of Occupational and Environmental Health,
University of Iowa, Iowa City, IA and 4Pathology and Laboratory Medicine,
University of Kentucky, Lexington, KY.
Polychlorinated biphenyls (PCBs) are organic pollutants that persist and bioaccumulate in the environment. These chemicals induce and promote liver tumors in
rodents. Previous studies show that they increase the hepatic DNA binding activity
of NF-κB, which is implicated in inflammatory responses and cell
proliferation/apoptosis. The present study was undertaken to examine diethylnitrosamine (DEN)-initiated hepatic tumor promotion in mice that lack the NF-κB
p50 subunit (p50 -/- mice). Male mice were first injected with DEN (90 mg/kg);
controls not receiving DEN were also studied. Both p50 -/- and wild-type mice
were then injected biweekly for 27 injections with corn oil or 300 µmol/kg of either
3,3’4,4’-tetrachlorobiphenyl (PCB-77) or 2,2’,4,4’,5,5’-hexachlorobiphenyl (PCB153). Very few of the mice not receiving DEN developed tumors. In DEN-treated
and DEN + PCB-treated mice, the incidence of tumors was lower in the p50 -/mice than in wild-type mice. However, the tumor incidence was not higher in mice
receiving PCBs. This study shows that the induction of hepatocarcinogenesis is diminished when NF-κB activation is impaired by the absence of p50. (Supported by
ES07380)
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MOLECULAR MECHANISMS ASSOCIATED WITH
ABERRANT LIVER GROWTH AND CARCINOGENESIS
IN F344 RATS TREATED WITH NONGENOTOXIC
CARCINOGENS
R. Currie, J. Dow, R. Lee, L. Cottrell, C. Sadler, F. Lim, A. Hargreaves, J.
Wright, C. Waterfield, J. Ashby, I. Kimber, G. Orphanides and J. G. Moggs.
Syngenta CTL, Macclesfield, Cheshire, United Kingdom.
Nongenotoxic carcinogens (NGC) alter cell growth, proliferation and apoptosis.
The assessment of the hazard to humans will be aided by identification of the molecular pathways involved. To identify novel markers of aberrant proliferation we

investigated the molecular mechanisms of liver growth, proliferation and hypertrophy induced by NGC. We combined global gene expression profiling, DNA
methylation analysis and metabonomic analyses of urine, sera and livers with the
biochemical or immunohistochemical investigation of potential markers. In combination these investigations will help to determine if “omics” data derived from a
short term dietary study can be used to generate markers that better predict the outcome of life-time carcinogenesis assays.
Initially, phenobarbital (PB) was selected as a model compound because it is a NGC
that causes liver hypertrophy and a transient increase in cell turnover. We dosed 9
week old male Fischer F344 rats with two sub-carcinogenic (50 or 500 ppm) and
one carcinogenic (1000 ppm) dose of phenobarbital or a control diet for 1, 3, 7 or
14 days. The generality of the mechanism based makers discovered in this study will
be explored by additional investigations with other NGCs and non-carcinogens.
Phenobarbital induced dose- and time-dependent increases in liver weight. Global
DNA hypomethylation was observed; strengthening the hypothesis that epigenetic
alterations are important for carcinogenesis and may be early biomarkers. Analysis
of metabonomic data identified increases at d7 and 14 in serum α1-acid glycoprotein, which may be a marker for the activation of the proliferative and antiapoptotic
NF-κB pathway in the liver. Gene ontology and pathway mapping of transcriptomic data demonstrated alterations in gene expression associated with aberrant
proliferation. The bioinformatic integration of these data onto biological interaction networks reveals novel insights into the molecular mechanisms of phenobarbital action.
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IMMUNOHISTOCHEMICAL CHARACTERIZATION OF
PRE-NEOPLASTIC LESIONS OBSERVED IN A LONGTERM CLOFIBRIC ACID-INDUCED NON-GENOTOXIC
HEPATOCARCINOGENESIS STUDY IN THE RAT

C. Michel1, C. Desdouets2, K. R. Isaacs3, R. R. Roberts4 and E. Boitier1. 1Drug
Safety Evaluation, sanofi aventis, Vitry-sur-Seine, France, 2INSERM U370, Paris,
France, 3CITP, Harrogate, United Kingdom and 4Safety Assessment, AstraZeneca,
Cheshire, United Kingdom.
Clofibric acid (CA) is a rodent non-genotoxic hepatocarcinogen that belongs to the
class of peroxisome proliferators (PP) that cause altered hepatocellular foci and / or
hepatocellular neoplasms. The aim of this study was to monitor selected aspects of
the phenotype of the different foci during a long-term CA-induced hepatocarcinogenesis study in the rat and after CA withdrawal.
Male F344 rats received or not a single IP injection of diethylnitrosamine (DEN,
30 mg/kg) followed by 5000 ppm CA in the diet for up to eighteen months with a
10-week recovery period. Rats were necropsied on Days 18, 46, 102, 264, 377, 447
(DEN+CA recovery phase), 524, and 608 (CA recovery phase) days. The different
types of focus were evaluated by hematoxylin/eosin staining.
Immunohistochemistry was performed for GSTp to evaluate the influence of CA
on DEN-induced foci, as well as Ki67 expression and caspase 3 activation for measuring cell proliferation and apoptosis, respectively.
CA treatment had no influence on tigroid foci but accelerated the onset of
eosinophilic and clear cell foci, which decreased in number after CA withdrawal to
return to a control level. Unlike common descriptions in the literature, CA treatment did not lead to an earlier appearance of basophilic foci, and they did not
regress after CA withdrawal. However their incidence and severity increased in this
study compared to controls. Our results also confirmed that CA treatment did not
promote DEN-induced GST-p foci, but nor did it make them regress. Evaluation
of cell proliferation and apoptosis rates is currently being performed to distinguish
which foci are the potential pre-neoplastic lesions. This identification, coupled to
gene expression in laser capture microdissected foci, will indeed be key steps to define the early molecular events responsible for the rodent hepatocarcinogenic properties of PP.
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ORPHAN NUCLEAR RECEPTOR CONSTITUTIVE
ACTIVE/ANDROSTANE RECEPTOR (CAR)-MEDIATED
ALTERATIONS IN DNA METHYLATION DURING
PHENOBARBITAL (PB) PROMOTION OF LIVER
TUMORIGENESIS

J. M. Phillips1, Y. Yamamoto2, M. Negishi2, R. R. Maronpot3 and J. I.
Goodman4. 1Biochem. & Mol. Biol., Mich. State University, East Lansing, MI,
2
Reproductive and Developmental Toxicology, NIEHS, NIH, Research Triangle Park,
NC, 3Experimental Pathology, NIEHS, NIH, Research Triangle Park, NC and
4
Pharmacology. and Toxicology., Mich. State University, East Lansing, MI.
PB, a nongenotoxic rodent hepatocarcinogen, facilitates the translocation of CAR
from the cytoplasm to the nucleus where it acts as a transcription factor. CAR mediates multiple PB-induced changes in liver, e.g., hyperplasia/hypertrophy, enzyme
induction, and approximately half of the increases and decreases in gene expression.
In addition, CAR is required for PB-promotion of tumorigenesis in C3H/He mice
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initiated with diethylnitrosamine (DEN) (Yamamoto et al., Can. Res. 64:7197,
2004). Altered methylation of DNA appears to play a key role in tumorigenesis, including promotion by PB. We hypothesized that PB-altered methylation is downstream of CAR. The status of methylation in GC-rich regions of DNA was assessed
in nonlesion areas (NLA) of liver obtained from C3H/He CAR WT and KO mice
given one dose of DEN followed by PB for 23 wk, and in tumors which appeared
in CAR WT mice after 32 wk of promotion. The methylation status of GC-rich regions of DNA was evaluated using methylation-sensitive restriction digestion and
arbitrarily primed PCR, followed by electrophoretic separation of the PCR products. This permits a simultaneous evaluation of specific regions of altered methylation (RAM), e.g., hypo-, hyper-methylation, and new sites of methylation. At 23
wk, RAMs were observed in both the KO and WT mice. However, we identified 42
RAMs which were unique to the NLA of WT mice, and 19 (45%) of these were
seen in the tumors. Additionally, there were 122 unique RAMs in the tumors as
compared to NLA of WT mice at 23 wk, indicating a progressive, increased alteration of methylation. Some of the PB-induced and CAR-dependent RAMs observed in the tumors, particularly those that were first detected in NLA at 23 wk,
may play a key role in mouse liver tumorigenesis.
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EFFECT OF ALCOHOL ON OXIDATIVE STRESS AND
DNA DAMAGE IN MOUSE LIVER EXPRESSING
HEPATITIS C VIRAL CORE PROTEIN

C. L. Powell1, 2, O. Kosyk2, L. A. Showalter3, S. A. Weinman3 and I. Rusyn1, 2.
1
Curriculum in Toxicology, University of North Carolina at Chapel Hill, Chapel Hill,
NC, 2Department Environmental Sciences & Engineering, University of North
Carolina at Chapel Hill, Chapel Hill, NC and 3Center for Hepatitis Research,
University of Texas Medical Branch, Galveston, TX.
Hepatitis C virus (HCV)-infected individuals who are also heavy drinkers are at a
2- to 4-fold greater risk of developing hepatocellular carcinoma. In the liver,
chronic viral infection and exposure to alcohol are thought to cause exacerbation of
oxidative stress resulting in cellular injury and an acceleration of the disease process.
However, our understanding of the mechanisms of these processes was limited
without an appropriate animal model of HCV infection. Here, we hypothesized
that HCV infection combined with alcohol challenge would lead to a significant
increase in oxidative stress and a concomitant accumulation of oxidative DNA lesions. Animals from a recently developed transgenic mouse line that shows robust
sustained expression of the hepatitis viral core protein and their wild-type littermates were given Lieber-DiCarli diet with or without ethanol for up to 5 weeks.
Oxidative stress in liver was evaluated by a panel of measurements that included assessing expression of base excision repair (BER) genes, quantifying oxidative lesions
in genomic DNA, and evaluating protein and lipid oxidation. HCV transgenic
mice had a 2-fold increase in abasic sites and 8-OH-dG adducts but no induction
of BER genes compared to wild-type mice. In contrast, treatment with alcohol
caused a 2- to 3-fold reduction in oxidative DNA lesions that may be attributed to
the 2- to 4-fold induction of several BER genes. Surprisingly, alcohol treatment in
mice supplemented with the anti-oxidant, astaxanthin disuccinate, caused a 2-to 4fold increase in DNA lesions. These data suggest that oxidant- and DNA damagerelated mechanisms of hepatocarcinogenesis in subjects with viral liver disease and
chronic alcohol drinking is complex and may not be limited to potentiation of the
oxidative DNA damage. Supported by ES07126, ES11391, ES012686,
AA016258.
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PHENOBARBITAL INDUCES UNIQUE TIME
DEPENDENT PATTERNS OF GC-RICH AND GENESPECIFIC ALTERED METHYLATION IN THE LIVER OF
TUMOR-PRONE B6C3F1 (B6) MICE

J. I. Goodman and A. N. Bachman. Pharmacology and Toxicology, Michigan State
University, East Lansing, MI.
DNA methylation is an epigenetic mark which, when altered, contributes to tumorigenesis because changes in methylation alter gene expression. For example, hypomethylation (HypoM) of the promoter region of Ha-ras, an oncogene implicated
in tumorigenesis, may increase its transcription. Phenobarbital (PB) is a non-genotoxic rodent carcinogen which induces global HypoM and regions of hypermethylation in mouse liver. Liver tumor sensitive male B6 mice and relatively resistant
male C57BL/6 (C57) mice were administered PB 0.05% w/w in drinking water for
2 or 4 weeks. DNA was isolated from both kidney (non-target) and liver (target)
tissue. The methylation status of hepatic DNA was assessed at both time points
while nephritic DNA was evaluated at 4 wk. The methylation status of GC-rich regions was quantitatively assessed via methylation-sensitive restriction enzyme digestion, arbitrarily primed PCR and capillary electrophoretic separation of PCR products. Markedly different time-dependent changes in methylation occurred in B6 v.
C57 mice. Following treatment with PB for 2 wk, 58 unique regions of altered
methylation (RAMs), predominantly HypoM, were observed in B6 and this in-
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creased to 83 at 4 wk. B6 and C57 shared only 11 and 13 RAMs where methylation
changes were equivalent at 2 and 4 wk, respectively. Importantly, 10 of the unique
RAMs present in B6 at 2 wk were also seen at 4 wk, indicating that these may be
key RAMs involved in tumor promotion. Comparatively 85% (B6) and 81%
(C57) of the changes in methylation occurring in the liver were dissimilar to kidney. Bisulfite sequencing revealed HypoM of a 5’ promoter region of Ha-ras in B6,
but not C57, mice at 4wk and this correlated with an increase in gene expression.
PB induced numerous time-dependent changes in methylation that were specific to
the liver tumor-prone B6 mouse, including HypoM of Ha-ras associated with increased expression. This supports our hypothesis that non-random, progressive
changes in methylation underlie susceptibility to tumorigenesis.
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MECHANISM OF AFLATOXIN B1-INDUCED HEPATIC
TUMOR PROMOTION BY THE DIETARY
PHYTOCHEMICAL 3,3,’-DIINDOLYLMETHANE: A
TOXICOGENOMIC APPROACH

S. C. Tilton1, 2, J. D. Hendricks1, C. B. Pereira3, G. S. Bailey1, 2 and D. E.
Williams1, 2. 1Environmental and Molecular Toxicology, Oregon State University,
Corvallis, OR, 2Linus Pauling Institute, Oregon State University, Corvallis, OR and
3
Department of Statistics, Oregon State University, Corvallis, OR.
Indole-3-carbinol (I3C) and 3,3’-diindolylmethane (DIM), a primary I3C derivative in vivo, are known chemopreventive agents available as dietary supplements.
However, I3C has also been found to act as a tumor promoter in rat (multi-organ)
and trout (liver) models. I3C and DIM were previously found to be estrogenic in
trout liver based on toxicogenomic profiles. In this study, we demonstrate that
DIM promotes aflatoxin B1 (AFB1)-induced hepatocarcinogenesis in trout similar
to 17β-estradiol (E2). Trout embryos were initiated with 50 ppb AFB1 and then juvenile fish were fed diets containing 120 and 400 ppm DIM or 5 ppm E2 for 18
weeks. Both tumor incidence and multiplicity were elevated in AFB1-initiated
trout fed 400 ppm DIM and 5 ppm E2. To evaluate the mechanism of tumor promotion, hepatic gene expression profiles have been examined in animals on promotional diets during the course of tumorigenesis and in tumors of initiated animals
using a rainbow trout 70-mer oligonucleotide array. We have found that DIM alters
gene expression profiles similar to E2 during tumorigenesis and may promote tumors through pathways involving activation of NFκB. Analysis of hepatocellular
carcinomas (HCC) compared to non-cancerous adjacent tissue revealed gene profiles in tumors that are similar to those previously published in human and rodent
models. Further, HCCs from animals on DIM and E2 promotional diets showed
upregulation of telomerase and down regulation of genes important for invasion or
metastasis compared to HCCs from control animals. Overall, these findings may
lead to better understanding of the mechanism of hepatic tumor modulation by dietary indole phytochemicals. Supported by NIH grants ES07060, ES03850,
ES00210 and NCI program project grant CA90890.
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DOSE-DEPENDENCE OF PROMOTION OF 2-AMINO3,8-DIMETHYLIMIDAZO[4,5-F]QUINOXALINE INDUCED RAT HEPATOCARCINOGENESIS BY
ETHANOL; EVIDENCE FOR A THRESHOLD

M. Kushida1, 2, H. Wanibuchi2, A. Kinoshita2, J. Kang2, R. Puatanachokchai2,
M. Wei2, T. Sukata1, 2, S. Uwagawa1, 2 and S. Fukushima2. 1Environmental Health
Science Laboratory, Sumitomo Chemical Co., LTD., Osaka, Japan and 2Department
of Pathology, Osaka City University Medical School, Osaka, Japan.
Although ethanol is thought to be a tumor-promoter, there are conflicting results
concerning its effects on experimental hepatocarcinogenesis. Furthermore, the relationship between the amount of ethanol consumed and tumor promoting effects
has hitherto not been investigated in detail. In the present study, 21 day old
F344/DuCrj rats were fed 200 ppm 2-amino-3,8-dimethylimidazo[4,5-f]quinoxaline (MeIQx) in diet for 8 weeks and thereafter received ethanol at doses of 0, 0.1,
0.3, 1, 3, 10 and 20 % in drinking water ad libitum for 16 weeks. The incidences
of hepatocellular adenoma and total tumors increased dose-dependently with statistical significance at doses of 10 % and 20 %, compared to the initiated-control
value. Similarly, dose dependence was observed for the incidence of hepatocellular
carcinoma, which was elevated significantly at the dose of 20 %. No alteration in
development of preneoplastic glutathione-S-transferase placental form positive foci
or tumors was observed with 0.1 to 1 %. While cell proliferation was also increased
dose-dependently and CYP2E1 protein induction was recognized in centrilobular
regions without alteration in mRNA levels, no effects were evident on formation of
8-hydroxy-2’-deoxyguanosine, an oxidative DNA damage maker, or lipid peroxidation in any of the initiated groups. The mRNA expression of cyclin D1 was increased dose dependently and correlated with cell proliferation. The results demonstrated that ethanol dose-dependently promotes hepatocarcinogenesis induced by
MeIQx, but with no adverse influence at doses of 1% or less, comparable to sensible drinking levels in humans.
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COMPARISON OF GENE EXPRESSION PROFILES FROM
MICE FED THREE TOXICOLOGICALLY DIFFERENT
TRIAZOLE-BASED CONAZOLES

W. Ward, S. Hester, S. Thai, B. Roop, J. Allen, C. Jones, D. Wolf, S. Nesnow
and D. Delker. Environmental Carcinogenesis Division, USEPA, Research Triangle
Park, NC.
The present study was designed to identify the underlying molecular mechanism
for the induction of mouse liver tumors by conazoles. CD-1 mice were treated with
the tumor producing conazoles, triadimefon (1800, 500, or 100 ppm), or propiconazole (2500, 500, or 100 ppm), or the non-tumorigenic, myclobutanil (2000,
500, 100 ppm) for 4, 30, or 90 days in the feed. Hepatic gene expression changes,
identified using Affymetrix Mouse genome 430 2.0 arrays, were analyzed for patterns associated with potential modes of tumorigenic action. Gene expression measures were obtained from Robust Multiarray Analysis (RMA). Differential expression was assessed using a Cross Gene Error Model and 1 Way ANOVA with a 5%
False Discovery Rate. Fold change was calculated and functional groupings were
made using annotations from KEGG and Mouse Genome Informatics. Notably
arachidonic and sterol metabolizing gene expression were altered by all conazoles.
Liberation of arachidonic acid through cell membrane hydrolysis can generate biologically active lipid mediators that have been associated with enhanced cell proliferation and cancer. In addition, numerous cytochromes had altered expression after
90-days of conazole treatment. Based on a functional categorization of differentially
expressed genes, triadimefon and propiconazole had a much broader effect on liver
cell function than myclobutanil and their expression changes resembled each other
more closely than either resembled myclobutanil. After 90 days at the highest dose,
propiconazole and triadimefon had impacts on gene expression for a number of
biochemical and biological processes that have been associated with tumorigenesis.
Those processes were steroid metabolism, steroidigenesis, anti-apoptosis, energy
metabolism, the actin cytoskeleton, and cell adhesion. Thus genomic analysis can
identify potential carcinogenic-associated, transciptome alterations induced by triazole-based conazoles. [This abstract does not necessarily reflect EPA policy.]
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INDUCTION OF GLUTATHIONE S-TRANSFERASE IN
IGF TYPE I RECEPTOR OVEREXPRESSED HEPATOMA
CELLS

K. Kang1, J. Lee1 and S. Kim2. 1College of Pharmacy, Chosun University, Gwangju,
South Korea and 2College of Pharmacy, Seoul National University, Seoul, South Korea.
Insulin-like Growth Factor type I receptor (IGF-IR) is frequently overexpressed in
human hepatocellular carcinoma cells (HCC) and this overexpression has been correlated with increased tumor growth. The protective response of HCC to reactive
oxygen species (ROS) produced by chemotherapeutic agents is mediated by the induction of phase II detoxifying genes including glutathione S-transferase (GST). To
understand the roles of IGF-IR overexpression in HCC in terms of its detoxifying
effect on ROS and conferred resistance to chemotherapy, we analyzed whether
overexpressions of IGF-IR affect IGF-1-inducible GSTα expression. Levels of
GSTα protein levels were not altered after exposing hepatoma cells to IGF-1. The
inducibility of GSTα by IGF-1 was substantially potentiated in hepatoma cells
overexpressing IGF-IR (IR-HCCs). The cytotoxicity by doxorubicin in IR-HCC
was less than those in GFP-overexpressing HCCs, which was associated with the increased GST induction by IGF-1. IGF-1 increased luciferase reporter gene activity
in IR-HCCs transfected with XRE/ARE-containing a 1.65 kb flanking region of
the GSTA2 gene. Deletion of the XRE site or the overexpression of dominant negative C/EBP mutant abolished the reporter gene activity, and IGF-1 caused the nuclear translocation of C/EBPβ, which might be responsible for the activation of
XRE. In addition, IGF-1 increased the activities of PI3-kinase and ERK in IRHCCs. Moreover, the inhibition of PI3-kinase completely abolished the nuclear
translocation of C/EBP-beta and the GST induction in IR-HCCs treated with
IGF-1. However, treatment of IR-HCCs with specific inhibitors against ERK, JNK
or p38 kinase did not alter IGF-1-inducible GSTα expression.
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COMPARATIVE LIVER EFFECTS OF CYPROCONAZOLE
AND PHENOBARBITAL IN THREE STRAINS OF MICE

R. C. Peffer1, T. Pastoor1, G. Millburn2, J. Wright2, H. Eyton-Jones2, J.
Harris2, J. Kilgour2, F. Waechter3 and J. Moggs2. 1Global Human Safety, Syngenta
Crop Protection, Inc., Greensboro, NC, 2Central Toxicology Laboratory, Syngenta
LTD., Macclesfield, United Kingdom and 3Syngenta AG, Basel, Switzerland.
Cyproconazole (CCZ) is a triazole fungicide that causes liver tumors in mice at
high dose levels. To investigate the mode of action, the response to short-term administration of CCZ or phenobarbital (PB) was studied in young CD-1,
C3H/HeNClrBR, and C57Bl6J mice. Mice received either CCZ (0, 200 or 450
ppm) or PB (850 ppm) in the diet for periods of 2, 7 or 14 days. Satellite animals
were exposed to BrdU by minipump for 3 days prior to sacrifice to assess cell pro-

liferation. After 2, 7 and 14 days, CCZ and PB treatment produced dose-responsive
liver weight increases in all three strains. Histopathology of the liver showed hepatocyte hypertrophy and single-cell necrosis in CCZ and PB-treated mice in all 3
strains, with minor strain differences. Vacuolation of hepatocytes was clearly observed only in CD-1 mice. Vacuolation was observed transiently with PB treatment
(Day 2 > Day 7), whereas it increased over time with CCZ treatment (Day 14 >
Day 7). ORO staining for lipids indicated that control and treated CD-1 mice had
inherently higher lipid levels in the liver than C3H or C57Bl6 mice. Cyp2b isoenzyme activities were induced strongly after PB treatment, whereas CCZ increased
these activities to a moderate extent. It is believed that in CCZ-treated mice,
Cyp2b10 is strongly induced but partially inhibited based on prior studies. PB
treatment produced a large, transient increase in BrdU incorporation after 2 days
treatment in all 3 strains; results after CCZ treatment were variable. Overall, the response of the liver to CCZ was generally similar in 3 different strains of mice, with
the possible exception of hepatocyte vacuolation, and broadly similar to the responses produced by PB treatment.
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THE EFFECTS OF INHALED VAPORS OF
ACRYLONITRILE ON RAT REPRODUCTION OVER
TWO SUCCESSIVE GENERATIONS
M. D. Nemec1, D. T. Kirkpatrick1, J. Sherman1, J. Van Miller2 and D. E.
Strother3. 1WIL Research Laboratories, LLC, Ashland, OH, 2Toxicology/Regulatory
Services, Inc., Charlottesville, VA and 3Innovene, Chicago, IL.
Acrylonitrile (AN) is a chemical intermediate used principally in the production of
acrylic fiber for fabrics, rugged plastics for housings of electronic components and
nitrile rubber for automotive applications. Globally, production volumes exceed 10
million pounds annually; major manufacturing operations are located in the US,
Europe and Asia. Chinese studies of AN workers have reported adverse reproductive and developmental outcomes, although study weaknesses and confounding factors exist. Previous drinking water studies with rats did not suggest major concerns
or adverse reproductive effects, but had limitations. As animal studies remain the
best mechanism when bridging from hazard identification to protecting human
health, an OPPTS 870.3800 two-generation study was conducted. Groups of 25
Sprague-Dawley rats/sex were exposed to vapors at concentrations of 0, 5, 15, 45
and 90 ppm for 6 hours daily for up to 18 weeks in each of two generations (F0/F1)
[90 ppm F1 group was truncated due to irritation and body weight depression].
Whole-body inhalation exposure to AN had no adverse effects on functional reproductive outcome at concentrations up to 90 ppm over one generation and at concentrations up to 45 ppm over two generations. At 90 ppm, premating effects
(deficits in body weight, food intake), effects on the growth curve of the F1 progeny just prior to weaning and increased adult liver weight were observed. Similar
pre-mating differences in body weight were seen in F1 males at 45 ppm. No reproductive target organs were identified. Local, site-of-contact, irritant effects were expressed in the rostral nasal epithelium of AN parental animals. No evidence of cumulative toxicity was manifested across two generations nor was there evidence of
enhanced toxicity in pregnant and lactating dams. The parental systemic NOAEL
was 15 ppm, the reproductive toxicity NOAEL 90 ppm, and the NOAEL for
neonatal toxicity 45 ppm.
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THE HERBICIDE LINURON REDUCES FETAL
TESTOSTERONE PRODUCTION DURING BOTH IN
UTERO AND IN VITRO EXPOSURES
C. Lambright1, J. Furr1, K. Howdeshell2, L. Gray1 and V. Wilson1. 1ORD/RTD,
USEPA, Research Triangle Park, NC and 2USEPA, NCSU Cooperative Training
Agreement, Raleigh, NC.
Previous studies in our lab have shown that in utero exposure to Linuron, a ureabased herbicide, results in malformations of androgen dependent tissues in adult
male offspring. The pattern of malformations, however, differs somewhat from that
typically seen with a pure androgen receptor antagonist. The goal of the present
study was to investigate the impact of linuron treatment administered in utero during the critical period of sex differentiation on testosterone production from the
fetal testis. Timed-pregnant Sprague-Dawley rats were administered either corn oil
vehicle or 12.5, 25, 50 or 75 mg/kg/day linuron by gavage from GD13-18 (n= 4-8
litters per dose group). On GD18, individual testes were removed and incubated to
evaluate ex vivo testosterone (T) production. When analyzed on an individual fetus
basis, ex vivo testosterone production was significantly decreased in a dose dependent manner at all treatment levels. However, on a per litter basis, testosterone was
significantly reduced only at 50 and 75 mg/kg. To determine if linuron could directly inhibit testosterone production in the fetal testes, GD18 untreated fetal testes
were incubated in vitro in medium with increasing concentrations of linuron (1, 3,
10, 30, 100, or 300 microM). In this experiment, testosterone production from
fetal testes was significantly reduced at 30 microM and above indicating that linuron can directly inhibit testosterone production. Additional studies are planned to
evaluate changes in gene expression of enzymes in the androgen synthesis pathway
as well as to evaluate activity of the primary metabolite. Results to date indicate that
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the malformations produced by linuron in male offspring are likely due, at least in
part, to inhibition of fetal testosterone production during the critical period of sex
differentiation during gestation. Disclaimer: Abstract does not necessarily reflect
EPA policy.
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A TWO-GENERATION REPRODUCTION STUDY WITH
PERFLUOROBUTANESULFONATE IN RATS
J. Butenhoff and P. Lieder. 3M Company, St. Paul, MN.
Perfluorobutanesulfonate (PFBS) is a surfactant and degradation product of substances based on perfluorobutanesulfonyl fluoride. A two-generation reproductive
study has been conducted with K+PFBS. Parental-generation (P) rats were dosed
orally by gavage with 0, 30, 100, 300 and 1000 mg K+PFBS/kg/day for 10 weeks
prior to and through mating (males and females), as well as during gestation and
lactation (females only). First generation (F1) pups were dosed similarly, beginning
at weaning. Second generation (F2) pups were not directly dosed, and the study
was terminated three weeks after their birth. Endpoints evaluated included body
weight, feed consumption, clinical signs, estrus cyling, sperm quality, pregnancy,
natural delivery, litter outcomes, and developmental landmarks. The NOEL for
toxicity in the parental generations (P and F1) was 100 mg/kg/day. In males, increased liver weight (absolute or relative) and corresponding increased incidence of
adaptive hepatocellular hypertrophy were observed in the 300 and 1000 mg/kg/day
dose groups. Increased incidence of mild to minimal microscopic findings in the
medulla and papilla of the kidneys were observed in the 300 and 1000 mg/kg/day
dose-group rats. There were no treatment-related effects on fertility or reproduction
among the P or the F1 rats. There were no microscopic changes in male or female
reproductive organs, and no effects on sperm parameters, mating, estrous cycles,
pregnancy, and natural delivery in the P or F1 generations. There were no treatment-related effects on survival of pups. Litter size and average pup body weight
per litter were not statistically significantly different from controls in any dose
group. In the F1 generation, body weight was reduced in males at 1000 mg/kg/day.
Preputial separation was slightly delayed (2 days) at this dose, a finding consistent
with the body-weight reduction. Essentially no effects were observed in the F1 females. F2 pups had normal body weights. The reproductive NOEL was >1000
mg/kg/day in both generations.
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ACRYLONITRILE: EVALUATION OF REPRODUCTIVE
AND DEVELOPMENTAL TOXICITY
B. Neal1, D. E. Strother2, J. J. Collins3 and J. C. Lamb1. 1The Weinberg Group,
Washington, DC, 2Innovene, Chicago, IL and 3The Dow Chemical Company,
Midland, MI.
Reports of adverse reproductive and developmental effects among Chinese acrylonitrile (AN) workers necessitated a weight-of-the-evidence evaluation of the occupational health and toxicological studies of AN, to assess the strength and validity of the database, characterize toxicity and identify no observed adverse effect
levels (NOAELs) for risk assessment. Some Chinese occupational health studies reported increased rates of birth defects, stillbirths, premature delivery, infertility, and
spontaneous abortions; these findings may be artifacts of differential ascertainment,
reporting bias, confounding exposures, or other factors. The human studies are not
sufficiently robust or free of confounders to be an appropriate basis for risk assessment. Animal toxicological data are adequate for reproductive and developmental
hazard characterization, and support the conclusion that developmental or reproductive toxicity would be unlikely to occur from AN exposures in the absence of biologically significant parental toxicity. High maternal exposures resulted in caudate
dysmorphogenesis in several rodent developmental studies, possibly mediated by
the AN metabolite cyanide. The maternal and developmental NOAELs are 10
mg/kg/day and 12 ppm (6 hr/day) for oral and inhalation exposures, respectively.
Drinking water and inhalation reproductive toxicity studies showed no clearly
treatment-related effects on reproductive performance or fertility, but decreased
pup growth was observed at high concentrations. The drinking water NOAEL for
parental, reproductive and pup toxicity is 100 ppm; confidence is moderate due to
study limitations. For inhalation exposure (6/hr/day; 7 days/week), the parental
systemic NOAEL was 15 ppm, the reproductive toxicity NOAEL 90 ppm, and the
NOAEL for pup toxicity 45 ppm; confidence is high. The inhalation reproduction
study provides the most robust data by the most relevant exposure route for occupational risk assessment.
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A TWO-GENERATION REPRODUCTIVE TOXICITY
STUDY OF DAG (DIACYLGLYCEROL) ADMINISTERED
ORALLY BY GAVAGE IN RATS
B. J. Varsho1, J. F. Knapp1, M. D. Nemec1, D. G. Stump1, O. Morita2, Y.
Tamaki2 and H. Suzuki2. 1DART, WIL Research Laboratories, LLC, Ashland, OH
and 2Safety and Environmental Research, Kao Corporation, Haga Tochigi, Japan.
Sprague-Dawley rats (30/sex/group) were administered DAG, in the vehicle, corn
oil, orally at levels of 1160, 2320 and 4630 mg/kg/day for at least 70 consecutive
days prior to mating. Dosage volumes for the corn oil/DAG dosing solutions were
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5.0 mL/kg corn oil/0 mL/kg DAG, 3.75 mL/kg corn oil/1.25 mL/kg DAG, 2.5
mL/kg corn oil/2.5 mL/kg DAG and 0 mL/kg corn oil/5.0 mL/kg DAG for the F0
and F1 generations. DAG is a cooking oil which contains >80% diacylglycerides,
<20% triacylglycerides and <5% monoacylglycerides. A comparison article, TG
(triacylglycerol), which contained >85% triacylglycerides, <10% diacylglycerides
and <5% monoacylglycerides, was administered to 30 rats/sex/group at a dosage
volume of 0 mL/kg corn oil/5.0 mL/kg TG. The test article was administered to the
F1 parental generation following weaning beginning on PND 22. The F0 and F1
males continued to receive DAG through the day prior to euthanasia. The F0 and
F1 females continued to receive DAG throughout mating, gestation and lactation,
and through the day prior to euthanasia. There were no DAG or TG-related deaths.
No adverse effects were observed in the DAG-and TG treated groups on body
weights, body weight gains, food consumption and food efficiency. There were no
effects on reproductive performance (male and female mating, fertility and copulation/conception indices). Mean F0 and F1 gestation lengths, the process of parturition, spermatogenic parameters, organ weights, gross and histopathologic findings,
mean numbers of pups born, implantation sites and unaccounted for sites were not
affected by DAG or TG administration. F1 and F2 pup viability, live litter sizes,
body weights and body weight gains, mean age at acquisition of balanopreputial
separation and vaginal patency, and organ weights were similar to those in the control group. A dose level of 4630 mg/kg/day (5.0 mL/kg DAG) was considered to be
the NOAEL for reproductive and systemic toxicity, and neonatal toxicity.

1237

ATRAZINE DISPOSITION IN PREGNANT AND
LACTATING LONG-EVANS RATS

J. L. Rayner1, 3, E. P. Hines3, R. Barbee3, J. V. Nguyen2, P. Panuwet2, D. B.
Barr2, R. D. Whitehead2 and S. E. Fenton3. 1DESE, UNC-Chapel Hill, Chapel
Hill, NC, 2Division Laboratory Sciences, NCEH, CDC, Atlanta, GA and 3RTD,
NHEERL, ORD, USEPA, Research Triangle Park, NC.
Atrazine (ATR) is a widely used herbicide shown to delay early mammary development in female offspring of gestationally exposed rats. The effects of ATR can be induced by in utero exposure and/or suckling from a dam exposed during late pregnancy, but ATR is reported to have a half-life of less than 1 day in adult
non-pregnant rats. We hypothesized that ATR disposition in the pregnant and lactating rat may differ from that in the adult non-pregnant rat resulting in transference to pups transplacentally and via milk. To test this hypothesis, rat dams
(N=24/group) were gavage dosed on gestation days (GD)13-19 with 100 mg
ATR/kg or GD13-19 with vehicle (control, C). Urine and other body fluids were
collected on GD19, 20, 21, postnatal day (PND)1, 4, and 11. Urine samples from
C and GD13-19 ATR-dosed dams were analyzed by isotope dilution high performance liquid chromatography tandem mass spectrometry for the presence of hydroxyl-, dealkyl- and mercapturate ATR metabolites. ATR metabolites were detected at levels substantially above the limits of detection from GD20 until at least
5 days later, PND 4. The highest total urinary levels of metabolites were found 1-4
days post dosing, which differs from results in non-pregnant/lactating rats. The
percent recovered ATR metabolites in urine throughout the course of study were
89-99% diaminochlorotriazine and 4-0.4%, 4-0.8%, 13-0.07%, and 0.7-0.002%
of desisopropyl ATR, desethyl ATR, hydroxy ATR, and ATR mercapturate, respectively. The parent compound, ATR, was detected in trace amounts. These results
suggest that even though exposure to the pregnant dam ended on GD19, ATR
metabolites may be available to the developing offspring until at least PND4 when
abnormal mammary gland development has been detected in female pups. Studies
evaluating ATR metabolite levels in milk from these animals are warranted. (This
abstract does not necessarily reflect EPA policy; Supported by NHEERL-DESE,
EPA CT826513)
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GENE EXPRESSION PROFILING SUGGESTS A
CONSERVED INITIAL MECHANISM FOR FETAL AND
PUBERTAL PHTHALATE TESTICULAR INJURY

K. Johnson, D. Wallace and S. Lahousse. CIIT Centers for Health Research,
Research Triangle Park, NC. Sponsor: K. Gaido.
In rodent models, phthalate exposure alters both the fetal and pubertal testis, but
the resulting histopathological changes are divergent. This suggests that the underlying molecular and cellular phthalate mechanism may be age-dependent. Using
genome-wide expression profiling of acutely-exposed rats, the initial molecular response in pubertal rat testis following in vivo phthalate exposure was determined
and compared to similar published data from fetal rat testis. For these studies, postnatal day 28 rats were exposed to a single dose of mono-(2-ethyl)hexyl phthalate at
levels ranging from 1 g/kg to 10 mg/kg and gene expression analyzed using wholegenome Affymetrix microarrays and Taqman qPCR. In the pubertal model, gene
expression alterations began 1 hour following high dose exposure. At later timepoints, waves of additional genes showing altered expression were observed. Within
6 hours, 92 genes were significantly changed. In general, lower doses pared the list

of genes showing significant changes and extended the response timing. An ontology analysis showed that the majority of the affected genes code for proteins involved in either intracellular signaling or gene transcription. When the gene lists
between fetal and pubertal exposures were compared, it was apparent that the genes
altered early after pubertal exposure were more likely to be changed after fetal exposure; this was true as well for the reciprocal comparison. In nearly every instance,
the direction of expression changes (increased or decreased) was preserved. Despite
the differences in testicular histopathology following fetal and pubertal phthalate
exposure, the similarity of gene expression changes suggests that the initial testicular phthalate molecular target is conserved in both models.
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AN INHALATION F1 GENERATION REPRODUCTIVE
TOXICITY STUDY OF
OCTAMETHYLCYCLOTETRASILOXANE (D4) IN
FEMALE RATS

W. H. SIDDIQUI1, D. G. Stump2, J. F. Holson2, D. T. Kirkpatrick2 and K. P.
Plotzke1. 1Health and Environmental Sciences, Dow Corning Corporation, Midland,
MI and 2Developmental and Reproductive Toxicology, WIL Research Laboratories,
LLC, Ashland, OH.
In a previous two-generation reproductive toxicity whole-body inhalation study of
D4, reduced fertility was observed for F1 females exposed at 700 ppm. Mating of
the F1 males to naïve females showed no fertility effects in the males. To gain mode
of action insights on this reproductive toxicity, F1 females were exposed to 700
ppm of D4 during different developmental windows. Whole-body exposures were
for 6 hours/day, 7 days/week according to the following regimen. One group of F1
females (700/700-D22) was indirectly exposed (as a result of maternal exposure) to
D4 in utero and through nursing and directly exposed beginning on PND 22. A
second group (700/700-D44) was indirectly exposed to D4 in utero and through
nursing and directly exposed beginning on PND 44. A third group (700/0) was indirectly exposed to D4 in utero and through nursing but was not directly exposed
to D4 following weaning. A fourth group (0/700) was not directly exposed prior to
weaning but was directly exposed beginning on PND 22. F1 female exposure to
700 ppm D4 clearly produced reproductive toxicity (decreased live litter size).
However, initiating direct exposure at 6 weeks of age instead of 3 weeks of age resulted in slightly less toxicity as demonstrated by fertility rates in the 700/700-D44
group that were similar to the control group while the rates in the 700/700-D22
and 0/700 groups were slightly lower (but not statistically significant) than the control group. Additionally, indirect only exposure to D4 (700/0 group) did not result
in adverse reproductive outcome. The live litter size of F1 females was reduced in
the absence of indirect exposure prior to weaning (0/700 group) to virtually the
same extent as when indirect exposure prior to weaning and direct exposure immediately following weaning occurred (700/700-D22 group). Therefore, indirect exposure to D4 prior to weaning is not required to produce an adverse female reproductive outcome.
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28-DAY GAVAGE AND
REPRODUCTIVE/DEVELOPMENTAL SCREENING
TOXICITY STUDIES OF
DODECAMETHYLCYCLOHEXASILOXANE (D6) IN
SPRAGUE-DAWLEY RATS

B. Carlton1, W. H. SIDDIQUI2, L. Meeker2, J. Crissman2, J. Knochel2, S.
Crofoot2 and K. Plotzke2. 1Toxicology, Rhodia Inc., Raleigh, NC and 2Health and
Environmental Sciences, Dow Corning Corporation, Midland, MI.
Dodecamethylcyclohexasiloxane (D6) is a colorless silicone liquid used in consumer products and as a chemical intermediate. The potential toxicity of D6, a
High Production Volume chemical (HPV), was evaluated in a combined repeated
dose toxicity study with a reproductive/developmental toxicity screening test. The
study design utilized an enhanced version of the protocol in accordance with the
OECD and EPA test guidelines Nos. 422/426 and 870.3650, respectively.
Developmental neurotoxicity endpoints including Functional Observational
Battery (FOB) and Motor Activity were performed on male and female rats. The
test substance was administered seven days a week by gavage to 10 rats/sex/group at
0, 100, 330, and 1000 mg/kg/day at a 3 ml/kg dose volume. All animals survived to
the scheduled necropsy. There were no clinical signs or effects on body weights and
food consumption among the groups. No treatment-related changes were observed
in any FOB or motor activity parameters. There were no significant alterations in
hematology, or serum chemistry. Changes in liver weight and liver-to-body weight
ratios were reported in high dose animals. Histopathologic examination of control
and high dose animals demonstrated microscopic findings in liver (fatty change in
females only), lung, and thyroid. An increase in the number of sperm-positive,
non-gravid females was reported for the high dose group. No other effects were observed in any of the reproductive or developmental parameters evaluated.
(Supported by the Silicones Environmental, Health and Safety Council).
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THE REPRODUCTIVE TOXICITY OF SODIUM
TUNGSTATE IN THE SPRAGUE-DAWLEY RAT

E. W. Johnson, H. J. Boeckman, D. P. Arfsten, B. L. Steele, M. J. Thompson, K.
W. Reilly, S. L. Prues, M. R. Varney, J. R. Cunningham, A. M. Lear, M. Giesige,
D. Thompson, T. L. Naylor and E. R. Wilfong. Naval Health Research Center
Detachment Environmental Health Effects Laboratory, Wright-Patterson AFB, OH.
Tungsten and tungsten alloys have replaced lead and depleted uranium in certain
military munitions in response to rising environmental and health concerns. Recent
reports suggest that under certain conditions tungsten may solublize. Since soluble
tungsten may potentially enter the groundwater, the reproductive toxicity of orally
administered tungsten was investigated. Female and male Sprague-Dawley rats were
orally dosed with 250 mg/kg/day, 125 mg/kg/day or 5 mg/kg/day of sodium
tungstate or dH2O (n=40/sex/group) for 70 consecutive days. The rats were mated
after 14 days and dosing continued through pregnancy up to post-natal day (PND)
21. The gestational effects of oral sodium tungstate as well as early growth and development of the offspring were measured. Sodium tungstate exposure (250
mg/kg/day) had a significant effect on gestational weight gain (100.9+ 5.4 g) and
length (22.9+0.1 days) compared to controls (120.8+4.2 g and 21.7+0.2 days, respectively), but no effect on the litter size was observed. On PND 20, the weights
of the male (47.3+1.9 g) and female (46.3+1.6 g) sodium tungstate offspring were
significantly decreased compared to controls (55.0+1.3 g and 51.7+1.3 g, respectively). The weights remained significantly lower at PND 70 (374.4+11.1 g males
and 223.7+4.8 g females) relative to the control animals (437.0+11.5 g and
240.0+5.1g, respectively). The serum chemistry and histopathological analysis of
the major organs is ongoing. These results suggest that soluble tungsten and tungsten-based munitions may cause reproductive toxicity following oral exposure.
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TWO-GENERATION STUDY OF DIETARY 17βESTRADIOL (E2) IN CD-1® SWISS MICE

R. W. Tyl1, C. B. Myers1, M. C. Marr1, C. S. Sloan1, N. P. Castillo1, M. M.
Veselica1, J. C. Seely2, S. S. Dimond3, J. P. Van Miller4, G. D. Stropp5 and J. M.
Waechter6. 1RTI International, Research Triangle Park, NC, 2EPL, Inc., Research
Triangle Park, NC, 3GE Advanced Materials, Plastics, Pittsfield, MA,
4
Toxicology/Regulatory Services, Charlottesville, VA, 5Bayer HealthCare AG,
Wuppertal, Germany and 6Dow Chemical Co., Midland, MI.
No information exists on reproductive effects in mice exposed to dietary E2 over
multiple generations. Therefore, under an enhanced OECD Test Guideline 416,
the potential for dietary E2 to produce alterations in parental fertility, maternal
pregnancy and lactation, and growth and development of the offspring over 2 generations was evaluated. The F0 generation (25 mice/sex/group) was fed dietary E2
at 0, 0.001, 0.005, 0.05, 0.15, or 0.5 ppm (E2 intakes of ~0, 0.2, 1, 10, 30, or 100
µg/kg bw/day) for 8 weeks (w) prebreed, 2w mating, ~3w gestation, 3w lactation.
At weaning (pnd 21), selected F1 offspring were similarly exposed, with termination at F2 weaning. F1/F2 weanlings were necropsied, with organ weights (wt)
recorded. Body wt, feed consumption, clinical observations, F0/F1 estrous cyclicity
(EC), F1/F2 anogenital distance (AGD), and acquisition of F1 puberty (vaginal patency [VP] and preputial separation [PPS]) were recorded. Organ wt, histopathology (H), and andrology (A) were recorded for F0/F1 parents. At 0.5 ppm, main effects were reduced F1 gestational index, reduced F1/F2 litter sizes, accelerated VP
and delayed PPS, increased uterus cervix vagina (UCV) wt in F0/F1 adults and
F1/F2 weanlings, and decreased testes and epididymides (TE) wt in F1/F2 weanlings, with no effects on prostate wt, AGD, EC, A, H, or ovarian primordial follicle
counts. At 0.15 ppm, effects were increased UCV wt in F0/F1 adults and F1/F2
weanlings, accelerated VP and delayed PPS, and reduced TE wt in F1/F2 weanlings, with no other effects. At 0.05 ppm (the LOAEL) only UCV wt was increased
in F1/F2 weanlings. The NOAEL was 0.005 ppm E2 (~1 µg/kg/day). This work
was supported by the American Plastics Council, Arlington, VA.
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SEX RATIO OF THE OFFSPRING OF SPRAGUE-DAWLEY
RATS EXPOSED TO TCDD IN UTERO AND
LACTATIONALLY IN A THREE-GENERATION STUDY

J. Rowlands1, R. A. Budinsky1, L. L. Aylward2 and E. W. Carney1. 1The Dow
Chemical Company, Midland, MI and 2Exponent, Inc., Alexandria, VA.
High level 2,3,7,8-TCDD (TCDD) exposure in pre- and peri-pubertal human
males at Seveso, Italy (Mocarelli et al. 1996; 2001), and post-pubertal males at Ufa,
Russia (Ryan et al. 2002) was reported to decrease the number of male offspring (altered sex ratio) fathered by these males. However, the effects are inconsistent as evidence from other epidemiological studies where sexually mature post-pubertal
males were exposed to high levels of TCDD found no differences in the sex ratios of
the offspring (Moshammer and Neuberger 2000; Rogan et al. 1999; Schnorr et al.
2001). A recently published study in rats reported a sex ratio (male:female) decline
in the f2 generation (but not the f1) among a group of nine rats exposed in-utero
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and lactationally to TCDD (Ikeda et al., 2005); whereas an earlier study (n=17-18
litters/group) reported no evidence that the sex ratio deviates from control findings
in the f1 generation (Faqi et al. 1998). A comprehensive three-generation feeding
study of TCDD published in 1979 utilized a much larger sample size (20-32 mated
females/group/generation), but did not include sex ratio data for the offspring in
the original publication (Murray et al., 1979). In the latter study, Sprague-Dawley
rats were administered TCDD in feed at concentrations targeted to doses of 0.001,
0.01, and 0.1 ug/kg-d. The archived Murray et al. data were re-examined and the
sex ratios were determined in all three generations of offspring. A binomial proportions test for nominal expected 1:1 ratios revealed no statistically significant treatment-related changes in PND1 sex ratio in any generation of treated animals.
Overall, the rat sex ratio findings following in-utero and lactational exposure appear
conflicting and may be due to strain differences, dose regimen differences, or perhaps chance findings related to the binomial nature of male versus female births as
a function of the number of births recorded. The overall findings in rat studies do
not provide consistent support for TCDD-induced changes in sex ratios.
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TWO-GENERATION REPRODUCTIVE TOXICITY
STUDY OF RESORCINOL IN RATS

F. Welsch1, M. D. Nemec2 and W. B. Lawrence2. 1Orbitox, Santa Fe, NM and
2
WIL Research Laboratories, LLC, Ashland, OH.
This study assessed potential adverse effects of resorcinol (R) on reproduction test
guideline criteria (OECD 416; US-EPA OPPTS 870.3800) with expanded thyroid
gland (TG) end points (stimulating hormone [TSH]; T3; T4; TG conventional
histopathology [HP] and quantitative stereomicroscopy of follicular colloid
[SMC]) determined at termination of either the F0 or F1 generation. Rats
(Sprague-Dawley; SD) of both generations ingested R via drinking water at 0, 120,
360, 1000 and 3000 mg/L (palatability limit). No R intake related clinical and
macroscopic findings were noted in either F0 or F1 parents or offspring, including
pituitary/thyroid hormones mediated effects. Mean cumulative body weight gains
were reduced in 3000 mg/L F0 and F1 animals (pre-mating females) or throughout
(males) without any apparent sequelae on reproductive parameters. Water intake
was lower in the 3000 mg/L groups (F0, F1 parents and F1 offspring) and often,
with more transient and later onset, in 1000 mg/L rats. However, food intake and
utilization were unaffected. No significant changes of TSH, T3 or T4 occurred either among 3000 mg/L exposed F0 and F1 parents or F1 and F2 offspring.
Decreased TG colloid content was much more pronounced in 3000 mg/L F0 male
parents (both with HP and SMC) than in F0 females (detectable only by HP).
Colloid depletion was marginal in F1 male parents (only by HP) and not detectable
in F1 females compared to concurrent controls. Therefore, the 3000 mg/L continuous R exposure is considered a NOAEL. Average daily intake (mg/kg) was 233 in
F0 and F1 males, while in females it was 304 (premating/ gestation) and 660 (lactation). It is conceivable that the highest R intake caused an adaptive TG response
to a new homeostatic level with no adverse physiological consequences in either
males (more susceptible) or females. The 1000 mg/L continuous R intake by F1
parents revealed a NOEL in SD rats of either sex using both HP and SMC. Thus,
R intake at maximum palatability via a route and mode relevant to human exposures caused no detectable adverse effects on any reproduction or TG end points.
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MULTIGENERATIONAL REPRODUCTIVE ASSESSMENT
OF AZT/3TC ADMINISTERED TO CD-1® MICE BY
GAVAGE

B. Muir1, J. Bishop2, L. Murphy1, S. Pepperl1 and G. Wolfe1. 1Gene Logic,
Gaithersburg, MD and 2NTP, NIEHS, Research Triangle Park, NC.
Objective was to examine neonatal effects of AZT (3’-Azido-3’-deoxythymidine)
and 3TC (Lamivudine), administered orally in combination to CD-1® mice. F0
adults were exposed and bred to produce F1a, F1b and F1c pups. Doses were 0/0,
50/25, 100/50 and 125/62.5 mg/kg/day AZT/3TC, administered twice daily in
equally divided doses. F1a animals were raised and bred continuously to produce
F2a, F2b, and F2c pups. F0 males were mated with naïve females for dominant
lethal assessment (DLA). Female body weights decreased at all dose levels in both
generations. For F1 litters, male, female and total pups decreased at 100/50
mg/kg/day and higher. Pregnancy index (F1b and F1c) decreased at 125/62.5
mg/kg/day. Gestation length increased in F1c. For F1c and overall, sex ratio was altered. For combined F2 litters, live male pups decreased at 100/50 mg/kg/day and
higher, and female and total pups decreased at all dose levels. Gestation length increased at all dose levels (F2b) and at 100/50 mg/kg/day and higher (F2c). At
125/62.5 mg/kg/day pregnancy index decreased (F2c) and average number of litters per pair decreased. F1 and F2 pup weights decreased. DLA revealed a trend to
pre-implantation losses. Testis descent was delayed in 125/62.5 mg/kg/day male
pups; other developmental parameters were not affected. Vaginal cytology results
were comparable among all groups, while sperm parameters exhibited treatment-related findings at all dose levels. Clinical pathology findings included decreased red
blood cells, increased mean corpuscular volume, and mean corpuscular hemoglobin
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concentration suggesting a regenerative anemia. No adverse findings were noted in
gross or histopathology but numerous changes were noted in absolute and relative
organ weights. In this study, the combination of AZT and 3TC was a reproductive,
general, and developmental toxicant at all dose levels, evidenced by decreased pregnancy index in high-dose F0 females, decreased live pups per litter at all doses in F0
and F1 females, anemia at all dose levels in F0 and F1 animals, and sperm effects at
all dose levels in F0 and F1 males.
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TOXICOLOGICAL ANALYSES OF MISSISSIPPI COASTAL
WATER AND SEDIMENT SAMPLES FOLLOWING
HURRICANE KATRINA
K. Argote1, A. Chaudhary1, J. Weston1, S. Khan2 and K. L. Willett1.
1
Pharmacology and Environmental Toxicology, University of Mississippi, University,
MS and 2Natural Product Center, University of Mississippi, University, MS.
The goal of our on-going study is to assess the toxicological impact following the
storm surge caused by Hurricane Katrina which hit the Mississippi Gulf Coast on
August 29, 2005. Following landfall, a monthly sampling program was outlined
and the first samples were collected on September 13th. Water, suspended particle,
and sediment samples were collected from Mobile Bay, AL, Grand Bay, Pascagoula,
Ocean Springs, and Gulfport, MS. Two L water samples were filtered and extracted
for analyses of estrogenic potential in the yeast estrogen screen (YES Assay) and for
CYP1A induction potential in the H4IIE rat hepatoma assay. Results from the initial sampling suggested that the majority of the samples were toxic to the yeast at
the higher concentrations, with the most toxicity in the Gulfport Marina sample.
Marine samples that we have analyzed previously from the Florida Keys, Saipan and
Guam were not toxic to the yeast. The estrogen equivalents for the water samples
ranged from non-detectable at the Pascagoula Boat Ramp to 860 pg/L at a Grand
Bay site. The estrogen equivalents of the suspended particles were non-detectable to
40 pg/L. Results from the water and sediment bioassays and chemical analyses will
be compared to NOAA’s pre-Katrina data, as available, and recovery will be tracked
with subsequent monthly sampling.
Supported by NOAA/NIUST
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FACTORS AFFECTING ACCURACY IN EXPOSURE
ESTIMATIONS FROM BISPHENOL A (BPA)
BIOMONITORING STUDIES
J. M. Waechter, Jr.1, D. A. Markham1, D. Beyer2 and R. N. Shiotsuka3.
1
Toxicology and Environmental Research and Consulting, The Dow Chemical
Company, Midland, MI, 2Bayer HealthCare AG, Wuppertal, Germany and 3Bayer
CropScience, Stilwell, KS.
BPA, used for the production of polycarbonate and epoxy resins, has weak estrogen-like activity, but its metabolites, BPA-glucuronide (BPA-G) and BPA-sulfate
(BPA-SO4), are not estrogenic. Biomonitoring for BPA in human specimens has
typically focused on the measurement of BPA without analysis of BPA-G & BPASO4, often with deliberate hydrolysis of these conjugates. Determining BPA posthydrolysis implies a greater systemic bioavailability of free BPA than actual since
presystemic elimination of BPA in humans by first-pass metabolism is virtually
complete. As BPA is excreted via the urine in humans, biomonitoring studies are
most appropriately conducted by analysis of urine. Estimates of exposure to total
BPA derived from two studies with 24 hr urine collection were 0.020 & 0.024
µg/kg/day. Estimates from spot urine specimens (16 studies) show a mean or median human daily intake of BPA from 0.008–0.1 µg BPA/kg/day. For comparison,
(Tyl et al., 2002) reported a NOEL for reproductive effects in rats of 50 mg/kg/day.
The 24 hour samples provide the most reliable data on BPA exposure because of the
short half-life in humans and because no correction is required for urine volume.
Studies measuring BPA in serum or tissues have not usually documented the stability of BPA conjugates under the conditions of analysis. Our data show the potential
hydrolysis of BPA-G to release free BPA in mammalian tissues and fluids under certain analytical conditions and indicate that if unaccounted for, hydrolysis of conjugates is a likely source of error in BPA biomonitoring. As most analytical methods
do not document stability of conjugates in the matrix of interest, it is difficult to
judge if free-BPA, total-BPA or a fraction of partially hydrolyzed BPA was measured in these studies. Caution is also needed in interpreting BPA values measured
by ELISA, because of crossreactivity to BPA-G and BPA-SO4 and a lack of specificity of the antibodies to BPA.
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BIOMONITORING IMPLICATIONS OF CHLORPYRIFOS
(CPF) BLOOD PARTITIONING DURING GESTATION
AND LACTATION
M. S. Marty1, D. L. Rick1, J. M. Grundy1, M. J. Bartels1 and J. L. Mattsson2.
1
Toxicology & Environmental Research, The Dow Chemical Company, Midland, MI
and 2Dow AgroSciences LLC, Indianapolis, IN.
CPF has been measured in blood plasma of pregnant women at low pg/g levels
(Whyatt et al., 2004). CPF is lipophilic, and blood lipids change during pregnancy.
To interpret the exposure implications of these measurements, it is necessary to bet-

ter understand the partitioning of CPF in blood and its fractions. Blood was collected from CD rats (nonpregnant, GD 10, 15, 18, 20, and lactation day [LD] 1,
5; n=3/time point). Pooled fetal and pup bloods were collected on GD 18, 20, LD
1 and 5. Blood samples were fortified with 3 or 100 ng/ml 3H-CPF, mixed, and
centrifuged. Radiolabel partitioning was determined by liquid scintillation spectroscopy using fractions of: 1) red blood cells (RBCs) vs. plasma and 2) low-density
vs. high-density components of plasma. The amount of CPF in plasma increased
about 2.5X during pregnancy, and the amount of CPF in plasma lipids increased
about 3X. Plasma CPF was found predominantly in the low-density lipid fraction.
Similar to dams, CPF in fetal blood was mostly in the plasma fraction (2X), but
contrary to dams, was mostly in the high-density fraction. The amount of CPF in
the plasma fraction of pups increased after birth, but the CPF was now found
mostly in the low-density fraction. Conclusion: Interpretation of exposure and biologic implications of blood levels of lipophilic chemicals is not straight forward because the lipophilic chemical is a marker of both exposure and lipid profile. A careful consideration of the biologic context of the measurement is necessary.
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PYRETHROID EXPOSURE IN THE INDOOR
ENVIRONMENT FOLLOWING USE OF
CYPERMETHRIN FOGGERS

J. J. Keenan1, R. S. Gold2, G. Leng3, X. Zhang1 and R. I. Krieger1. 1Entomology,
University of California, Riverside, CA, 2Brigham Young University-Hawaii, Laie,
HI and 3Bayer Industry Services, Leverkusen, Germany.
Pyrethroids are low to moderately toxic insecticides used worldwide in home and
agricultural pest management. Ten families from 5 different states were recruited
that planned on using pesticides, in the form of pyrethroid foggers, to deal with an
indoor insect problem. Pyrethroids are used in this study as models for semi-volatile
chemical exposure because of their availability to the general public, low to moderate toxicity in mammals, and ease of biomonitoring. Trace, parts per billion,
metabolite levels were measured in almost all samples taken. This study involved
use of a commercially available indoor fogger (Raid Deep Reach Fogger) with 1.7
% cypermethrin as the active ingredient. Families included a total of 85 subjects, of
which 47 were considered children (<18 years old), the youngest of which was 3
years old at the study time. These families were biomonitored for 8 days by either
24-hour, am/pm, or am sampling strategies. Fogging was performed on day 1.5
which allowed, depending on the sampling strategy employed, at least 2 samples
that could be used to determine background levels, and at least 6 samples post-application. Total µg/kg pyrethroid equivalents were 11, 3.4, and 2.3 for age groups
0-11, 12-17, 18-65 years old, respectively. Exposure peaked on day 4 for both
adults and children, reaching levels of 2.2, 0.8, and 0.6 µg/kg pyrethroid equivalents for age groups 0-11, 12-17, 18-65 years old, respectively. Exposure above
background persisted for at least 6 days and environmental data suggests cypermethrin remains available for transfer and absorption for at least 14 days post-application. These exposures are below known LOAELS and regulatory NOAELs for
cypermethrin.
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MEASUREMENT OF EXPOSURE TO COMPLEX
MIXTURES OF POLYCYCLIC AROMATIC
HYDROCARBONS IN HUMAN POPULATIONS

R. A. Lingenfelter1, L. Cizmas1, Z. S. Naufel1, C. Naspinski1, L. He1, G.
Zhou1, T. McDonald1, G. Denoux1, R. Autenrieth1, A. Mekhtiev2, A.
Islamzadeh3 and K. C. Donnelly1. 1Texas A&M University, College Station, TX,
2
Institute of Physiology n.a. A.I. Karaev, Baku, Azerbaijan and 3Sumgayit Centre for
Environmental Rehabilitation, Sumgayit, Azerbaijan.
Polycyclic aromatic hydrocarbons (PAH) are released from the incomplete combustion of organic materials such as gas, oil, and wood. PAH contamination occurs as
complex mixtures that often contain over one hundred chemicals. Humans may be
exposed to polycyclic aromatic hydrocarbons (PAHs) in the environment from
many sources, including tobacco smoke, diet, and industrial processes. Animal
studies have clearly linked exposure to PAHs with a variety of cancers. Human populations may also be at increased risk of cancer if the dose and duration of exposure
are adequate. However, there is limited information regarding the absorption and
distribution of PAHs from non-occupational exposures. Biomarkers have been
measured in plasma and urine from three generations in a total of 70 families (37
urban, 33 rural) from the country of Azerbaijan. Measurements collected from
these populations include the concentration of PAHs in plasma, PAH-DNA
adducts in peripheral lymphocytes, and 1-hydroxypyrene in urine. The median
serum concentration for total PAHs in the urban population was 148 ng/mL, while
a median level of 67 ng/mL total PAHs were detected in the rural population. Total
DNA adduct levels were significantly higher in the urban population than in the
rural population. Analyses of urine samples from urban and rural populations indicate that 1-hydroxypyrene concentrations are highly variable. Cotinine levels are

also being measured to account for PAHs from tobacco smoke exposure. Overall,
the results indicate there is a correlation between PAHs in environmental samples
and PAH adducts in an exposed population.
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ESTIMATION OF GENOTOXIC EXPOSURES IN
CHILDREN WITH NEURAL TUBE DEFECTS IN
SHANXI, CHINA

Z. S. Naufal1, R. H. Finnell1, G. Zhou1, T. J. McDonald1, Z. Li2, Z. Li2, L.
Pei2 and K. C. Donnelly1. 1Texas A&M University, College Station, TX and
2
Institute of Reproductive and Child Health, Beijing, China.
Maternal exposure to genotoxic chemicals may produce a variety of adverse birth
outcomes. Depending on the dose and duration of exposure, adverse birth outcomes can range from premature or low-birth weight, to congenital abnormalities
including neural tube defects (NTDs). This abstract reports on a study being conducted in the province of Shanxi, China. Shanxi Province has one of the highest
rates of birth defects in the world. In 2003, the frequency of NTDs in Shanxi was
139 per 100,000 live births. While a portion of these birth defects are likely to be
related to nutrition, it is also likely that environmental factors play a significant
role. This on-going genotoxicity study is collecting data to measure concentrations
of polycyclic aromatic hydrocarbons (PAHs) in house dust. Levels of PAHs in
plasma and DNA adducts in placenta have also been quantified. Carcinogenic PAH
levels in dust collected from kitchen floors ranged from 5,000 to 56,000 ng/m2.
Placenta tissue from children born with NTDs were found to have significantly
higher levels of the less polar bulky DNA adducts when compared to matched controls (3.4 ± 1.3 per 109 nucleotides in case subjects, and 1.1 ± 0.8 per 109 nucleotides in control subjects). The less polar DNA adducts appear to be induced by
carcinogenic PAHs. These compounds have been detected in house dust as well as
in plasma samples from children’s parents. In vitro and in vivo studies indicate that
DNA adducts are correlated with PAH concentrations in dust. The data suggest
that children born with NTDs may be at increased risk due to exposure to genotoxic PAHs.
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EXPOSURE AND GENOTOXIC EFFECTS IN MASTIC
ASPHALT WORKERS EXPOSED TO FUMES AND
AEROSOLS OF BITUMEN

B. Marczynski1, M. Raulf-Heimsoth1, R. Preuss2, M. Kappler1, H. Kaefferlein1,
K. Schott3, B. Pesch1, G. Zoubek3, J. Hahn4, T. Mensing1, J. Angerer2 and T.
Bruening1. 1BGFA, Ruhr University of Bochum, Bochum, Germany, 2IPASUM,
University of Erlangen, Erlangen, Germany, 3Bau-BG, Muenchen/Neuwied,
Germany and 4BGIA, Sankt Augustin, Germany.
1-hydroxypyrene (1-OHP) in urine as well as 8-oxo-7,8-dihydro-2’-deoxyguanosine (8-oxodGuo) and the formation of DNA strand breaks and alkali-labile sites in
white blood cells were determined before and after shift in 66 mastic asphalt workers exposed to fumes and aerosols of bitumen. In addition, personal exposure measurements were carried out in order to assess external exposure to fumes and aerosols
of bitumen. Identical analyses were carried out in 49 construction workers without
exposure to bitumen but similar working tasks. Concentration of fumes and
aerosols of bitumen in air correlated significantly with the concentrations of 1OHP (r = 0.27; P = 0.03). Increased DNA strand breaks were observed in mastic
asphalt workers compared to the reference group at both time points (P < 0.0001).
DNA strand breaks were also highly associated with 1-OHP in post-shift urine
samples (r = 0.32; P = 0.001). Age, smoking and nationality had no significant influence on DNA strand breaks. 8-oxodGuo adduct levels did not show any association with DNA strand breaks. Furthermore, 8-oxodGuo levels were associated neither with personal exposure to fumes and aerosols of bitumen nor with 1-OHP in
urine. However, significantly more 8-oxodGuo was observed after shift in both, bitumen-exposed workers and the reference group. Only low-exposed workers (<10
mg/m3) had significantly elevated 8-oxodGuo adduct levels before (P = 0.0002) as
well as after shift (P = 0.02, respectively). Our results demonstrate that exposure to
fumes and aerosols of bitumen may contribute to an increased number of DNA
strand breaks. However, DNA strand breaks in white blood cells of workers are associated to other factors rather than oxidative DNA damage. In the study presented
here 8-oxodGuo seems to be a biomarker of general “stress” (e.g., heavy work load)
rather than a biomarker of effect due to exposure to bitumen.

1253

HIGH BACKGROUND LEVELS OF URINARY BENZENE
METABOLITES FOUND IN VOLUNTEER STUDY

S. H. Gaffney and D. J. Paustenbach. ChemRisk, Inc., San Francisco, CA.
Both OSHA and the ACGIH have established levels of urinary metabolites above
which there is concern about overexposure to benzene. The OSHA benzene standard states that if a worker is exposed to benzene in an emergency situation and
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his/her end-of-shift urine contains phenol levels greater than 75 mg/L adjusted for
specific gravity, further medical evaluation is required. ACGIH has published biological exposure indices (BEIs) for benzene exposure of 500 µg t,t-muconic acid
(ttMA)/g creatinine and 25 µg s-phenylmercapturic acid/g creatinine. However,
much of the published literature questions whether or not these urinary metabolites
are useful indicators of exposure for persons exposed to a time weighted average
(TWA) of less than 5 ppm benzene in an 8-hr workday. A voluntary study was conducted where a worker was exposed to low levels of benzene, toluene, and xylene for
four days. The 8-hr TWA benzene exposure each day was less than 1 ppm. Twentynine urine samples were collected during the four days of the study and thirty background urine samples were also collected. Approximately 7% of the background
samples had levels of phenol over 75 mg/L and 30% had levels of ttMA over the
BEI. Statistically, phenol corrected for specific gravity was significantly greater in
the urine samples collected during the exposure period than in the urine collected
during the background period (p=0.003). However, the levels of uncorrected phenol, phenol corrected for creatinine, uncorrected ttMA, and ttMA corrected for
creatinine were not statistically different from background concentrations for this
volunteer (p=0.31, 0.79, 0.21, 0.21, respectively). Total daily excretions of phenol
and ttMA were also compared. These results support the current literature that spot
urine samples are not good indicators of exposure when 8-hr TWA exposures do
not exceed 1 ppm. Furthermore, background urine samples are essential in any biomonitoring situation as there may be great inter-individual differences in background levels of urinary metabolites that ordinarily are associated with chemical
overexposure.

1254

EVALUATION OF PCDD/F AND DIOXIN-LIKE PCB
SERUM CONCENTRATION DATA FROM THE 2001-2002
NATIONAL HEALTH AND NUTRITION EXAMINATION
SURVEY IN THE UNITED STATES

M. A. Harris1, L. Ferriby1, J. Knutsen2, P. Nony3, K. Unice4, D. Paustenbach5
and P. Scott4. 1ChemRisk, Inc., Houston, TX, 2ChemRisk, Boulder, Co., 3Center for
Toxicology and Environmental Health, Little Rock, AR, 4ChemRisk, Pittsburgh, PA
and 5ChemRisk, San Francisco, CA.
We analyzed the weighted 2001-2002 NHANES data to assess potential differences
in mean total TCDD TEQ of various groups of individuals and to determine serum
reference concentrations for polychlorinated dibenzo-p-dioxins, dibenzofurans
(PCDD/Fs) and dioxin-like polychlorinated biphenyls (PCBs) in the general U.S.
population. Significant differences (p<0.05) in the total TCDD TEQ existed between female smokers and non-smokers and between non-Hispanic groups and all
other races. Significant differences were also observed among the four age groups
evaluated with an increasing trend in mean total TCDD TEQ with increasing age.
Both age and gender appeared to confound the association between smoking status
and total TCDD TEQ, dictating the need for further analysis. As anticipated, the
mean total TCDD TEQ reported for each sample set increased as the number of
congeners in each set increased such that TEQPCB TEQPCDD/FTEQ17-3TEQ17-9, indicating PCBs contribute significantly to the total TCDD TEQ levels in the background population. The majority of the mean total TCDD TEQ was attributable
to four PCDD/Fs and two PCBs. Analysis of the limits of detection (LODs) revealed that the LODs had less of an impact on the mean total TCDD TEQ at the
higher percentiles for each sample set evaluated. Given that ninety-fifth percentile
or maximum background values are typically used to assess exposure to these chemicals, concerns about the LOD of individual congeners impacting the interpretation of this data are minimal. Overall, the reference TEQs we have calculated provide relevant, up-to-date data that can be used to evaluate biomonitoring results of
individuals exposed or potentially exposed to PCDD/Fs and PCBs.

1255

URINARY ARSENIC, PORPHYRINS AND
MALONDIALDEHYDE IN A POPULATION 16 YEARS
AFTER ARSENIC MITIGATION PROGRAM IN
XINJIANG, CHINA

J. C. Ng1, F. F. Liu1, J. Wang1, R. Maddelena1 and M. R. Moore1, 2. 1National
Research Centre for Environmental Toxicology, The University of Queensland,
Brisbane, QLD, Australia and 2Queensland Health Scientific Services, Queensland
Health, Brisbane, QLD, Australia. Sponsor: M. Hughes.
Arsenic contamination of groundwater (0.05 to 0.84 mg/L) in Kuitun, Xinjiang
was first found in 1970’s. Alternative clean surface water was introduced in 1985.
We aimed to assess the exposure and heath outcome since the mitigation. In 2000,
we collected a total of 360 urine samples from villagers from the endemic area and
a nearby control area for arsenic (As), porphyrins and malondialdehyde (MDA)
measurements. The averaged urinary As level of villagers from the endemic site
(117±8.3 µg/g creatinine; 4.2 to 943.8 µg/g creat) was higher than that of the control site (73.6±3.2 µg/g creat). No significant differences were found in urinary
porphyrins or MDA between the endemic and control sites. However, when the
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urinary arsenic was higher than 150 µg/g creat, these two biomarkers were higher
in the exposed group than the control. Within the exposed group, villagers with arsenic-related skin symptoms had higher arsenic, uroporphyrin and MDA compared
to those who had not shown symptoms. Sine the water mitigation, villagers whose
urinary arsenic levels were <90 µg/g creat remained at 43% of the population compared to 40% prior to intervention. However, urinary arsenic >270 µg/g creat
dropped from 20% to 10% of the population. Population with arsenic-related skin
symptoms remained unchanged at 31%. We noted that 7.8% of those who had
skin lesions were born after the implementation of intervention and that some villagers still prefer to drink the groundwater. Further, in the dry season, lack of surface water and electrical power breakdowns are to blame for failure to ensure continuous supply of clean water. It is concluded that despite the prompt action and
successful water mitigation program to curb arsenic poisonings, it is essential to
continue to monitor the health outcome of this population.

1256

RELATION OF URINARY METABOLITES OF
INORGANIC ARSENIC WITH TRANSFORMING
GROWTH FACTOR ALPHA CONCENTRATION IN
BLADDER UROTHELIAL CELLS FROM A POPULATION
ENVIRONMENTALLY EXPOSED TO INORGANIC
ARSENIC

O. L. Valenzuela1, D. R. Germolec2, E. A. Garcia-Montalvo1, L. C. SanchezPena1, A. Hernandez-Zavala1, 3 and L. M. Del Razo1. 1Toxicology, Cinvestav,
Mexico D.F., Mexico, 2NIEH, Research Triangle Park, NC and 3INSP, Cuernavaca,
Mexico.
Inorganic arsenic (iAs) is a well established human carcinogen and its exposure is associated with a variety of cancers including those of skin,lung,and bladder. High expression of transforming growth factor alpha (TGFα) has associated with local relapses in early stages of urinary bladder cancer. Due to the extent and character of
adverse effects associated with iAs exposures are at least in part determined by the
rate of formation and composition of iAs metabolites (MMA, DMA), this study examines the relationship between TGFα concentration in exfoliated bladder urothelial cells (BUC) separated from urine and urinary arsenic species among 78 residents (18-51-year-old) in both high and low iAs-exposed subjects of an endemic
region of central Mexico.
Urinary arsenic species, including trivalent methylated metabolites were measured
by hydride generation atomic absorption spectrometry method. The concentration
of TGFα in BUC was measured by using an ELISA assay. The participants on this
study are from areas exposed to different concentrations of iAs in drinking water
(6–378 ppb). Results show a statistically significant positive correlation between
TGFα concentration in BUC and each of the six arsenic species present in urine.
However, urinary arsenicals in pentavalency (iAsV+MMAV+DMAV) were better
associated with TGFα concentration (p=0.005 vs. 0.021) than the trivalency
(iAsIII+MMAIII+DMAIII). People from areas with high arsenic concentration had
a significantly higher TGFα concentration in BUC than people of areas with low
arsenic exposure (67.5 vs. 34.6 pg/mg protein;p=0.020. These results indicate that
in iAs-endemic areas, the concentration of TGFα in exfoliated BUC may serve as a
marker of the exposure to iAs in drinking water and as an indicator of adverse epithelial health effects associated with this exposure.(Supported in part by CYTED,
XI.23).
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BIOMARKERS OF AIR POLLUTION EXPOSURE - STUDY
IN POLICEMEN IN PRAGUE

J. Topinka, B. Binkova, O. Sevastyanova, I. Chvatalova, A. Milcova, Z.
Lnenickova, Z. Suchankova, I. Solansky and R. J. Sram. Genetic Ecotoxicology,
Institute of Experimental Medicine AS CR, Prague 4, Czech Republic. Sponsor: H.
Autrup.
The effect of exposure to organic compounds adsorbed onto respirable air particles
(<2.5 microns) on DNA adducts in lymphocytes was studied in a group of nonsmoking policemen (N= 109) working in the downtown area of Prague and spending more than 8 h daily outdoors. Personal exposure monitoring of carcinogenic
polycyclic aromatic hydrocarbons (c-PAHs) adsorbed on respirable particles was
monitored in each subject for 48 h before biological sampling. DNA adducts, cotinine in urine, plasma levels of vitamins A, C and E and polymorphisms of metabolic genotypes (GSTs, EPHX, CYP1A1, MTHFR, MS), DNA repair genotypes
(XRCC1, hOGG1 and XPD) and polymorphisms in p53 gene were studied. All
the biomarkers were analyzed repeatedly during the period of 1 year (January,
March, June and September 2004). Highest personal exposure to c-PAHs was
found in January (8.1+/-8.6 ng/m3), while other 3 samplings exhibited 3-4-fold
lower c-PAHs exposure (1.9-3.1 ng/m3). The total DNA adducts were in January
only slightly elevated (2.08+/-1.6 adducts/10(8) nucleotides) compared to March
(1.66+/-0.65), June (1.96+/-1.73) and September (1.77+/-1.15). However, “like“BaP DNA adducts were significantly higher in January than in March and June

sampling periods (P<0.001 and P<0.05) indicating that these adducts reflect more
specifically increased c-PAHs exposure in January.This is further supported by the
finding that “like“-BaP DNA adducts significantly correlate with c-PAHs exposure,
while the correlation of total DNA adduct levels was insignificant. Vitamin A inhibited DNA adduct formation under conditions of increased c-PAHs exposure.
Significant association of DNA adduct levels with combined genotypes for
CYP1A1 and GSTM1 was observed. Our results suggest that under conditions of
increased exposure to organic air pollutants, DNA adduct level is sensitive biomarker of biologically effective dose of genotoxic compounds. Supported by Czech
Ministry of Environment (VaV/740/5/03) and Academy of Sciences of the Czech
Republic (AVOZ50390512).
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PATTERNS OF URINARY EXCRETION OF ARSENIC
METABOLITES IN A POPULATION WITH LOW
ARSENIC EXPOSURE
R. S. Kaetzel1, M. R. Edwards1, Y. W. Lowney2 and J. S. Tsuji1. 1Exponent,
Bellevue, WA and 2Exponent, Boulder, CO.
Urinary levels of inorganic arsenic and associated metabolites are generally considered the most reliable biomarker of recent exposure to inorganic arsenic.
Additionally, arsenic species in urine provide valuable information about individual
differences in arsenic metabolism. Inorganic arsenic (InA) in humans is methylated
to monomethylarsonate (MMA), then dimethylarsinate (DMA) species, which is
traditionally considered a detoxification process with the major endpoint of biomethylation being DMA. The presence of higher levels of more toxic intermediate
forms (e.g., MMA[III]), however, could indicate increased susceptibility to arsenic
toxicity for individuals whose methylation to DMA is less complete. Methylation
patterns have been reported to differ by age and arsenic exposure level, although
not consistently. This study examined patterns of arsenic species in the urine of 441
adults and children from a small town in the northeastern U.S. with low inorganic
arsenic exposure (<20 µg/L speciated urinary arsenic [sum of InA, MMA, DMA]).
Urinary results of ninety percent of individuals consisted of 10 to 57 % inorganic
arsenic, 2 to 18% MMA (23% non-detect) and 32 to 84% DMA (9% non-detect).
No differences between children and adults were found among inorganic arsenic,
MMA, or DMA levels, regardless of creatinine adjustment. The ratios of
InA:MMA or DMA:MMA likewise did not differ by age, indicating that in this
population exposed to low level arsenic, age does not play a key role in the ability to
methylate arsenic.
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STUDYING THE CYTO-GENETIC EFFECTS IN
WORKERS OCCUPATIONALLY EXPOSED TO
VINCRISTINE WITH FOUR GENETIC TESTS
H. Jiliang, D. Hongping, Z. Meibian, W. Wei, J. Lifen, Z. Wei, L. Jianlin and
W. Baohong. Institute of Occupational and Environmental Health, Medical College,
Zhejiang University, Hangzhou, Zhejiang, China.
Abstract
Genetic damage of the workers occupationally exposed to vincristine was investigated with micronucleus (MN) test, comet assay, hprt gene mutation assay and
TCR gene mutation assay. The subjects were divided into two groups: (i) 15 workers from a plant to produce antineoplastic drug (vincristine,VCR); (ii) 15 controls
were matched according to age, gender and smoking. Fresh blood samples were collected from the workers and controls. The results of MN test showed that the mean
micronuclei rate (MNR) and mean micronucleated cells rate (MCR) in 15 workers
were 17.80 and 13.67 /1000 respectively which were significantly higher than those
(3.73 and 3.13 /1000 in controls (P < 0.01). It was found in the comet assay that
the mean tail length (MTL) of 15 workers and 15 controls were 1.72 and 0.71 ?m
respectively, there was significant difference between workers and controls for MTL
(P < 0.05), but the difference between the mean tail moment (MTM, 0.29) of 15
workers and MTM (0.17) of 15 controls was not significant (P > 0.05). The results
of hprt gene mutation assay showed that the average mutation frequency (Mf-hprt)
of hprt in workers was 1.03 /1000 which was significantly higher than that (0.87
/1000) in controls (p < 0.05). Meanwhile, the results of TCR gene mutation assay
indicated that Mfs-TCR gene of workers and controls were 2.52 /10000 and 1.51
/10000 respectively, there was a significant difference between workers and controls
(P < 0.01). It is found in the results of our study that the genetic damage is detectable in 15 workers occupationally exposed to vincristine.
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DIETHYL PHTHALATE: A BIOMONITORING-BASED
RISK ASSESSMENT
S. W. Robison, W. J. Greggs, A. E. Hochwalt, K. A. Kohrman, K. Kosemund,
D. A. McMillan and J. M. Naciff. Procter & Gamble, Cincinnati, OH.
Diethyl phthalate (DEP) is used in a variety of products which provides many potential exposure scenarios from consumer product use. Since phthalates in general
have different toxicities, we developed a risk assessment incorporating human bio-

monitoring data so that potential risk from exposure to consumer products containing DEP could be assessed. Health hazard data were drawn from published
summaries of DEP toxicity data. The lowest reported NOAEL for DEP is 750
mg/kg/day, (16 week dietary study) and the most conservative reproductive and developmental toxicity NOAEL was 1500 mg/kg/day. From these DEP data respectively, the US EPA derived an oral reference dose (RfD) of 0.8 mg/kg/day and the
World Health Organization derived a tolerable daily intake (TDI) of 5 mg/kg/day.
DEP aggregate exposure based on the biomonitoring data was about 0.012
mg/kg/day [upper 95th percentile: 0.110 mg/kg/day], a value much lower than the
maximum exposure calculated from consumer products: 0.83 mg/kg/day. These
toxicology and exposure data indicate that the potential health risks from anticipated exposures to DEP generally are very low. The DEP RfD is essentially equivalent to the conservative estimated exposure from cosmetic and fragrance products.
Given the likelihood that all DEP does not penetrate the skin and that some DEP
is lost to evaporation before product use, actual exposure is likely much lower. The
RfD is well above the exposure from biomonitoring exposure estimates. The biomonitoring derived exposure is about 8 fold less than the RfD and about 40 fold
less than the TDI. These data confirm the hypothesis that cumulative daily exposure to DEP from consumer products and all other sources does not represent a
human health hazard.
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CONSERVATISM OF THE PESTICIDE HANDLERS
EXPOSURE DATABASE: A COMPARISON WITH
BIOMONITORING DATA FOR SIMILAR WORK TASKS

J. H. Ross1 and J. H. Driver2. 1infoscientific.com, Inc., Carmichael, CA and
2
infoscientific.com, Inc., Manassas, VA.
Passive dosimetry is a reproducible and standardized method of measuring pesticide
handler exposure and has been adopted as a regulatory standard since publication
of handler guidelines in 1987 by EPA. These unit exposure values are found in
databases such as the Pesticide Handlers Exposure Database (PHED), the Outdoor
Residential Exposure Task Force (ORETF) Database, and most currently, in the
Agricultural Handlers Exposure Database (AHED©). Unit exposure values expressed as milligrams exposure per pound of active ingredient handled (mg/Lb AI)
have become the standard for first-tier exposure assessment of pesticide handlers.
Historically, the best estimate of central tendency (usually geometric mean) of the
unit exposure has been the basis for risk assessments. Despite the long-term success
of this approach, there has been a suggestion to use an upper percentile from these
databases to characterize exposure to individuals at the upper bound. The PHED
database was derived from studies conducted in the time frame of 1980-1991, and
many of those studies used the same method for air monitoring in use today, but
the vast majority of dermal replicates were derived from patch dosimetry (as opposed to the current practice of using whole body garment dosimeters).
Biomonitoring is generally regarded as the “gold standard” of exposure because it
typically involves fewer measurements and fewer assumptions than passive dosimetry in determining absorbed dose in individuals exposed to pesticides. Nine biomonitoring studies were evaluated that used five different methods of application
with seven different active ingredients for which human dermal absorption data
were available. The total absorbed daily dose estimated using PHED for common
use scenarios generally exceeds measurements for those same use scenarios made
using urinary biological monitoring methods. Consequently, adding additional
measures to account for “uncertainty” in PHED further biases an already upperbound estimate.
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PLACENTAL GLUTATHIONE-S-TRANSFERASE:
ASSOCIATION OF GENOTYPE, ACTIVITY AND
MATERNAL NUTRITION IN A MEXICAN OBSTETRIC
POPULATION

T. Dodd-Butera1, P. Quintana1, M. Ramirez-Zetina2, M. Sierra1, C. Shaputnic1,
S. Hull1, S. Ingmanson1 and A. C. Batista3. 1Graduate School of Public Health,
SDSU, San Diego, CA, 2Instituto Mexicano de Seguro Social, Tijuana, Baja
California, Mexico and 3Centros des Estudios Xochicalco, Tijuana, Baja California,
Mexico. Sponsor: A. dePeyster.
The maternal-fetal environment is susceptible to toxicity from environmental exposures. The placenta is unique in that it originates as a response to maternal pregnancy and functions as a fetal organ. Placental detoxifying enzymes may be protective for fetal health, however, low levels of glutathione S-transferase pi (GSTpi)
have been linked to adverse reproductive outcomes. Thus, this study examined expression and activity of GST in maternal venous blood and placental tissue.
Consenting obstetric patients were recruited from a hospital in Tijuana, Baja
California, Mexico (n = 51); 28.8% worked in a maquiladora and 27.5% resided in
an industrial area of Tijuana. Western blot was used to determine GST pi levels in
placental isolates, and placental GST activity was assessed against CDNB.
Placentae and maternal blood were genotyped for GSTP1 and CYP1A1 by PCRRFLP and for GST mu (M1) by PCR. Placental GST pi activity varied almost 30
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fold between placentae, while GST pi levels varied 4 fold. GST pi activity and levels were only modestly correlated (r = 0.359, p <0.01). The variant GSTP1 allele
val105 did not appear to significantly affect GST pi levels or activity, in contrast to
reports in other tissues. Interestingly, activity and levels of GST pi were higher in
placentae with the GST mu ‘null’ genotype, especially for mother-baby pairs concordant for GSTM1 null genotype and GSTP1 ile105(p <0.05). Additionally, maternal serum folate positively correlated with GST pi levels in placenta, but this correlation was seen only in GST mu ‘null’ mothers (rho = 0.552, p = 0.009). The
research on this border population of Mexican women provides valuable data which
indicate that placental genotype and phenotype may affect detoxification processes
in the maternal-fetal environment.
Supported by a grant from the San Diego Foundation Blasker grant #C-2002-00348
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PREDICTING GC/MS TEQ FROM XDS-CALUX®
DETERMINATIONS OF DIOXIN CONTAMINATION
IN SOIL

G. C. Clark1, J. Orelien2, J. D. Gordon1, A. C. Chu1, M. D. Chu3, D. J.
Brown4 and M. S. Denison5. 1Xenobiotic Detection Systems, Inc., Durham, NC,
2
SciMetrika, LLC., Research Triangle Park, NC, 3Analytical Perspectives,
Wilmington, NC, 4Marietta College, Marietta, OH and 5Department of
Environmental Toxicology, University of California, Davis, Davis, CA.
The XDS-CALUX® bioassay is a recombinant cell bioassay designed to rapidly
evaluate the level of polychlorinated dioxin-like contaminants (i.e., PCDDs,
PCDFs and PCBs) present in sample extracts. Combined with our patented sample
processing system, which reduces contributions from Ah receptor agonists that are
not dioxin-like, the XDS-CALUX® bioassay can be used to estimate dioxin TEQ
for environmental samples. A US EPA/Battelle cross validation SITE study was recently completed that compared the TEQ estimates for 209 samples as determined
by both the XDS-CALUX® screening method and high resolution GC/MS analysis of chlorinated dioxins/furans and PCBs. We used this data to develop a mathematical model that could predict GC/MS TEQ results from CALUX bioassay data
to improve the comparability of the two methods. A statistical model was generated
using a generalized estimating equation that accounts for the correlation due to
replicates using a base 10 logarithm transformation of the two variables; GC/MS
TEQ and XDS-CALUX® -TEQ. Modeling the data we derived the following
equation:
LOG (GC/MS)=0.6093*LOG(CALUX)+0.0584*[LOG(CALUX)]2
This equation can be used to transform XDS-CALUX® -TEQ to predict GC/MS
derived TEQ. The model generated with the EPA SITE data was tested using 49
soil and 18 ash determinations of XDS-CALUX® -TEQ and GC/MS TEQ data
from a second double-blind study. The model did a good job of predicting GC/MS
TEQ based on XDS-CALUX®-TEQ data. This modeling exercise demonstrates
how values of GC/MS TEQ can be predicted from XDS-CALUX® bioassay data
for dioxin-like contaminants in ash and soil samples. Supported by NIEHS SBIR
grant ES08372-02 and Superfund Basic Research Grant ES04699.
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DNA-PROTEIN CROSSLINKS AS A POTENTIAL
BIOMONITOR OF HEXAVALENT CHROMIUM
EXPOSURE IN RAINBOW TROUT

K. N. Mellinger1, J. R. Kuykendall1, K. L. Miller1, A. V. Cain1, B. L. Finley2
and D. J. Paustenbach2. 1Raabe College of Pharmacy, Ohio Northern University,
Ada, OH and 2ChemRisk, San Francisco, CA.
Hexavalent chromium (Cr6+) is found ubiquitously in many industrial waterways,
as a result of mining, leather, steel, chrome plating and dye industries. Cr6+ has
been demonstrated to cause DNA-protein crosslink (DPX) formation in developing sea urchin embryos, yet little is known about vertebrate aquatic wildlife. Fish
erythrocytes are nucleated and represent a convenient tissue for studying DNA
damage in vivo. Using an SDS/KCl precipitation technique, we attempted to determine if Cr6+ causes DPXs in erythrocytes of live trout at exposure levels which may
be environmentally relevant. Fingerling trout (2-4”) were exposed to increasing
[Cr6+] for 4 days at 15oC. Dose dependent increases in DPXs were found at concentrations above 1 ppm, with 44, 116 (p<0.05), and 140% (p<0.01) above control
levels at 1, 2 and 4 ppm, respectively. Next, fingerlings were exposed to 2 ppm Cr6+
in tank water for up to 21 days at 15oC. Significant, time-dependent elevations in
DPXs were observed in Cr6+ treated trout with 44, 92 and 201% increases above
control DPX levels at 4, 7 and 21 days of exposure, respectively (p<0.05). Effect of
body size on Cr6+-induced DPXs studied with four size groups of juvenile trout (24”, 4-6”, 6-8” and 8-10”), housed together in a 55 gallon tank. Trout were exposed
with an initial 2 ppm dose at time zero, and subsequent additions of 1 ppm at 24,
48 and 72 hours (total of 5 ppm Cr6+ over 4 days). Statistically significant increases
in DPXs (greater than 200% above controls) were observed in all Cr6+ treated size
groups, as would be expected. However, there was no statistical difference between
DPX levels of any of the size groups of fish (p>0.05, one-way ANOVA, with
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Bonferroni post-test). Although the significance of DPXs to fish health is not well
understood, this assay may provide a useful, non-lethal tool to detect low level Cr6+
exposure of freshwater fish in their natural habitats.

1265

COMPARISON OF NICKEL-INDUCED DNA-PROTEIN
CROSSLINKS IN SEVERAL FRESHWATER FISH SPECIES
AFTER ACUTE EXPOSURE
A. V. Cain, K. N. Mellinger, K. L. Miller, M. W. Mullen and J. R. Kuykendall.
Raabe College of Pharmacy, Ohio Northern University, Ada, OH. Sponsor: B. Finley.
DNA-protein crosslinks (DPXs) have been demonstrated in cultured mammalian
cells and suggested to be a stable biomarker for exposure to several carcinogenic
heavy metals. Divalent nickel (Ni2+) has been reported as an industrial pollutant in
sediments of many major waterways worldwide. Ni2+ toxicity to freshwater fish is
well known, yet standard biological tools to monitor low level exposure are lacking.
Using an SDS/KCl precipitation technique, we examined the potential for DPX
formation in Rainbow trout erythrocytes cultured in vitro with increasing [Ni2+],
as well as in several freshwater species of fish exposed to 15 ppm in tank water.
Statistically significant (p<0.05) increases in DPX occurred were detected in isolated erythrocytes cultured for 24 hrs at 20oC with 50, 100, 250 and 500 mM
Ni2+ exhibited 63, 115, 150 and 282% elevations in DPXs above control values
(2.41% of DNA in DPX fraction). Several freshwater fish species (2-4” juveniles)
were exposed to 15 ppm Ni2+ for 4 days at 15oC, at which time blood samples
were taken from the gills. Erythrocytes from hybrid bluegill exhibited the highest
level of DPXs with 237 % (p<0.01) above control values, while erythrocytes from
Rainbow trout and channel catfish contained 124% (p<0.05) and 82% (p<0.05)
higher DPX levels than controls, respectively. When exposed to 15 ppm Ni2+ for 4
days, then removed from water containing Ni2+ for 7 days, DPXs remained elevated at 66% higher levels (p<0.05) than control values. DPX formation has been
demonstrated in several fish species exposed to waterborne nickel at 15 ppm, of
which bluegill appear to be the most sensitive. In addition, it appears Ni2+ induced
DPXs are unstable over time, but may be detectable for up to several weeks after
acute exposure. Work is in progress to determine if channel catfish exposed to Ni2+
containing sediment can accumulate DPX under chronic exposure conditions.
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PERSISTENCE OF DNA-PROTEIN CROSS-LINKS IN
ERYTHROCYTES OF CHANNEL CATFISH AFTER
ACUTE HEXAVALENT CHROMIUM EXPOSURE
M. W. Perry1, J. R. Kuykendall1, K. L. Miller1, K. N. Mellinger1, A. V. Cain1,
B. L. Finley2 and D. J. Paustenbach2. 1Raabe College of Pharmacy, Ohio Northern
University, Ada, OH and 2ChemRisk, San Francisco, CA.
DNA-protein crosslinks (DPXs) have been used previously as a potential biomarker
for occupational exposure to a hexavalent chromium (Cr6+), under a variety of exposure scenarios. Cr6+ is found ubiquitously in many industrial waterways, causing
considerable concern about human health and environmental impact. The accumulation of Cr6+ in river sediments has raised issues about possible of toxicity to
fish species feeding in such areas. To be useful as an environmental biomarker,
adducts such as DPXs must be biologically stable for some time after chemical exposure. It has been shown recently that Cr6+ induced DPXs are repaired in mammalian cells, yet no information exists about their formation and stability in fish
under controlled conditions. We have addressed this issue by exposing juvenile
channel catfish (2-4”) to Cr6+ at 2 ppm in tank water for up to 15 days, and removing some fish from the tank and placing them back in purified water alone.
DPXs in erythrocytes from exposed catfish were monitored over this time period to
determine their biologic stability. Catfish exposed for 4, 7, 10 and 15 days accumulated significantly higher levels of DPXs above time zero and day 15 controls, with
48, 73, 119 and 801% elevations, respectively (p<0.05). When catfish were exposed to Cr6+ for 10 days, then placed in purified water (no Cr6+), DPXs continued to increase to over the next 5 days to 419% above 15 day controls. This represents a 250% increase above levels seen at day 10 (when removed from Cr6+). This
suggests that DPX formation may occur for a significant period of time after initial
uptake of Cr6+. It may be that Cr6+ is reduced intracellularly and sequestered as
Cr3+ adducts on the DNA alone, subsequent reaction with chromatin proteins
would form additional DPXs. Available data suggest that DPXs are biologically stable and detectable for several weeks.
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DIETARY HEXAVALENT CHROMIUM EXPOSURE
CAUSES DNA-PROTEIN CROSSLINK FORMATION IN
ERYTHROCYTES OF LARGEMOUTH BASS
K. L. Miller, K. N. Mellinger, A. V. Cain and J. R. Kuykendall. Raabe College of
Pharmacy, Ohio Northern University, Ada, OH. Sponsor: B. Finley.
Hexavalent chromium (Cr6+) is known to cause DNA-protein crosslink (DPX)formation in cell lines and in liver cells of rats exposed by drinking water. This project
was designed to determine if DPXs could accumulate in minnows following water-

borne exposure, then accumulate in a predatory fish that fed upon them. Exposure
of 2-3” fathead minnows to 2 ppm Cr6+ in tank water at 15oC led to significant
DPX formation in erythrocytes, with over 150 and 200% elevations above background levels at 3-4 days, respectively (p<0.05). Largemouth bass exposed similarly
were found to have 62% elevation of DPX levels above controls after 4 days.
However, when largemouth bass were fed a 21 day diet of only minnows which had
been previously exposed to 2 ppm Cr6+ for 3-4 days, there was no significant difference in DPX levels compared to bass fed control (unexposed) minnows. In contrast, when largemouth bass were fed a diet of dead minnows injected with 20 µg
Cr6+ for 5 days, a significant (p<0.01) increase of DPXs in erythrocytes was observed, with 80% elevation above bass fed minnows injected only with saline. This
study provides evidence that DPX formation occurs in erythrocytes of fathead minnows exposed under controlled conditions to waterborne Cr6+ at 2 ppm concentrations, which is at or below concentrations previously assigned no observable effect levels. Furthermore, it appears that both waterborne and high dose dietary
exposure to Cr6+ can lead to DPX formation in erythrocytes of predatory fish
species such as bass. However, it is unlikely that a bio-concentration of chromiuminduced DPXs in the food chain is a major concern at these low ppm levels of exposure. Cr6+ accumulated by minnows is most likely reduced to Cr3+, which cannot be absorbed following ingestion of minnows by predatory fish. Further, it may
be difficult to achieve dietary Cr6+ levels high enough to elicit DPXs in predatory
fish under most environmental exposure scenarios.
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THE EFFECT OF UNCERTAINTY FACTOR PLACEMENT
IN A PHYSIOLOGICALLY-BASED PHARMACOKINETIC
(PBPK) MODEL OF TRICHLOROETHYLENE (TCE) FOR
ACUTE EXPOSURE GUIDELINE LEVELS (AEGL)

C. R. Eklund1, W. K. Boyes2, J. E. Simmons1 and M. V. Evans1. 1Experimental
Toxicology Division, USEPA, Research Triangle Park, NC and 2Neurotoxicology
Division, USEPA, Research Triangle Park, NC.
PBPK models may be used in risk assessment to reduce uncertainties associated
with dosimetry; however, other considerations may still lead to incorporation of
uncertainty factors (UF). We investigated the consequences of incorporating UFs at
three different steps in the modeling sequence including: to the air concentration
that served as the point of departure, to the internal dose metric, or to the final air
concentrations. We illustrated this by using a PBPK model to extrapolate across exposure durations while evaluating risk of acute exposures to TCE. AEGL values
were developed for 10 min, 30 min, 1 hr, 4 hr, and 8 hr exposure durations, and
were designated for three levels of increasing severity (AEGL-1 to AEGL-3).
Adverse outcomes appropriate for AEGL-1, 2, or 3 were selected from the literature, and then a PBPK model was used to predict the arterial blood concentrations
(Ca) associated with those outcomes. The model was then used in a boot-strap approach to estimate the atmospheric concentration sufficient to produce the same
Ca level for each exposure duration. A UF of 3 was used to examine the effect of its
placement on the final AEGL value. The results showed that relative to applying
the UF to the final air concentrations, the results of the other approaches differed
by less than 20%, 20% and 2% for AEGL1, 2, and 3, respectively. Therefore,
changing the placement of the UF had only a modest impact on the final AEGL air
concentrations for this example. This would argue for placement of the UF outside
the PBPK model for greater transparency of the risk assessment process (This abstract does not reflect EPA policy.)
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DERIVATION OF REFERENCE CONCENTRATION
(RFC) FROM DOSE-RESPONSE (D-R) ANALYSIS FOR
CHEMICAL MIXTURES USING PHYSIOLOGICALLY
BASED TOXICOKINETIC (PBTK) MODEL

G. Balagopal and D. Manca. Standards Development Branch, Ontario Ministry of
the Environment, Toronto, ON, Canada.
Regulatory agencies extrapolate toxicological response to lower doses from experimental or epidemiological data using point of departure (POD), e.g. No-ObservedAdverse-Effect-Level (NOAEL), in order to derive RfCs. However, developing RfC
for individual components of chemical mixtures is a toxicological challenge due to
the lack of published data on D-R analysis. We present a D-R approach for developing the RfC for the components of BTEX using the toxicokinetic principles of
chemical interactions. Animal equivalent NOAELs from the critical studies used by
US EPA to develop RfCs for benzene (B), toluene (T), ethylbenzene (E) and
xylenes (X) were used in a PBTK-BTEX model to calculate the internal dosimetry
of the components of the BTEX mixture. The model was constructed from
Haddad et al., (1999) and was run on an Excel® spreadsheet to derive the venous
blood concentration (Cv) of B, T, E, and X at exposure concentrations corresponding to the NOAEL. The peak concentration at 24 hours of exposure was measured
using both non-interactive and interactive models. The internal dosimetry (in Cv)
of BTEX components was higher in the interactive PBTK model by a factor of 1.53

to 1.95. The exposure concentration of BTEX components in the interactive model
was reduced in order to achieve Cv of BTEX components equivalent to those in the
non-interactive model. The resulting exposure concentrations are the adjusted
NOAELs of the individual components of BTEX. The ratios of adjusted to non-adjusted NOAELs for B, T, E, and X are 0.60, 0.57, 0.74 and 0.56, respectively. RfCs
for the components of the BTEX mixture were derived from the modified
POD/NOAEL. The uncertainty factors used by US EPA for each BTEX component were retained. The suggested mixture RfCs for BTEX components are 1.5 to
2 folds lower than the non-interaction RfCs reported by USEPA. This approach
was developed for non-carcinogenic end-points based on an interaction profile
which can be applied to different chemical mixtures.
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USING A PBPK MODEL TO EXPLORE MECHANISMS
OF OBSERVED PHARMOCOKINETIC DIFFERENCES
OF PHTHALATES ACROSS LIFE-STAGES IN RATS

R. A. Clewell1, 2, J. Kremer2, M. Andersen2 and S. Borghoff2. 1Environmental
Sciences and Engineering, University of North Carolina at Chapel Hill, Chapel Hill,
NC and 2CIIT Centers for Health Research, Research Triangle Park, NC.
Phthalic acid diesters are ubiquitous environmental contaminants resulting from
their use in plastics. Human exposure occurs primarily via water and food consumption, though it can also result from iv treatments and blood transfusions.
Dibutyl phthalate (DBP) disrupts male sexual development through testosterone
inhibition and fertility through reduced spermatogenesis. Previously, separate
PBPK models were developed for serum metabolite kinetics in adult male (Keys et
al., Toxicol Sci 53, 173-184) and pregnant female rats. They have now been combined using a common description of in vivo kinetics and life-stage specific physiology. To enhance utility for human extrapolation, descriptions were added for potential biomarkers from each major metabolic route (hydrolysis, glucuronidation,
hydroxylation), and enterohepatic recirculation, urinary and fecal excretion, and
placental transfer. Parameters were obtained from literature or fitted against data in
the male rat. The model successfully describes biliary and fecal excretion (50 and
9% of dose), and serum and urine DBP, monobutyl phthalate (MBP), MBP glucuronide (MBPG) and total 14C after 1 and 10 mg/kg 14DBP iv. It also reproduces
serum MBP after oral MBP (34 mg/kg) and DBP (43 – 857 mg/kg) dosing. The
model was tested in gestation after adding prenatal growth and placental transfer.
From the fit to data (50 - 250 DBP po, and 10 - 60 MBP iv), glucuronidation appears to be increased in the pregnant female. Fetal UDPGT and glucuronidase activity leads to increased maternal serum MBP. Phthalate kinetics in both adult and
fetus (GD19) are dominated by cycling of metabolites between free and conjugated
forms. Extrapolation to the human will be useful in predicting target tissue dosimetry across life-stages and exposures. It could also inform biomonitoring by supporting the estimation of phthalate exposure from readily measured biomarkers, such as
urine metabolite levels.
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RECONSTRUCTING HUMAN TRIHALOMETHANES
EXPOSURE FROM BIOMONITORING DATA WITH
PHYSIOLOGICALLY BASED PHARMACOKINETIC
MODELS

A. M. Mason2, H. J. Clewell1, K. H. Liao1 and Y. Tan1. 1Center for Human
Health Assessment, CIIT Centers for Health Research, Research Triangle Park, NC
and 2Chlorine Chemistry Council, Arlington, VA.
In this work, we used physiologically based pharmacokinetic (PBPK) modeling to
reconstruct trihalomethanes (THMs) exposures associated with measured biomonitoring data. A PBPK model developed for chloroform was used as a generic framework for bromodichloromethane (BDCM), dibromochloromethane (DBCM), and
bromoform (TBM). These models were parameterized using existing human data,
rat data (when no human data were available), and chemical-specific parameters estimated from molecular-based algorithms. The three models were combined with a
showering-exposure model to simulate THM concentrations in blood after showering, which is a major contributor to human THM exposure. The predictive abilities
of the human PBPK models for BDCM, DBCM and TBM were evaluated against
published data in a controlled showering study. The models satisfactorily predicted
THMs concentrations in blood. We defined a plausible exposure regimen combining inhalation, ingestion, and dermal exposures associated with residential use of
water containing typical concentrations of THMs. Monte Carlo analysis was used
to evaluate the propagation of variability throughout the model resulting in an estimate of the variance in model output. The Monte-Carlo predicted distributions of
BDCM, DBCM, and TBM concentrations in blood were found in agreement with
measured distributions reported in the Center for Disease Control and Prevention’s
(CDC) National Health and Nutrition Examination Survey (NHANES) III (Crit
Rev Environ Sci Technol 27, 113-194). We then used these models in a reverse
dosimetry approach to estimate distributions of exposure that would be consistent
with concentrations of THMs measured in human blood in the CDC’s NHANES
III study.
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ROUTE EXTRAPOLATION OF MTBE
PHARMACOKINETICS IN RATS

T. Leavens and S. Borghoff. CIIT Centers for Health Research, Research Triangle
Park, NC.
Methyl tertiary-butyl ether (MTBE), an oxygenating fuel additive, is a common
groundwater contaminant and causes male rat renal tumors at high inhalation exposures. MTBE is primarily metabolized to tertiary-butyl alcohol (TBA), which
also causes renal tumors in male rats following chronic exposure. The pharmacokinetics of MTBE and TBA in rats has been described previously with a physiologically based pharmacokinetic (PBPK) model for single exposures by oral gavage or
inhalation (Borghoff et al., 1996, Fundam. Appl. Toxicol., 30, 264-75). The model
has not been used to predict the pharmacokinetics of MTBE and TBA from
chronic drinking water, oral gavage, or inhalation exposures, which will be important for extrapolating effects from chronic rodent exposures to humans. The purpose of this work was to compare PBPK model predictions of the pharmacokinetics
of MTBE and TBA in rats from drinking water, oral gavage, and inhalation exposure. The scenarios included exposure via drinking water (10-2ml increments) and
oral gavage at both 1 and 15000 ppm MTBE vs. 6 h/d inhalation exposure to 400
and 3000 ppm MTBE for 5 days. Water concentrations represented high environmental concentrations (1 ppm) or concentrations resulting in carcinogenic responses in rats following chronic oral exposure (15000 ppm). Inhalation concentrations were the current NOAEL and LOAEL for MTBE. Model predictions of
Cmax, Tmax, AUC, and steady state concentrations of MTBE and TBA in blood
were compared among the exposure scenarios. The model predicted significant differences in the pharmacokinetics following drinking water exposure versus oral gavage, with inhalation exposure resembling a drinking water exposure scenario.
Differences in TBA pharmacokinetics among exposures were mainly due to slow
clearance resulting in accumulation over time. The model predictions of the pharmacokinetics of TBA can be used to extrapolate relevant effects among exposure
scenarios in rats.
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THE USE OF A PHYSIOLOGICALLY-BASED MODELING
APPROACH FOR ASSESSING THE MECHANISMS OF PTERT-OCTYLPHENOL TOXICOKINETICS IN THE RAT

S. Haddad1, T. Peyret1, G. Hamelin2, K. Krishnan2 and R. Tardif2. 1TOXEN,
Montréal, QC, Canada and 2GRIS, Montréal, QC, Canada.
4-tert-Octylphenol (OP), a xenoestrogen, is a stable and persistent degradation
product of the surfactant octylphenol ethoxylate that is released in wastewater discharges. The objective of the present study was to characterize the mechanisms of
toxicokinetics of OP by using a physiologically-based pharmacokinetic (PBPK)
modeling approach. A PBPK model of OP in rat was developed to assess the relevance of the following processes with regard to OP kinetics: plasma and liver protein binding, diffusion limitation in tissues, extrahepatic metabolism, active transport, and enterohepatic recirculation. Sensitivity analyses and simulation fitting to
OP toxicokinetic data (concentration in blood, brain, liver muscles and adipose tissues) from i.v. administration in male rats (4 and 8 mg/kg) were carried out.
Physiological parameters and hepatic metabolism rates were taken from the literature. Tissue:blood partition coefficients were estimated based on lipophilicity characteristics. Adequate model simulations were obtained with the consideration of the
following phenomena: (i) extrahepatic metabolism in kidney, brain, muscle and
lung with tissue-specific Vmax less than 3.5% of hepatic Vmax; and (ii) diffusionlimited uptake of OP by adipose tissues and muscles. Due to conflicting reports on
OP affinity for albumin, high and low affinity scenarios were considered.To adequately calculate clearance rates in the high affinity scenarios, total tissue concentration had to be used as opposed to the unbound concentration for low affinity
scenario. Furthermore, a description for enterohepatic recycling had to be considered to accurately describe the hepatic concentrations in the low affinity scenario,
where more than 60% of metabolised compound is hydrolysed and reabsorbed in
gut. The present study demonstrates how PBPK model can be useful as a tool for
evaluating various hypotheses regarding the mechanistic basis of OP disposition in
order to efficiently orient future research efforts on OP toxicokinetics. (Supported
by NSERC, Canada).
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A PHYSIOLOGICALLY BASED PHARMACOKINETIC
MODEL OF TRIHALOMETHANES IN THE PREGNANT
RAT: IDENTIFICATION OF KEY DATA NEEDS

M. H. Lumpkin1, G. L. Diamond1, G. L. Kedderis2, M. A. Odin1, J. R.
White1, L. K. Teuschler3, G. E. Rice3, J. B. Reid3 and J. C. Lipscomb3.
1
Environmental Science Center, Syracuse Research Corporation, Syracuse, NY,
2
Private Consultant, Chapel Hill, NC and 3ORD, NCEA, USEPA, Cincinnati, OH.
A physiologically based pharmacokinetic model is being developed for simultaneously simulating the pharmacokinetics of four trihalomethanes (THM): chloroform, bromodichloromethane, dibromochloromethane, and bromoform, in the
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pregnant rat and fetus. A previous THM model was modified to simulate pregnancy. The inclusion of pregnancy-related growth had a profound effect on the maternal kinetics of THM. Simulations showed that near steady-state THM levels,
predicted to occur in the non-pregnant rat within one hour of initiating a continuous inhalation exposure to 1000 ppm were not achieved in either the maternal
blood or fetal tissue during gestation. Dramatic changes in simulated THM levels
coincided with rapid growth of the fetus and yolk sac placenta. While simulated
THM levels decreased in most tissues during gestation, levels increased in the
uterus and mammary glands. Thus, the model suggests that rapidly growing mammary, uterine, placental, fetal tissues are dominant factors in THM disposition in
the pregnant rat. The apparent absence of a steady state for THM during pregnancy
might have significant implications for the appropriate application of PBPK modeling approaches to address relevant internal dose metrics related to developmental
effects. Regardless, data are currently lacking for an empirical evaluation of these
predictions. Key identified data needs include: (1) disposition of all four THMs in
maternal blood, mammary gland, uterus, placenta, and fetus throughout pregnancy, but especially at predicted times of rapid concentration change; (2) specific
measurement of partition coefficients for the mammary gland, uterus, and placenta; (3) development of a better estimate of placental THM diffusion; and (4)
verification of mammary growth rate. These data can then be used to significantly
refine the model, making it a reliable tool for THM risk assessment.

1275

CANCER DOSE RESPONSE ANALYSIS FOR 2-CHLORO1,3-BUTADIENE: COMPARISON OF RODENT AND
HUMAN EXPOSURE OUTCOMES USING
PHYSIOLOGICALLY BASED MODELING

M. W. Himmelstein, R. C. Leonard and R. Valentine. DuPont Haskell Laboratory
for Health and Environmental Sciences, Newark, DE.
2-Chloro-1,3-butadiene (CD), used in the synthesis of polychloroprene rubber,
caused increased incidences of several tumor types in B6C3F1 mice and Fischer rats
but not in Wistar rats or Syrian hamsters from two separate inhalation bioassays.
This project compared the lung tumor incidence, as a sensitive organ in rodents,
with the exposure and outcome data for lung cancer mortality from a recent multisite epidemiology study. CD metabolism involves oxidation by cytochrome P450
to epoxide metabolites. A physiologically-based toxicokinetic (PBTK) model was
developed that describes total CD metabolism in rodent and human lung and liver
(Tox Sci 79, 2004). Point estimates for 8 or 12-hour exposure concentrations were
estimated for the 4 plant sites by dividing cumulative exposure (ppm-yr) by the average duration of employment. For comparison of lung tumor incidence in rodents
and human lung mortality, data were corrected for extra risk (Pd-Po)/(1-Po), where
Pd was the probability of an effect in the exposed groups and Po for control rodent
incidence or human regional background mortality. Exposure response comparison
showed considerable species differences in response particularly for the overlap of
the Fischer rat and B6C3F1 mouse exposure at 12.8, 32 and 80 ppm. An internal
dose response was derived using the PBTK model internal lung dose and fit to multistage benchmark dose for the rodent data. The internal dose associated with a
10% extra risk for rodents was 1.37 mg CD metabolized/g lung/day. The human
equivalent concentration at this internal dose was 103 ppm for 8 or 12-h TWA. A
slight overlap with the rat internal dose was observed for the highest exposure for
one work site. However, none of the standardized mortality ratios were statistically
significant at any site. The fraction at risk for humans was about 105x less than the
mouse and 7x for the rat at 12.8 ppm for the rodent bioassay. Implementation of
internal dose improved the dose-response concordance across species.
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USING DOSE METRICS TO BETTER IDENTIFY
RELEVANT EXPOSURES WHEN ASSESSING IMPACTS
FROM EXOGENOUS CHEMICALS

J. N. Blancato1, F. W. Power2, M. V. Evans1, M. S. Okino2 and C. C. Dary2.
1
USEPA, Research Triangle Park, NC and 2USEPA, LV, NV.
Classical risk assessment includes several considerations including hazard identification, dose-response assessment, and exposure assessment. Typically, animal toxicity
studies are performed using exploratory doses under controlled exposure conditions. Actual human exposure conditions in macro or micro-environments, on the
other hand, are irregular even under the most controllable conditions. Measuring
and monitoring actual exposure in macro or micro-environments is neither easy
nor inexpensive. Identifying the important exposure factors that contribute to dose
is essential. Associating exposures with dose metrics that are relevant to the mode of
action is a crucial. Producing quantifiable connections between exposure and the
relevant dose metrics enable us to better identify and characterize the important exposures to be measured. Physiologically based pharmacokinetic and pharmacodynamic (PBPK/PD) models are tools for studying these connections. The Exposure
Related Dose Estimating Model (ERDEM) developed by the US EPA is a well

characterized platform for developing and implementing PBPK/PD models for this
purpose (http://www.epa.gov/heasdweb/erdem/erdem.htm). In this poster, we offer
three different cases with several dose metric endpoints for comparison. First, we
offer the case of a rapidly absorbed and rapidly transformed xenobiotic. We follow
this case with an example of a rapidly formed but slowly eliminated biotransformation product. Lastly, we evaluate cases with different time-scales of a pharmacodynamic endpoint, an affected endogenous enzyme, to study the impact of exposure.
We observed that chemical concentrations in the body that change rapidly with
changes in exposure require exposure information of higher resolution than chemicals where changes occur gradually. These cases illustrate the power of biological
modeling to prioritize and even characterize different exposure studies and measurements. (This work was reviewed by EPA and approved for publication but does not
necessarily reflect official Agency policy.)
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TRICHLOROETHYLENE CANCER SLOPE FACTOR
ESTIMATES USING A HARMONIZED PBPK MODEL

E. Hack1, R. Thompson2 and J. Zhao1. 1Toxicology Excellence for Risk Assessment,
Cincinnati, OH and 2Indiana Department of Environmental Management,
Indianapolis, IN.
Until recently, the state of the science for modeling the kinetics of TCE was two
physiologically-based pharmacokinetic (PBPK) models which resulted in significantly different cancer slope factors. The PBPK models for TCE were recently harmonized in an effort organized by TERA and jointly supported by the US
Environmental Protection Agency and the Department of Defense. Bayesian analysis was performed to recalibrate the harmonized model, resulting in updated posterior parameter distributions based on a more complete database of kinetic information for mice and humans. The harmonized model was used to compute updated
cancer slope factor estimates based on the significant NCI (1976) and NTP (1990)
bioassays of mouse liver tumors. The mouse PBPK model was used to estimate the
internal dose metric (i.e., the area under the TCA liver concentration curve) corresponding to the doses administered in the bioassays. Benchmark dose-response
modeling was conducted to estimate a lower bound on the effective internal dose
for a 10% extra risk of liver carcinogenesis (LED10). A stratified regression approach was also used to test for study-specific differences in response and to derive
a LED10 using both data sets in a simple meta-analysis. The human PBPK model
was run to estimate the inhaled concentration and orally ingested dose of TCE corresponding to the LED10. Finally, the human cancer slope factor was calculated
using linear extrapolation from the risk at the LED10 to 0. This slope factor estimate represents the most current estimate of the risk of liver carcinogenesis in humans from TCE exposure. Comparison of the oral slope factor to California EPA
and past modeling are somewhat similar, while the inhalation slope factor disagrees
with recent analysis of results from cancer incidences in human studies and past
modeling of direct mouse inhalation bioassays.

struction, evaluation, and application of a scientifically robust PBPK model are described in a step-wise manner. (Work supported in part by USEPA: ORISE
Subcontract 5-10329)
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USING HUMAN LIFE STAGE PBPK/PD MODEL
PREDICTIONS OF PERCHLORATE-INDUCED IODIDE
INHIBITION TO INFORM RISK ASSESSMENT IN
SENSITIVE POPULATIONS

D. R. Mattie1, T. R. Sterner2, E. A. Merrill3 and R. A. Clewell4. 1AFRL, WrightPatterson AFB, OH, 2HJF, Wright-Patterson AFB, OH, 3Geo-Centers/Alion, WrightPatterson AFB, OH and 4CIIT-CHR, Research Triangle Park, NC.
The January 2005 National Research Council report “Health Implications of
Perchlorate Ingestion” and the adoption of its findings into the U.S.
Environmental Protection Agency Integrated Risk Information System resulted in
a perchlorate reference dose (RfD) of 0.0007 mg/kg-day. Iodide inhibition was
considered to be the key biochemical event preceding disruption of thyroid hormone homeostasis. The RfD was based on the No Observable Effect Level (NOEL)
of 0.007 mg/kg-day, which resulted in no significant iodide inhibition in normal
adults. An uncertainty factor of 10 was applied to the NOEL to account for intraspecies variability, including life-stage specific susceptibility. Recently, existing
physiologically based pharmacokinetic/ pharmacodynamic (PBPK/PD) models
across life-stages in rat and in adult human were expanded to describe inhibition
kinetics during perinatal development in humans. Chemical-specific parameters
were estimated from life-stage and species-specific relationships established in previously published PBPK/PD models. The human perinatal models successfully
simulate literature radioiodide data for gestation and lactation, as well as data from
populations exposed to perchlorate contaminated drinking water. These validated
models were used to examine the effect of developmental stage on susceptibility to
thyroid perturbation across a range of doses. At environmentally relevant doses, the
perinatal woman, fetus and nursing infant are predicted to have higher blood perchlorate concentrations and greater thyroid iodide uptake inhibition than either
the non-pregnant adult or older child. At exposure levels equal to the NOEL and
RfD, the PBPK/PD model predicted iodide inhibition in fetuses is within normal
variation (less than 10%) and insignificant (less than 1%), respectively, indicating
that the newly adopted RfD is in fact protective of the population most sensitive to
thyroid inhibition.

1280

ISSUES IN USING MARKOV CHAIN MONTE CARLO
ANALYSIS TO CALIBRATE A PBPK MODEL FOR USE IN
RISK ASSESSMENT: CASE STUDIES WITH
DICHLOROMETHANE AND PERCHLOROETHYLENE

T. R. Covington1, P. Gentry1, C. B. Van Landingham1 and H. J. Clewell2.
1
ENVIRON International Corporation, Ruston, LA and 2CIIT Centers for Health
Research, Research Triangle Park, NC.

1278

APPLICATION OF PBPK MODELING IN SUPPORT OF
THE RISK ASSESSMENT OF 1,1,1-TRICHLOROETHANE

J. E. Dennison, Y. Lu, M. Lohitnavy and R. S. Yang. Quantitative and
Computational Toxicology Group, Environmental & Radiological Health Sciences,
Colorado State University, Ft. Collins, CO.
To support the risk assessment of 1,1,1-trichloroethane (TCA) by the IRIS
(Integrated Risk Information System) Program at EPA, we integrated physiologically-based pharmacokinetic (PBPK) modeling into the risk assessment process for
TCA. Eleven published PBPK models were considered for reconstruction and seven
were reconstructed based on published information in the literature or model code
provided by the author. All PBPK models were written and simulated in ACSL.
DigiMatic was used to capture the experimental data from published papers. Of the
seven reconstructed models, two were selected for further evaluation based on a
number of criteria (e.g., quality of the study, the number of routes of exposure in
the model, extensiveness and quality of experimental data, similarity with other
available models). This final evaluation was performed by comparing simulation results against seven data sets (4 from laboratory animals and 3 from human studies)
selected for the evaluation. Based on the versatility of inter-route and inter-species
extrapolation and the consistency of model simulation as compared to the seven
data sets, the Reitz et al. (1988) model was selected to be the final model for supporting the risk assessment of TCA. Using this PBPK model, simulations were carried out based on the experimental conditions of a large number of human studies
and a chronic toxicity study in rats. Internal dose metrics for both humans and rats
were derived from PBPK model simulation based on the exposure scenarios associated with the specific studies selected. These internal doses are to be used in the
final risk assessment. The present study provides an illustration where the recon-

Markov Chain Monte Carlo (MCMC) analysis has become popular as a tool for
“calibrating” physiologically-based pharmacokinetic (PBPK) models used in
human health risk assessment. Because use of MCMC in this capacity is still relatively new, there are many unresolved questions regarding the implementation of a
MCMC analysis and how to appropriately use the results. Some investigators tend
to use MCMC as a “black-box” by allowing the program to reach convergence
without external guidance; others have constrained the program to avoid unrealistic
outcomes. Some of these questions include:
 Should a model be calibrated with the same data used for the initial model parameterization, and should initial model parameter estimates be used as the means for
the prior distributions?
 Should lower and upper bounds be placed upon the parameter distributions, and
if so, should they be based upon standard deviations or biological plausibility?
 Should all of the model parameters be re-estimated from the kinetic data?
 How should grouped data be used?
 How should the data hierarchy be structured?
 How should convergence of the chains be assessed?
 Should the posterior distributions from the analysis of experimental subjects be
used in a Monte Carlo analysis to calculate dose metrics for the general population,
and if so, how can additional data on the general population be incorporated?
Deciding how to handle these questions requires professional judgment as well as
experience. Risk assessments for dichloromethane (DCM) and perchloroethylene
(PERC) were recently conducted in which these questions, and how they might be
handled, were explored. The decisions made as to how to handle these questions for
DCM affected the results of the analysis as well as served as guidelines for the PERC
analysis. In these two case studies, the human dose metrics estimated with the calibrated models were smaller than the dose metrics used in earlier analyses.
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THE INFLUENCE OF DISEASE ON THE
TOXICOLOGICAL RESPONSE: ‘DISEASE MODEL
TOXICOLOGY’

M. Foster, S. W. Ernst, K. Hickling, G. J. Oliver and M. Graham. Global Safety
Assessment, AstraZeneca R&D Charnwood, Charnwood, United Kingdom.
Evidence-based risk assessment of novel therapeutics traditionally involves the
study of the toxicity phenotype against a normal (wild-type) background. However
the design of conventional toxicology studies takes no account of the presence of
disease on the toxicological phenotype. Whilst this conventional approach has merits in terms of relative benchmarking of putative toxicants, it does not allow for a rational assessment of toxicity in a target patient population. Many diseases, e.g.
chronic inflammatory disease, involve changes to metabolism and target organ phenotype, consequently it is plausible the presence of disease may modulate the toxicological response; we advocate this should be accounted for in preclinical testing of
new drugs. This so called ‘Disease-Model Toxicology’ should serve as a focus of new
research by the toxicologist. In support of research into novel anti-inflammatory
agents, we have profiled the toxicity of potential drugs in both ‘wild-type’ systems
and in acute and sub-chronic models of lung and articular joint inflammation. We
present two examples of novel compound profiles. In the first, a compound which
in conventional parallel toxicology and pharmacological evaluation demonstrated
no therapeutic ratio, when administered to animals in an articular joint inflammation model, showed a significant increase in therapeutic margin using bone marrow
hypoplasia and systemic cytopenia as the toxicological end-points. In the second,
the therapeutic margin was depressed in models of lung inflammation compared to
wild-type comparators using alveolitis as the end-point. In addition to the profiling
of toxicants in 2 inflammatory disease models, we also demonstrated reduced hepatic expression of major drug metabolising cytochrome P450 isoforms in rats with
inflammatory disease compared to the wild-type. We present a preliminary algorithm to assess the effects of inflammation on the toxicity phenotype in the organ
system of clinical interest and suggest how this data can be incorporated into drug
discovery regimes.

1282

SAFETY STRATEGIES IN DRUG DISCOVERY SUPPORT

S. W. Ernst, M. Graham, M. Foster, S. C. Boyer and G. J. Oliver. Global Safety
Assessment, AstraZeneca R&D Moelndal, Moelndal, Sweden.
Demands regarding safety of pharmaceuticals have never been higher than today.
Safety related attritions in clinical and pre-clinical development remain unacceptably high. Thus, most major pharmaceutical companies have implemented predictive safety methods already in the Drug Discovery (DDx) phase. However, most
new methods, mainly molecular biology based, failed to lead to significantly safer
candidate drugs (CD). We think this relates mainly to insufficiently validated
methods and underestimation of the “toxicological space”. As an alternative approach we present simple working procedures in DDx which have proved to be useful in raising the safety related quality of new CDs. Examples illustrate important
aspects at various different stages of DDx. In our view, Discovery Toxicology has
three principal goals: 1. Critical assessment of the selected pharmacological target
biology in health and disease 2. Optimization of chemical leads by predefined
safety criteria. 3. To provide the knowledge base for focused safety orientated clinical investigations. Initially, our approach employs the integrated processing of all
available literature iformation and focused experimental data with the aim to reject
unfavorable drug targets as early as possible. Then the attention turns to the identification and selection of attractive chemical lead series, a process in which we and
most other companies employ complex batteries of computational methods and in
vitro screening methods. Small dedicated rodent studies proved to be useful in the
identification of lead specific safety liabilities which then become endpoints for optimization in further lead development. The resulting CDs have to meet simple,
predefined safety criteria with the focus to maximize the chances for successful regulatory pre-clinical studies and first application to man. Of rapidly increasing importance is the experimental clinical assessment of new drug targets as a tool in
DDx. A generic example illustrates a supportive safety package for an explorative
Phase 0 clinical trial.

metabolites may be excreted, pass through waste water treatment facilities and enter
surface waters. Pharmaceutical products can also enter the environment from unused products being disposed of either into the sewerage system or in landfill sites.
In recent years, increasingly sensitive analytical techniques have been used to detect
trace levels of human pharmaceuticals and/or metabolites in waste water treatment
plant effluents and a variety of drinking water sources.
We have calculated acceptable daily intakes (ADI’s) for a number of
GlaxoSmithKline’s human pharmaceuticals and/or metabolites and have compared
these to estimated exposures from drinking water and fish consumption (accounting for bioaccumulation in fish when appropriate). The point of departure for determining the ADI was typically the minimum dose producing the intended pharmacological effect, which is assumed to be undesirable in the general population.
ADI values calculated were used to generate Predicted No Effect Concentrations
(PNEC’s) for adults and children.
Where available, maximum concentrations of pharmaceuticals reported in US and
European surface waters (MEC’s) were used to estimate potential exposures.
Predicted environmental concentrations (PEC’s) were estimated using computer
models (PhATE and GREAT-ER). Risk was characterised by calculating the ratio of
either the MEC or the PEC to PNEC’s for drinking water and/or fish consumption. Pharmaceuticals with ratios of less than 1 were presumed to present no appreciable human health risk.
In all cases, the ratio of MEC or PEC to PNEC observed supports the conclusion
that trace concentrations of pharmaceuticals in surface or drinking water are unlikely to present an appreciable risk to human heath.

1284

FEASIBILITY OF A TIERED APPROACH TO THE
STANDARD 28-DAY TOXICITY STUDY FOR
PHARMACEUTICAL INTERMEDIATES

B. K. Shipp1, D. W. Moore2 and C. S. Schwartz1. 1Pfizer Global Environment,
Health & Safety, Occupational Toxicology & Hazard Assessment, Pfizer Inc., New
York, NY and 2PGRD Global Environment, Health & Safety, Pfizer Global Research
& Development, Pfizer Inc., New London, CT.
We are interested in developing alternative testing methods that would reduce animal usage, amount of test compound, time, and cost. Our current standard for assessing the systemic toxicity of pharmaceutical intermediates (INT) is the 28-day
study (OECD 407). This study is typically preceded by a 7- or 14-day preliminary
study (PS) for dose selection. This analysis addressed the question: Is the PS predictive of the 28-day NOAEL, and if so, can the PS be used in a tiered approach to
evaluate hazards of the INT? We analyzed 28-day study data and OEL quotients for
30 INT from 15 synthesis pathways. Seven- or 14-day PS data were available for 23
and 7 INT, respectively. A 28-day NOAEL ≥150 mg/kg/day was observed for
24/30 INT (80%). This level yielded an OEL quotient ≥3 mg/m3 (= ACGIH TLV
for Particles Not Otherwise Specified (PNOS)) for 21/24 INT (87%; the remaining 3/24 OEL quotients ranged from 0.6-2 mg/m3). We therefore set the cutoff
NOAEL for this analysis at 150 mg/kg/day. Using PS data, we then confirmed theoretical “NOAELs” for the PS, and compared them against the established
NOAELs from the 28-day studies. Seven-day PS “NOAELs” ≥150 mg/kg/day were
associated with 28-day NOAELs ≥150 mg/kg/day for 17/17 INT (100%), and
OEL quotients ≥3 mg/m3 for 14/17 INT (82%). Fourteen-day PS “NOAELs”
≥150 mg/kg/day were associated with both 28-day NOAELs ≥150 mg/kg/day and
OEL quotients ≥3 mg/m3 for 5/5 INT (100%). Based on these findings, we developed a more robust “Fortified 7-Day Protocol” with increased sample size and expanded endpoints. This replaces the standard pre-OECD 407 PS and provides a 7day NOAEL. Thus our new tiered approach is either: the standard 28-day study
(OECD 407) when a regulatory driver applies (e.g., EU NONS); or, for compounds lacking a definitive regulatory driver, the new Fortified 7-Day Protocol followed by a 28-day study only if the Fortified NOAEL is <150 mg/kg/day.

1285

THE USE OF PROTON AND CARBON-13 NMR TO
IDENTIFY AND QUANTIFY COMPOUNDS FOR HIGH
THROUGHPUT TOXICITY SCREENING

S. Graves1, C. Smith2, J. Caffmeyer1 and W. Black1. 1Battelle, Columbus, OH and
2
NIEHS, Research Triangle Park, NC.

1283

ASSESSMENT OF THE POTENTIAL HEALTH RISK OF
HUMAN PHARMACEUTICALS IN THE ENVIRONMENT

S. P. Binks1, M. J. Olson2 and V. L. Cunningham3. 1Corporate Environment,
Health & Safety, GlaxoSmithKline, Ware, Hertfordshire, United Kingdom,
2
GlaxoSmithKline, Research Triangle Park, NC and 3GlaxoSmithKline, King of
Prussia, PA.
Pharmaceutical products are designed to cure and treat disease, help people be
healthy and increase life expectancy. However, they are not always completely absorbed or broken down by the body and residues of the parent compound or its
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Proton and carbon-13 nuclear magnetic resonance (NMR) spectroscopy were evaluated to determine their acceptability as a rapid analysis method to confirm the
identity and estimate the purity of large numbers of chemicals to be used in high
throughput toxicity screening by the National Toxicology Program. The selected
chemicals were those whose identities had already been confirmed and purities established by rigorous analyses using multiple techniques. They included high purity
chemicals, isomeric mixtures, and complex mixtures containing multiple impurities
with similar structures. The results of the evaluation indicated that many compounds, for example those with an exchangeable proton, could not be sufficiently
characterized with proton NMR alone. For the majority of cases, carbon-13 NMR

analysis as a supplemental analysis supplied appropriate confirmatory information
and was cost-effective. Samples with overall purities of 95% or higher or whose
overall composition was known (mixtures of isomers) can be successfully identified;
which is usually appropriate for screening efforts. A discussion of the general approach to conducting this screening by NMR and data comparing the purities obtained by NMR to the combination of other technique will be presented.

1286

CONTAMINATION OF CONTROL ANIMALS DURING
REGULATORY TOXICOLOGY STUDIES: AVOIDANCE,
ASSESSMENT AND CONSEQUENCES

L. K. Earl and S. Crome. Huntingdon Life Sciences, Huntingdon, United Kingdom.
Sponsor: C. Hardy.
In recent years, the EMEA has identified a number of toxicology studies within regulatory drug submissions with evidence of exposure of the control animals to test
article. Concern about the implications of this for the interpretation of the study results, and about the extent of exposure of controls when assessments were not done,
led the agency to issue a guideline on this topic which came into effect in
September 2005. This makes it mandatory to assess control animals for test article
exposure in all ‘pivotal’ nonclinical safety studies for submission in the EU.
A developing database of information from bioanalytical plasma samples collected
from control animals indicates that positive results are not restricted to the types of
study which would produce the greatest risk, i.e. dietary, dermal and inhalation exposure. One of the key objectives is the ability to distinguish between contamination of the animals and of the samples. This makes a substantial difference to the interpretation of the findings and to the quality of the study. In our laboratory, a
critical evaluation of procedures in the animal house and bioanalytical laboratory
has been performed to ensure that everything practically possible is done to avoid
contamination of control animal and samples and numbers of control samples
analysed are sufficient to distinguish between animal and sample contamination.
Environmental monitoring may be used to provide information on the inadvertent
spread of test article. However, the lack of developed analytical methods and the
delay in obtaining results present challenges in using the data to inform the interpretation and subsequent action. Positive results are investigated and their consequences for the study data assessed and included in the study report.

1287

CEREBROSPINAL FLUID PHARMACOKINETIC:
FLUOROSCOPY-GUIDED INTRATHECAL CATHETERS
FOR REPEATED SAMPLING IN BEAGLE DOGS

I. Dean1, S. Authier1, 2 and E. Troncy2. 1LAB. Preclinical Research, Laval, QC,
Canada and 2School of Veterinary Medicine, University of Montréal, St-Hyacinthe,
QC, Canada.
In vivo characterization of drug distribution to the brain remains unmatched when
compared to in vitro methods. Cerebrospinal fluid pharmacokinetics is important
for neuropharmaceuticals that act in the central nervous system. Durotomy at the
level of the cisterna magna with insertion of temporary catheters is often associated
with clinical signs in canine models in part due to the degree of mobility of the
spine at this site. Lumbar placement of intrathecal catheters is preferred due both to
the reduced mobility of the site and because adjacent neurological structures are less
likely to cause significant clinical signs than those in the cervical area. A method of
fluoroscopy-guided lumbar intrathecal catheterization was assessed in eight (8)
Beagle dogs. The procedure was performed using a short inhalant anesthesia (isoflurane) with appropriate analgesia. Fluoroscopy imaging permitted precise evaluation
of lumbar vertebra anatomy, which facilitated spinal needle positioning and durotomy. Radio-opaque three eyes closed end catheters with filters were used with a
collection port secured in a jacket. Catheters were kept for a period of 14 days after
anesthesia. Patency was confirmed twice daily by collection of 1mL samples. In
conclusion, fluoroscopy is a useful imaging modality for placement of lumbar intrathecal catheters.

1288

SHORT-TERM EEG RECORDING IN CONSCIOUS
MONKEYS: COMPARISON OF NEEDLE ELECTRODES
TO SURFACE ELECTRODES EMBEDDED IN A CAP

K. Beard, M. Vezina and C. Copeman. Toxicology, Charles River Laboratories
Preclinical Montréal, Senneville, QC, Canada.
Interest in drugs targeting the CNS has increased as the general population ages.
Although not a core battery component of ICH S7a, the usefulness of EEG is more
apparent as an early screening tool to detect effects on brain activity for CNS-targeted drugs. Short-term EEG recording in animals traditionally uses needle electrodes placed percutaneously in the scalp. For conscious monkeys, the insertion of
the needles can be stressful and uncomfortable. As well, concern for health/safety of

the monitoring personnel due to the possibility of infectious needle stick injury
prompted development a Lycra cap with an array of perforations to receive surface
electrodes. Commercially available Ag–AgCl electrodes equipped with studs to
penetrate the fur can be placed within the array to obtain the desired configuration.
Conductive gel, applied via a hole in the center of the electrodes, was used to enhance electrode-skin contact. Previously acclimated animals were restrained in a
chair and EEGs recorded using a BIOPAC™ MP-150 amplifier for 10-25 minutes. Three bipolar leads; fz-cz, cz-t2 and o1-o2, covering the frontal, temporal and
occipital regions were respectively employed to detect EEG signals. A positive control, ethanol, was administered via oral gavage and the subsequent variation in electrical activity was equally detectable via the two systems. Additional examination of
the data revealed comparable incidence of interference/artifact caused by movement of approximately 30%. Physical advantages of the electrode cap vs the needle
electrodes included elimination of potential needle stick injuries, reduced discomfort to the animal and enhanced ease and speed of electrode positioning. The incidence of interference or artifact and quality of the signal were similar between the 2
systems. Given the physical advantages of the cap over the needles it was considered
the EEG electrode cap was superior.

1289

COMPARISON OF SHORT-TERM EEG RECORDINGS IN
CONSCIOUS DOGS AND NON-HUMAN PRIMATES

K. Tenneson, M. Vezina and C. Copeman. Toxicology, Charles River Laboratories
Preclinical Montréal, Senneville, QC, Canada.
The electroencephalogram (EEG) consists of a set of electrical signals that are commonly detected via electrodes placed on or in the scalp. The pattern of these signals
are reflective of brain activity and can be correlated with certain vigilance states and
also to detect drug effects on the CNS. However, recording EEG from different
species in the conscious state presents different challenges. Monkeys and dogs were
acclimated to restraint in a chair and sling, respectively, prior to recording baseline
EEGs. Surface electrodes (monkey cap system) or subcutaneous needle electrodes
were configured to record bipolar leads fz-cz, cz-t2 and o1-o2, covering the frontal
temporal and occipital regions. EEGs were recorded for 10-minute epochs at least
twice for baseline measurements and again following oral alcohol administration
during the absorption phase through a BioPac MP150 system. Baseline measurements revealed movement artifacts of approximately 30% and 20% for monkeys
and dogs respectively, which was not unexpected for conscious, restrained animals.
Despite this incidence, sufficient data remained within the epoch to allow for interpretation. This background incidence was reduced somewhat following alcohol
treatment, likely due to a sedative effect. Additionally in dogs, care must be taken
when inserting the t2 electrode to avoid contact with the prominent temporalis
muscle and resulting EMG artifact (not an issue with monkeys). Individual variation was evident in both species, however, evaluation of the power spectrum did reveal increases in the theta and alpha frequencies following acute alcohol administration. In conclusion, the surface (cap) and needle electrodes were suitable to detect
changes on the EEG in both monkeys and dogs, respectively, following oral administration of alcohol.

1290

TWO EXPERIMENTAL SCREENING MODELS OF
RETINAL DEGENERATION IN THE LONG EVANS RAT

M. Vezina, A. Patel and C. Copeman. Toxicology, Charles River Laboratories
Preclinical Montréal, Senneville, QC, Canada.
Retinal diseases are becoming more prevalent as the general population ages as is
the development of novel therapeutics designed to prevent or treat these disorders,
creating a need for preliminary screening and proof of concept studies. In our laboratory, two of the more common screening models for efficacy against wet AMD or
diabetic retinopathy were validated. The model for wet AMD was based on laserinduced choroidal neovascularization (CNV). An 810 nm diode laser was used to
create 4 lesions around the optic disc in both eyes of 10 female Long Evans rats.
Females were chosen based on published evidence that estrogen has an augmentative effect on the development of CNV. Spot size was approximately 100 µm, exposure was 0.05 seconds at 250 mW or more. Fundus examinations and fluorescein
angiograms (FA) were conducted weekly for 6 weeks. The FA’s were scored on a 4point scale. Evidence of leaky vessels (CNV) at the site of laser lesion was present as
early as 1 week after photocoagulation and peaked to between approximately 2 and
4 weeks after which it diminished but remained visible at 6 weeks. Approximately
75% of the lesions resulted in CNV. The diabetic model of retinopathy involved IP
of 65 mg/kg streptozotocin (STZ) in 10 male Long Evans rats. Blood glucose levels
were measured prior to testing, the day following STZ administration and weekly
for 8 weeks. Fundus examinations,(ERG)and FA’s were also conducted predose and
weekly post dose. Glucose was elevated the day following injection and remained
elevated over the course of the observation period. ERG amplitudes were diminished as early as 1-2 weeks post dose. FA’s revealed circulatory changes compared to
predose approximately 2 weeks through to 8 weeks post dose as well as general leakage throughout the retina. Both the physically and chemically induced methods
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demonstrated degenerative effects on the retina. Compounds countering neovascularization can be screened with the goal to prevent or reduce these effects, however,
compound activity may influence the results of one or the other.

1291

MULTIPLE-ENDPOINT CYTOTOXICITY AND
GENOTOXICITY ASSAY IN MOUSE L5178Y CELLS
WITH LIMITED COMPOUND REQUIREMENTS

L. Recio1, M. Kehl1, J. Winters1, C. Baldetti1, E. Livanos1 and P. Richter2.
1
Genetic Toxicology, ILS, Research Triangle Park, NC and 2Office on Smoking and
Health, CDC, Atlanta, GA.
Chromosomal aberration assays used in the standard genetic toxicology battery use
gram quantities of test article and significant amounts of personnel time and resources. The in vitro Comet and micronucleus assays are ideally suited as potential
rapid screens for DNA and chromosomal DNA damage in mammalian cells and
can identify unacceptable compounds early in development. The ILS genetic toxicology program has established a limited-compound requiring (≤ 50 mg) mediumthroughput in vitro assay that enables the determination of 2 genotoxicity endpoints in the same exposed cell culture, DNA damage by the Comet assay and
micronucleus induction. Briefly, cell cultures at approximately 5x105/ml are exposed to 8 or 12 concentrations of test article in 24-well dishes. After addition of
the test article to an initial well, serial dilutions of the exposed culture are used to
produce 1.5 to 2.0 fold differences in exposure concentrations between wells. After
termination of exposure the test article aliquots are removed for the assessment of
ATP levels as a measure of cytotoxicity and the Comet assay as a measure genotoxicity. The remaining cell culture is allowed to grow for 20-24 hrs to collect cells for
micronucleus determination and to determine cell population counts as a measure
of cytotoxicity for the micronucleus assay. This design enables the assessment of
two complimentary genotoxicity endpoints and two measures of cytotoxicity under
the same test article exposure conditions. Initial studies have employed the L5178Y
mouse lymphoma cell line and a series of positive controls for conditions with S9
(benzo(a)pyrene and dimethylnitrosoamine) and without S9 (ethyl methanesulfonate and mitomycin C). The methods used for the development of this assay are
amenable to many other cell types and for automation.

1292

INTRANASAL ADMINISTRATION TECHNIQUES FOR
RODENTS AND LARGE ANIMALS

W. Lee, A. Viau and C. Banks. Toxicology, Charles River Laboratories Preclinical
Montréal, Senneville, QC, Canada.
Choice of the route and technique of administration is generally based on several
factors, including the physicochemical properties of the drug, formulation to be
used, therapeutic indication, and the target species. Many drugs [i.e. anti-asthma,
vaccines, anti-RSV, anti–pain, insulin, anabolic agents (corticosteroids)] today are
being modeled to be more efficient (fast acting) while reducing systemic toxicity.
An ideal route of administration is the intranasal route. This investigation included
the techniques used for intranasal exposure to rodents (mice and rats), rabbits and
large animals (dog and monkeys). For rats, a precalibrated micropipette is used and
a volume ranging between 5 and 20 uL is given per naris. For mice, the same procedure is followed, however the volumes administered range between 4 and 10 uL.
Multiple doses up to 8 doses/day separated by 1 hour are typically performed.
Rabbits are usually given 50 uL per naris using either a micropipette or modifying
a nasal spray device intended for clinical usage. For large animals, the clinical device
or a commercially available spray pump/device is used. For dogs, dose volumes
range from 50 to 100 uL per naris at each administration while for monkeys, 50 uL
is delivered per naris. Doses have been given at 1 hour intervals up to 4 doses/day.
Volumes administered per nostril are optimal since reflux caused by sneezing
and/or struggling is kept to a minimum. All animals are acclimated to the intranasal
dosing procedures by exposing them to the dosing device with 0.9% Saline during
the last 3 days prior to initiation of treatment. These procedures have been used
successfully on several toxicology studies in support of clinical trials ranging from
acute to chronic (up to 26 weeks in rat and dogs and up to 39 weeks in non-human
primates).

1293

METHOD FOR REPEATED INTRAVESICULAR
INSTILLATION OF TEST ARTICLE IN TOXICOLOGY
STUDIES

W. Ruddock, S. Vachon and G. Washer. ITR Laboratories Canada Inc., Baie
d’Urfe, QC, Canada.
Instillation into the urinary bladder is employed in humans as a means of administering protective agents (e.g. Heparin) or anti-inflammatory drugs (e.g. DMSO) directly to the bladder. Animal studies to evaluate efficacy and safety of such products
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require similar procedures. Animal welfare concerns, anatomical differences and logistical issues make such studies challenging, though not unfeasible. Our laboratory
has conducted up to twice weekly intravesicular instillation, for 6 weeks, in 24
Beagle dogs.
Catheter introduction was performed in conscious dogs. In rare instances dogs exhibited signs of discomfort. In such cases a sedative (acepromazine) was administered. A new sterile Foley catheter (5 to 8 french) was inserted into the bladder via
the urethral opening. Passage of urine from the catheter confirmed correct placement. Thereafter the balloon was inflated using sterile water and the catheter was
withdrawn to seal the urethra. The bladder was drained of urine (gentle suction
with a syringe was used as necessary). Test formulations were slowly introduced at
dose volume of 40 mL (independent of body weight). This dose volume compared
favorably to clinical volumes which can be in the region of 50 mL. Due to minor
distress and bleeding noted during initial attempts, the rate of administration was
reduced. Thereafter complications were minimal. On each dosing occasion the
fluid was held in the bladder for 1 hour and was then removed as mentioned above.
Instillations were repeated on 9 occasions in 6 weeks.
Saline-treated animals (N=6) showed no adverse changes in clinical condition,
body weight, food intake, hemograms, coagulation or serum chemistry, indicating
that the procedure was without notable effects on these parameters. Urinalysis results showed increases in bilirubin and cellular content, but these were regarded as
minor alterations related to the procedure. Although there were minor procedurerelated inflammatory changes in the bladder, these occurred at a relatively low
severity and showed resolution in animals held for a 4-week recovery period after
the last dose.

1294

5-BROMO-2’-DEOXYURIDINE DELIVERY METHOD
INFLUENCES LABELING OF RAT NASAL EPITHELIUM
CELLS

M. F. Struve, S. A. Bumgardner, E. A. Gross and D. C. Dorman. Biological
Sciences, CIIT Centers for Health Research, Research Triangle Park, NC.
5-Bromo-2’-deoxyuridine (BrdU), a thymidine analog, is incorporated during the S
phase of cell replication and labels dividing cells. BrdU is administered by a variety
of routes including intraperitoneal injection, drinking water (DW), or subcutaneous delivery via osmotic minipumps (OMP), time-release pellets (TRP), or injection. This study determined whether OMP, TRP, or DW administration of BrdU at
equivalent delivered doses (~20 mg BrdU/rat) provide equivalent estimates of nasal
respiratory and olfactory epithelial cell proliferation. A higher dose of BrdU in DW
designed to give approximately 80 mg BrdU/rat was also used. Male 8-10 week old
F344 rats were orally dosed with chloroform (400 mg/kg/day) for four days in
order to stimulate cell proliferation in the nasal epithelium. Ten rats were implanted
with OMP, 5 rats were implanted with TRP, 10 rats were given DW containing 0.2
g BrdU/L (5 for 24 h/day; 5 for 16 h/day), and 5 rats were given DW containing
0.8 g BrdU/L for 16 h/day. BrdU was administered for 3.5 days; afterwards, rats
were killed and sections of nose and duodenum were collected, processed, and
stained immunohistochemically for BrdU. There were no significant differences in
water consumption between animals given BrdU in DW for 16 h/day versus 24
h/day, or between animals given low versus high BrdU in DW. Labeling of nasal epithelial cells was affected by the route of administration and DW dose, with highest
labeling seen in animals given BrdU via either an OMP or given 0.8 g/L BrdU in
DW. Less distinct labeling of nasal epithelium occurred with low-dose DW and
TRP administration. All of the methods gave satisfactory results for labeling replicating cells in the duodenum. Since high-dose DW gave similar staining quality as
use of OMP, and it reduces the stress on the animals by eliminating the need for
anesthesia and surgery, it may be the preferred method for quantitative analysis of
cell replication in the slowly dividing nasal respiratory and olfactory epithelium.

1295

ASSESSMENT OF LIVER TOXICITY FOR REGULATORY
PURPOSES

J. Schulze2 and C. Siegers1. 1Department of Experimental and Clinical
Pharmacology and Toxicology, Luebeck, Germany and 2Office of the Dean,
Frankfurt/Main, Germany.
On two recent occasions in Germany drug regulatory decisions for herbal drugs
(kava kava, chelidonium extracts) have been based on hepatotoxicity as suspected
adverse effects. These decisions have been contested on the ground that adverse effect attributions have not been based on scientific evidence but mainly on time coincidence. Pathologically elevated or decreased hepatic parameters are common, especially among patients, with GOT or GPT increases observed in up to 1/3 of all
outpatients. For hepatotoxicity as drug effect two principally different modes of actions can be separated with relevance to incidence and population risk. For liver
damage exerted by toxic mechanisms (i.e. direct reaction of a drug or its metabolites) only an increase in liver damage (e.g. GPT, GOT increase, coagulation de-

crease) should be taken as proof for a causal correlation. The detection of elevated
enzymes at the time of hospitalization alone cannot be sufficient. Additionally, in
the cohort of affected patients a dose response correlation should be observed.
Idiosyncratic liver damage on the other hand is dependent upon antibodies or
leukocytes specifically reacting with drugs or drugs bound to liver membranes. In
both cases the presence of specific antibodies or immune cells can be proven by
rather simple laboratory methods (antibody binding, lymphocyte proliferation).
The presence of specific reaction in either of these tests strongly suggests immunologically mediated mechanisms whereas the absence does not necessary rule out immunologically mediated hepatotoxicity. Whereas toxic liver damage may be limited
by intake limitation, restricting daily intake is no preventive strategy for idiosyncratic reactions. Whether or not regulatory actions should be taken ought to be
based on proven (or likely) causal association indicated by the parameters given
above; also the availability of safer therapeutic alternatives should be considered in
a risk benefit analysis.

1296

TACRINE HEPATOTOXICITY IN RODENT MODELS
1

D. Evans , A. Dahly-Vernon1, N. Cozzi1, S. Nye1, Y. Harrington1, J.
O’Connor1, A. Wittenburg1, S. Korb1, H. Vernon1, J. Baye1, L. Lapczynski1,
R. Roman1, 2 and H. Jacob1, 2. 1PhysioGenix, Milwaukee, WI and 2Medical College
of Wisconsin, Milwaukee, WI.
PhysioGenix has developed a novel combinatorial breeding strategy for rats to combat the problem in drug discovery today, where over 90% of drugs fail in clinical
trials. This panel, called the PharmGenix™ panel, captures over 80% of the genetic
diversity found in the rat genome, thereby emulating the genetic diversity found in
the human population. Tacrine, a drug that has been found to cause hepatotoxicity
in a small percentage of the human population, was tested in the PharmGenix™
panel. A single dose of tacrine (35 mg/kg) was administered to six individuals from
each of six hybrid PharmGenix™ strains and to the pharmaceutical industry standards, the outbred Sprague-Dawley (CD-IGS), and the inbred Fisher 344 (CDF)
strains. After 24 hours, rats were euthanized and serum was collected for analysis of
alanine transaminase (ALT) and aspartate transaminase (AST) levels, as indicators
of hepatotoxicity. Tacrine did not significantly elevate ALT levels in either the CDIGS or CDF strains when compared to vehicle. However, in the PharmGenix™
panel, there were significant ALT elevations in five of the six strains. These strains
displayed elevations in ALT levels ranging from 111% to 142% of control values,
indicating potential hepatotoxicity. AST levels in the PharmGenix™ panel ranged
from 621% and 1069% of control values compared to CD-IGS and CDF which
only exhibited increases in AST levels of 82% and 174%, respectively. This data
suggests that a genetic component underlies the development of tacrine toxicity
and that the rat models used by the pharmaceutical industry are not always predictive of drug toxicity due to limited genetic diversity. Furthermore, the increased reproducible genetic variation in the PharmGenix™ panel generates critical information that was missed in the industry-standard rats.

1297

NORMAL PHYSIOLOGICAL AND PATHOLOGICAL
VALUES FOR THE SINCLAIR MINIATURE SWINE

H. J. Peeper1, J. Liu Ph.D1, L. Brown DVM, Ph.D1, B. MacPherson Ph.D2, E.
Lynch Ph.D2, J. Kil MD2 and G. F. Bouchard DVM MS DACT1. 1Sinclair
Research Center, Auxvasse, MO and 2Sound Pharmaceuticals Inc., Seattle, WA.
The range of variability of biological parameters of a test system is an intricate requirement for research, and particularly, toxicology studies. The Sinclair Miniature
Swine (SMS) developed by the Hormel Institute and currently produced by the
Sinclair Research Center Inc. (SRC) have been used by toxicologists for many
years. Their small body weight, ease of handling, and close physiological similarities
to humans have made them an excellent research model, particularly in toxicology.
In an effort to produce a database on baseline information about the normal physiological status of the Sinclair miniature swine, we cumulated physiological data
from normal intact and naïve three-month-old Sinclair miniature swine of both
genders. The normal physiological data gathered includes hematology, blood chemistry, coagulation profile, ophthalmology findings, ECG rhythm and segment intervals, relative and absolute organ weights, and pathology findings. The appropriate statistical analysis was performed on each set of data. These data offers mean,
standard deviation and ranges for each specific parameter studied. Considering the
massive amount of raw data collected, the data is tabulated and summarized in a
poster to be distributed to interested scientists. In addition, SRC generated a normal growth curve for the first year of life of the Sinclair miniature swine using several thousand body weights from normal naïve animals from SRC. These animals
were raised in an AAALAC accredited facility and distributed to biomedical research facilities exclusively.

1298

GENETICALLY DIVERSE RATS DETECT CLOFIBRATE
TOXICITY

J. O’Connor1, N. Cozzi1, Y. Harrington1, S. Nye1, A. Dahly-Vernon1, D.
Evans1, A. Wittenburg1, S. Korb1, H. Vernon1, J. Baye1, L. Lapczynski1, R.
Roman1, 2 and H. Jacob1, 2. 1PhysioGenix, Milwaukee, WI and 2Medical College of
Wisconsin, Milwaukee, WI.
The discovery of latent drug toxicity after successful preclinical trials is due in part
to the lack of genetic diversity in animal models. To address this, PhysioGenix has
developed a unique panel of rats combinatorially bred from inbred parental strains
which capture over 80% of the genetic diversity found in the rat genome.
PharmGenix™ rats emulate the genetic diversity and heterogeneous genome found
within the human population making for easier detection of idiosyncratic drug toxicity. To demonstrate the sensitivity of a PharmGenix™ panel, we tested the fibric
acid derivative clofibrate. Fibric acid derivatives are hyperlipidemic agents known
to have hepatotoxic side effects in a small segment of the human population.
Clofibrate was administered (250 mg/kg) to outbred CD-IGS, inbred CDF, and a
PharmGenix™ panel for six days. At the end of the study, serum was collected and
cholesterol, alanine transaminase (ALT), and aspartate transaminase (AST) levels
were measured. While clofibrate significantly reduced cholesterol in CD-IGS by
13% (P < 0.001, n = 29) and CDF by 29% (P < 0.001, n = 8), cholesterol in the
PharmGenix™ panel was reduced by varying degrees (9% - 29%, n = 8 per strain),
with four of the six strains being significantly different from control (P < 0.001).
Small increases in ALT were observed in the CD-IGS (5%) and in two
PharmGenix™ strains (8%-10%). One PharmGenix™ strain displayed a 30% elevation in ALT (P < 0.01). AST levels were decreased by 17% in the CD-IGS (P <
0.05), 21% in the CDF (not significant), and exhibited a trend similar to ALT levels in the PharmGenix™ panel. Both the differential efficacy and variable hepatotoxicity detected in the PharmGenix™ panel resemble results seen in the human
population and emphasize the importance of having a method for testing drug
compounds across a variety of genome backgrounds.

1299

OCCUPATIONAL HAZARD DETERMINATION:
MUTAGENICITY OF ISOLATED INTERMEDIATES IN
DRUG SYNTHESES

M. J. Olson1, F. J. Guerriero2 and C. W. Seaman3. 1Corporate Environment Health
and Safety (CEHS), GlaxoSmithKline, Research Triangle Park, NC, 2CEHS,
GlaxoSmithKline, King of Prussia, PA and 3CEHS, GlaxoSmithKline, Ware,
Hertfordshire, United Kingdom.
Medicinal chemistry uses a variety of reactive materials to construct drug substances. Use of, for example alkylating agents and materials with reactive N substituents, presents the potential for occupational hazard, especially when drug manufacture requires large volumes of such reactants. At GSK a tiered system of
screening has been adopted to assist in hazard identification, prioritization of testing, and workplace exposure control for potentially genotoxic materials in pharmaceutical syntheses. In very early product development, evaluation employs qualitative SAR (DEREK, Lhasa, Ltd.) followed by test in the SOS/umu and bacterial
fluctuation screening assays (collectively referred to as HTS). Later in product development, materials are submitted for the Ames, L5178Y TK+/- and one of several
in vivo genetic toxicity assays. This presentation focuses on a retrospective evaluation of SAR predictions against HTS results as a means to better understand how to
effectively use combinatorial evaluation in genotoxic hazard evaluation for pharmaceutical syntheses. Experience with assessments of >1000 individual materials used
as synthetic intermediates or starting materials showed that about 20% triggered a
DEREK rule for potential mutagenicity. Of these, only ca. 25% produced a positive (i.e., mutagenic) result in one of the HTS evaluations. However, concordance
improved markedly (to about 65%) when DEREK outcomes were refined by discounting predictions for materials in which potentially reactive moieties are not accessible for biological interaction (e.g., covalently bound in the molecular structure). Chemicals with SAR-predicted mutagenicity and at least one positive HTS
result segregated into only a few structural classes. DEREK identification of potential mutagenicity of alkylating agents, nitroaromatics, epoxides, quinolines, and
aryl hydrazines was generally accurate when compared to HTS results. However,
predictions involving amines proved much less accurate.

1300

UTILITY OF TOXICOGENOMICS IN THE
ELUCIDATION OF THE HEPATOTOXIC MECHANISM
OF A DISCONTINUED DRUG CANDIDATE

C. Thompson and A. Roberts. DSE, Sanofi-Aventis Pharmaceuticals, Bridgewater, NJ.
Toxicogenomics offers the potential to investigate mechanisms of toxicities encountered during preclinical and/or clinical development of drugs. This poster describes
toxicogenomic (TGx) analysis and subsequent mechanistic investigation of a pharmaceutical development candidate, “Compound X”, that was terminated in clinical
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trials because of hepatotoxicity. Male rats were exposed to Compound X at 20 or
200 mg/kg/day for 6, 24, or 120 hours. Hepatic gene expression profiling was performed using Affymetrix RG U34 GeneChip arrays. Genes demonstrating statistically significant expression alterations were identified using Rosetta Resolver 5.0.
Comparison of the expression profile to a commercially available gene expression
database (Gene Logic) of known hepatotoxicants identified Compound X as potentially toxic. Multiple genes involved in Phase I and II detoxication and antioxidant
pathways were markedly dysregulated following high dose exposure to Compound
X. In addition, down regulation of multiple transcripts in energy utilization pathways was observed. Mechanism-based inhibition studies of CYP3A demonstrated
that, despite an increase of CYP3A transcript and protein expression, there was decreased CYP3A-dependent testosterone 6β-hydroxylase activity following
Compound X treatment, suggesting generation of a reactive intermediate capable
of covalently binding to CYP3A. In addition, treatment of the H4IIe hepatoma cell
line with Compound X resulted in increased production of superoxide radicals,
consistent with the antioxidant transcriptional response observed in the liver. These
results were corroborated in vivo using transgenic mice engineered to express a reporter gene in concert with an oxidative stress response. This study illustrates the
value of TGx in identifying the potential for toxicity early in the drug development
process.

1301

VALIDATION OF A NEUROLOGICAL ASSESSMENT
PANEL, INCLUDING THE MODIFIED IRWIN TEST
AND THE FUNCTIONAL OBSERVATIONAL BATTERY
(FOB) IN SPRAGUE-DAWLEY RATS

C. Petit-Turcotte, S. Authier, S. Fournier, F. Chaurand, A. Zerouala and I.
Dean. LAB. Pre-Clinical Research International Inc., Laval, QC, Canada.
The evaluation of a compound’s potential for neurotoxicity is an important part of
the safety pharmacology core battery. Based on current practices in the industry and
in accordance with FDA Guidelines, we have combined elements of the Modified
Irwin and Functional Observational Battery (FOB) neurological assessments, and
evaluated and validated a combined series of parameters to evaluate the neurotoxic
potential of a given drug. This was achieved by evaluating peripheral and central
nervous system integrity, motor activity, and learning, both qualitatively and quantitatively. The validation was performed in 4 steps. In order to minimize inter-analyst variability due to subjectivity of interpretation, the technical staff was allowed
to familiarize themselves with the various apparatus involved, parameters included
in the evaluation, as well as the associated documentation, using normal Sprague
Dawley rats, under supervision by the Clinical Veterinarian and the Study Director.
Subsequently, various neurological effects were demonstrated using 3 drugs
(Acepromazine, d-amphetamine, physostigmine and a Saline Control), in order to
establish our internal standard. This step was then repeated, where technicians
were blinded to which drugs the animals had received, in order to evaluate their
proficiency at correctly evaluating the observed responses. Each technician was required to randomly evaluate 16 animals (4 animals/drug). Finally, the quantitative
aspects of the FOB were evaluated using the same 3 drugs and Buprenorphin (for
its known analgesic effects). The data obtained was subjected to calculation of
cross-correlation coefficients (Pearson’s) and a correlation coefficient of 0.85 and
above was considered acceptable. This panel is considered satisfactory to assess the
neurotoxic potential of a given compound.

1302

VALIDATION OF METHOD FOR ASSESSING LOCAL
TOLERANCE OF INTRAVENOUSLY ADMINISTERED
PHARMACEUTICAL AGENTS FOLLOWING FIVE DAILY
ONE HOUR INFUSIONS IN RABBITS

S. Goel, C. Moore, E. Chacon and L. Carter. Covance Laboratories Inc., Vienna,
VA.
Local tolerance studies are conducted in rabbits to evaluate safety of pharmaceutical
following exposure that mimic the route of intended clinical use in humans. Most
often such studies are conducted following a single administration. Because the intended clinical use often requires repeated administration of a pharmaceutical
agent, regulatory agencies are requesting local tolerance testing to be conducted
using the intended clinical regimen. The objective of this study was to validate a
method for conducting intravenous local tolerance studies with pharmaceutical
agents administered daily by one hour infusion for five consecutive days in rabbits.
Three male rabbits were acclimated to a restricted activity holder for one hour per
day for three consecutive days. Following acclimation, the rabbits were dosed intravenously by continuous infusion for one hour per day for five consecutive days. The
animals were infused with 0.9% saline at a dose rate of 0.4 mL/kg/hour using an infusion pump and a catheter inserted into a marginal ear vein. Animals were scored
daily using Draize technique for erythema and edema prior to dosing and at 15, 30,
and 120 minutes post dose. All animals were euthanized on the sixth day. Ears were
collected at necropsy for histopathologic examination. Daily one hour intravenous
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infusions for five consecutive days were well tolerated. The primary dermal irritation index scores ranged from non-irritating to slightly irritating. This study confirms the feasibility of multiple dose local tolerance intravenous infusion studies to
support applications for regulatory submissions of pharmaceutical agents.

1303

VALIDATION OF A SURGICALLY CANNULATED
MOUSE INTRAVENOUS INFUSION MODEL

O. P. Green, D. Patten and A. Camacho. Toxicology, Huntingdon Life Sciences,
Huntingdon, United Kingdom.
The objective of this work was to perfect the surgical procedure for implanting a
permanent cannula into the posterior vena cava via the femoral vein of a mouse.
Then to connect the exteriorised cannula from the conscious mouse to an exterior
infusion device and test article reservoir thereby allowing continuous, controlled intravenous delivery for up to 24 hours per day. Details will be presented of the surgical procedure and equipment used together with the subsequent problems arising
during the maintenance of the model. The study was performed in two phases:
The first phase involved the validation of the surgical procedure and a post-surgical
infusion period during which various rates and volumes of 0.9% NaCl infusion delivery were explored to examine accuracy of dose accountancy in the model. In addition the longeveity of the model was examined wth the principle objective of attaining 28 days of continuous intravenous delivery.
The second phase involved the infusion of a biophamaceutical for which kinetic
data was generated at intervals during the study.
From both phases, pathological data was produced in order to investigate the potential effects of vascular fluid overload on the major organ systems in this species
over the duration of continuous intravenous infusion that could be practically
achieved. The data presented will demonstrate the potential value of this technique
of drug delivery in mice particularly in the biopharmaceutical and ant-cancer therapy fields.

1304

VALIDATION OF THE MEASUREMENT OF
RESISTANCE AND COMPLIANCE IN THE CONSCIOUS
RAT

M. J. Stonerook, S. A. Behringer and J. P. Smith. Safety Pharmacology, Battelle,
Columbus, OH. Sponsor: M. Hejtmancik.
The follow-up respiratory studies in the ICH S7A Guidelines recommend measures
of airway resistance and compliance. Historically, measuring these parameters were
typically limited to anesthetized animals, particularly in rodent models due to the
invasiveness of the procedures required. The purpose of this study was to validate
the use of telemetered (DSI) intra-pleural pressure (Murphy et al. 1998) in conjunction with a flow-based plethysmograph in order to measure airway resistance
(RL) and dynamic compliance (Cdyn) in the Sprague-Dawley rat. Four male and
four female SD rats (age 10 to 12 wks) were implanted for pleural pressure measurement and subsequently trained to four hours restraint in a Cannon-style restraint tube. The tubes were placed within a novel plethysmograph designed to
measure respiratory flows simultaneously with pleural pressures. The rats were exposed to the following compounds as positive and negative controls for changes in
RL/Cdyn: 8% CO2 by inhalation, 1 or 20 mg/mL methacholine (MCh) by inhalation, 30 mg/kg i.p. morphine, and 30 mg/kg p.o. baclofen. CO2 exposure resulted in increased rate and MV with no change in RL/Cdyn. The 1 mg/mL MCh
group had slight declines in Cdyn (~25%) with no change in RL. The 20 mg/mL
MCh group had RL increased by 300% and Cdyn decreased by 50%. Morphine
produced mild declines in rate and volumes with no change in RL/Cdyn. Baclofen
had increased TV (200%) with a decline in rate, but no change in RL/Cdyn. These
results validated the sensitivity and specificity of this plethysmograph/telemetry design to detect respiratory changes.

1305

A VALIDATION FOR RESPIRATORY SAFETY
PHARMACOLOGY ASSESSMENT IN ANESTHETIZED
RATS

J. Bassett, J. Johnson, R. D. Jones and F. Lucas. Toxicology and Pharmacology,
Ricerca Biosciences, LLC, Concord, OH.
The effects of theophylline, morphine and a combination of theophylline and morphine were investigated to validate the respiratory safety assessment equipment and
to investigate the combined effects of theophylline and morphine. A catheter was
placed into the esophagus of anesthetized male Sprague-Dawley rats to measure
esophageal pressure, and a cannula was placed in the trachea to facilitate spontaneous breathing while pulmonary function was monitored using a whole-body
plethysmograph. The animals were allowed to stabilize for 5 minutes prior to ad-

ministration of a single intravenous dose of theophylline at 10 mg/kg body weight,
morphine at 10 mg/kg body weight or a combination of theophylline and morphine at 5 mg/kg body weight for each component. Following test article administration, data was collected continuously for 30 minutes and was averaged at fiveminute intervals. Tidal volume was obtained from an integration of the respiratory
flow signal. Changes in airway resistance and dynamic compliance were calculated
on a breath-by-breath basis from intrapleural pressure, tidal volume and airflow rate
measurements. All data acquisition and calculations were performed by a validated
BUXCO Pulmonary Mechanics Computer system.
Theophyline showed the expected increase in respiratory rate, tidal volume and
minute volume while morphine resulted in an initial increase in respiratory rate followed by depression. Tidal volume and minute volume were also depressed. The
combination of drugs resulted in an initial rise in respiratory rate followed by a return to approximately predose values. Tidal volume and minute volume showed
very little change after the combination of drugs. In conclusion, we have demonstrated the suitability of this respiratory safety assessment equipment to detect
changes in respiratory parameters to fulfill safety pharmacology requirements.

1306

VALIDATION OF AN AUTOMATED IN-VITRO
MICRONUCLEUS ASSAY IN CHO-K1 CELLS

D. Diaz. Toxicology, Cerep, Redmond, WA.
Approval and registration of drugs requires a comprehensive assessment of their
genotoxic potential. In recent years, genetic toxicity testing has moved towards the
earlier stages of drug discovery in order to identify genotoxicity liabilities as soon as
possible. The in-vitro micronucleus assay is a widely used screening test which
shows a high level of concordance with regulatory chromosomal aberration assays.
Traditionally, micronucleus detection is done through manual reading of slides. We
describe the validation of an automated method for in-vitro micronucleus analysis,
using 96-well plates and automated image analysis. The advantages of this method
(small amount of compound required, rapid turnaround times, and objective/consistent scoring) make it ideal for early genotoxicity screening. We show that this
assay can accurately detect micronucleus induction by clastogens (mitomycin C,
bleomycin) and aneugens (colchicine, diethylstilbestrol, etoposide, griseofluvine).
We describe the incorporation of a metabolic activation system that allows the detection of micronucleus induction by indirect clastogens such as cyclophosphamide.
We also describe the incorporation of two cytotoxicity indexes to this assay: the cytokinesis-block proliferation index (CBPI) and total cell counts. These indexes
complement each other and help in the interpretation of micronucleus data.

1307

DETECTION OF HBV, HCV AND HIV NUCLEIC ACIDS
IN TISSUE SAMPLES

B. Anekella, L. Tran, J. Wu, Y. Zhang, S. Hickman, D. Steen and M. Manak.
SeraCare BioServices, Gaithersburg, MD. Sponsor: S. Manetz.
Background: Harvested whole organs, if unsuitable for their intended purpose of
organ transplantation, are often diverted for in vitro research use. The donor testing
is specifically related to diagnosis relevant for the transplantation needs. Testing for
presence of antibodies to HBV, HCV, and HIV is the most common screen, and diagnostic results on the donor may not be available due to confidentiality reasons.
Reliance on serological assays alone can lead to false-negative results, when infectious doses of harmful viruses may be present. For this reason all blood donations
since 1999 are required to also be tested by approved Nucleic Acid Tests (NAT).
SeraCare BioServices has adapted Roche FDA-cleared tests for detection of HBV,
HCV, and HIV nucleic acids in serum or plasma to their detection in tissue.
Methods: Intact hepatic tissues were used for the validation experiments. Since the
distribution of virus is not homogeneous, sections of liver tissue (100 mg) were excised from different parts and homogenized. Additional preprocessing steps, such as
centrifugations and extractions with Qiagen kits were performed prior to processing with the Roche assay. For evaluation of assay sensitivity, HBV, HCV and HIV
virus at various copy numbers were spiked into homogenates. The lysates were then
purified and tested using the Roche NAT assay. Results: The limit of detection
(LOD) of HBV, HCV and HIV virus based on our results is 1,000 copies/100 mg
of tissue. All tissues were from donors who had tested negative for HBV, HCV and
HIV in prior serological testing. In our assay, specimens from 2 donors demonstrated repeatedly positive HCV RNA results. These two specimens were sent to a
collaborating research laboratory and the positive results were confirmed on a different platform (TaqMan). Conclusions: The results from the validation experiments conclude that the Roche assays can be successfully used for testing of tissue
samples for the presence of HBV, HCV and HIV virus, provided additional preprocessing steps are added. Based on these studies, the LOD for each assays is 1,000
copies/100 mg tissue.

1308

USE OF THE VIVOMETRICS LIFESHIRTÂ FOR
AMBULATORY RESPIRATORY DATA COLLECTION IN
THE DOG AND MONKEY

S. Mason1, H. Penton1, K. Norton1, C. Banks1 and A. Derchak2. 1Toxicology,
Charles River Laboratories Preclinical Montréal, Senneville, QC, Canada and
2
VivoMetrics, Ventura, CA.
Direct collection of respiratory data in non-rodents has traditionally been a technically difficult procedure, as conditioning to the procedures involved means considerable time is needed to obtain these measurements, in addition to stress from restraint causing variability in the data obtained. The VivoMetrics LifeShirtâ received
FDA 510(k) approval in 2002 and has recently been modified for use in nonhuman primates and dogs. The system was evaluated at Charles River Laboratories
and shown to be a highly robust and accurate method for collection of acute and
long-term respiratory data in conscious, ambulatory animals. In order to demonstrate its ability to detect disturbances in respiratory parameters, monkeys and dogs
were fitted with appropriate LifeShirts and administered 0.1 or 1 mg/kg morphine
(iv) or an inhaled 8% CO2 and air mixture to elicit respiratory changes. Data were
collected during and following dosing using both the LifeShirtâ and a mask pneumotach connected to a Buxco BioSystem XA. Animals were then fitted with protective overshirts and returned to home cages, with additional respiratory data collected for approximately 24 hours. Analysis of data from both systems showed
decreases in respiratory function between 10 and 60% following morphine administration, and an increase of up to 175% following CO2/air exposure. Comparison
of LifeShirtâ to Buxco data showed respiratory values within approximately 15% of
each other. Over the 24 hour collection period, the LifeShirtâ accurately quantified
respiratory parameters, and, in view with the demonstrated sensitivity to changes
induced by a respiratory stimulant and depressant, is considered to be a valuable
new tool for long-term monitoring of respiratory function in large animals.

1309

A GRAPHICAL EVALUATION METHOD OF
HEMATOLOGICAL AND SERUM BIOCHEMICAL
PARAMETERS FOR NON-STATISTICIANS

T. Koga, A. Yoneyama, H. Okatani, T. Yamada, S. Nagayama and R. Nagata.
SNBL, Kagoshima, Japan.
Recently, many kinds of statistical analysis methods have been used to evaluate
health condition indices or drug safety based on hematological and serum biochemical parameters. Since there are many mutually correlated hematological and
serum biochemical parameters, complex statistical analyses must be performed, and
the results are often confusing. The purpose of this research is to propose a graphical method of readily evaluating data obtained in a pre-clinical study from background data. We used data from the cynomolgus monkey, which has become increasingly used as a study animal in recent years to evaluate drug safety and drug
pharmacology. [Method]Ninety-five male and ninety-five female Chinese-bred
healthy cynomolgus monkeys aged 3 to 7 years were allocated. Data obtained from
2003 to 2004 were used to amass prior information and to gain an understanding
of statistical distributions of hematological and serum biochemical parameters.
Parameters expressed in different units and data variations were transformed to a
standard normal distribution so that all parameters could be compared simultaneously. [Result]Some parameters, including WBC, leukocyte fractions, AST, ALT,
and LDH, had a right-heavy tail distribution, and were not considered to follow the
normal distribution. However, normal scores for all parameters obtained after suitable data transformation seemed to follow the standard normal distribution.
Moreover, it was considered possible to compare all parameters together with a few
graphs using normal scores. [Discussion]The graphical method is useful for evaluating animal health condition and drug safety, even if the evaluator is not familiar
with statistical analysis methods or if the number of animals on study is small. Any
evaluator can use this method to evaluate changes in related parameters together,
and to make an overall judgment at a glance.

1310

LONG TERM (9-MONTH) CONTINUOUS
INTRAVENOUS INFUSION IN THE BEAGLE DOG

L. Armer, A. Patel, C. Bosse, T. Gillis, C. Copeman and M. Vezina. Toxicology,
Charles River Laboratories Preclinical Montréal, Senneville, QC, Canada.
Continuous intravenous infusion via an indwelling catheter is frequently used in
preclinical safety evaluation studies to mimic the proposed clinical route or to
achieve higher blood drug levels than can be achieved by the defined clinical route.
These studies have been conducted at our laboratory for over 20 years. Control data
at our laboratory was evaluated to determine any effects of the presence of a femoral
catheter and continuous intravenous infusion on the body weight gain, food intake
and clinical pathology parameters over a 9 month period. A medical grade silastic
catheter was surgically implanted under general anesthesia in the vena cava.
Animals were continuously infused with saline at 4 mL/h for 24 hours/day for 9months using a jacket and tether system. Body weight gains and food intake were
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unaffected when comparing data with historical control values for non-catheterized
animals. Small differences in the clinical pathology data were observed between the
catheterized and non-catheterized animals that could be associated with the presence of a foreign material.
It is concluded that in our laboratory the presence of an indwelling catheter and
continuous intravenous infusion of saline at rates of 4 mL/h in dogs for up to 9
months had no adverse effects on growth compared with non-catheterized animals.
Clinical pathology changes were minor and consistent with the presence of a foreign material.

1311

SCREENING STUDIES WITH OILY VEHICLES FOR
ORAL DRUG DELIVERY IN THE MARMOSET
(CALLITHRIX JACCHUS) AND THE CYNOMOLGUS
(MACACA FASCICULARIS) MONKEY

S. H. Korte1, D. Eastman2, U. Zuehlke1 and G. F. Weinbauer1. 1Covance,
Muenster, Germany and 2Procter & Gamble Pharmaceuticals Inc., Cincinnati, OH.
Absorption and bioavailability of active pharmaceutical ingredients are affected by
the solubility of new chemical entities in a given drug formulation, and it has been
described that the need for well tolerated non-water based vehicles is becoming increasingly apparent (1). The latter implies the need and search for vehicles permitting acceptable solubility of such compounds. We have tested oily carrier substances
for oral dosing in the marmoset and cynomolgus monkey models. Labrafil M 1944
CS (glycerides/polyethylene glycol-esters mixture well tolerated in rodents and beagle dogs) at 10 mL/kg for 28 days caused oily fur, ano-genital lesions, urinary fat
content and microscopic alterations (acute inflammation, eosinophilic contents,
epithelial hyperplasia and crypt dilatation in cecum and colon and chief cell atrophy in the stomach). Findings were present in all vehicle groups, but not in the
water control animals. Subsequently, corn oil (10 and 5 mL/kg/day) and peanut oil
(5 ml/kg/day) were tested in two marmosets/sex for 2, 4 or 7 days with wash-out of
4-14 days in between. Marmosets showed low food consumption, moderate body
weight loss, diarrhea, oily fur, abdominal lesions, increased HDL-cholesterol and
markedly increased microscopic fat drops irrespective of the vehicle type and dose.
Two cynomolgus monkeys/sex also received Labrafil at 5 and 10 mL/kg for 4 and 7
days, as well as 10 mL/kg corn oil for 7 days with wash-out of 8-11 days in between. Cynomolgus monkeys did not adapt to 10 mL/kg Labrafil or corn oil regimen and exhibited oily coat, constant diarrhea and markedly increased microscopic
fat drops but tolerated well 5 mL/kg Labrafil dose. In summary administration of
oily vehicles at a dose volume of 5 to 10 mL/kg to marmosets proved unfeasible
whereas cynomolgus monkeys tolerated oral volumes of the oily vehicle Labrafil of
5 mL/kg/day.
1. Rasenack N, Müller BW (2005) Pharm. Ind. 67 (3) 323-326
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MOLECULAR DETERMINANTS FOR DETECTION OF
HUMAN EYE IRRITATION FROM HOMOLOGOUS
CHEMICAL VAPORS IN ACUTE EXPOSURES

J. E. Cometto-Muniz1, W. S. Cain1 and M. H. Abraham2. 1Chemosensory
Perception Laboratory, Department of Surgery (Otolaryngology), University of
California, San Diego, La Jolla, CA and 2Department of Chemistry, University
College London, London, United Kingdom.
Previous research suggested the existence of a cut-off member along saturated vapors from homologous chemical series such that homologs larger than the cut-off
member fail to evoke eye irritation in humans. Peripheral sensory irritation, now
commonly called chemesthesis, is a receptor-mediated phenomenon. The present
research sought to find the particular cut-off homolog along acetate esters, n-alcohols, 2-ketones, and n-alkylbenzenes, and to explore the likely basis for this effect.
Saturated vapors were generated and delivered from a 1.9 L glass vessel system containing the neat chemical. Vapor concentrations were measured by gas chromatography (flame ionization detector). Eye irritation detectability was assessed in groups
of up to 21 subjects by a three-alternative forced-choice procedure against blanks.
The outcome revealed that decyl acetate, 1-undecanol, 2-tridecanone, and heptyl
benzene were the cut-off members within their respective series. When their saturated vapor concentrations were increased between 3 and 8 times by heating the
neat chemical from room temperature (23 C) to body temperature (37 C), half or
more of the subjects still failed to achieve a higher detectability despite the chemicals having reached concentrations well above a predicted eye irritation threshold.
We conclude that, in these cases, the basis for the cut-off is biological rather than
physical. That is, the molecule lacks a key dimension or feature to stimulate the relevant receptors, as opposed to the vapor concentration being too low to produce
detection.
Supported by grant R01 DC005003 from NIDCD, NIH, and, in part, by Philip
Morris USA Inc. and Philip Morris International.
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HISTAMINE RESPONSES AND MAXIMUM TOLERATED
DOSE ENDPOINTS IN DOGS USED ON TOXICITY
STUDIES

A. Lucock and D. Everett. Covance Laboratories LTD., Harrogate, United Kingdom.
The dog is frequently used as the non-rodent species of choice in toxicity studies. In
several recent studies of novel pharmaceutical agents conducted at our facility, an
acute response to dosing was observed consistent with rapid histamine release.
This poster describes the clinical signs associated with these events, reviews strategies to analyse and obviate the effects, and discusses their significance for man.

1314

METABONOMIC PROFILING CORRELATES WITH
PPAR-MEDIATED MUSCLE TOXICITY BUT NOT
PERIPHERAL EDEMA

W. W. Collette1, K. Palacio1, A. Deese2, G. J. Stevens1 and H. S. Younis1.
1
Worldwide Safety Sciences, Pfizer Inc., La Jolla, CA and 2Analytical Research and
Development, Pfizer Inc., La Jolla, CA.
The nuclear hormone peroxisome proliferator activated receptors (PPAR -α, -γ, -δ)
play key roles in adipogenesis, lipid metabolism and insulin sensitivity. The major
toxicities associated with PPAR-γ and PPAR-α agonists are peripheral edema and
muscle necrosis, respectively. The objective of this research was to determine if
urine metabonomic profiling was a predictive screening method for identifying
PPAR-related toxicities. Male and female Sprague-Dawley rats were dosed with a
dual PPAR-α/γ agonist, PF-00520467 (1, 10, 100 mg/kg/day; po) for 11 days.
Blood and urine were collected at various time points throughout the study for
hematology and metabonomic analysis, respectively. At termination, a necropsy
was performed for presence of peripheral edema and muscle tissue was harvested in
10% formalin for histopathological examination. Hydrothorax was observed in
males and females in only the high dose group and a single female in the mid dose,
while a mild decrease in red blood cell parameters (RBC, HGB, HCT) indicative of
plasma volume expansion was observed in all dose groups following PPAR α/γ agonist treatment. Muscle necrosis was observed in several tissues in males and females at the mid and high dose group. The urine metabonomic pattern in the mid
and high dose groups shifted from the control and low dose groups by Day 5 following treatment. This shift was consistent with the muscle toxicity findings in
these animals. The metabonomic patterns in the animals that developed edema
were not distinct from those that did not develop this toxicity. This work demonstrates that metabonomic profiling may be used to detect and monitor the development of muscle necrosis following PPAR agonist treatment.

1315

CORRELATION AMONG CLINICOPATHOLOGICAL
PARAMETERS FOR MYOCARDIAL DAMAGE IN RATS
TREATED WITH ISOPROTERENOL

M. Kurata, Y. Sasayama, T. Iidaka, T. Fukushima, M. Sakimura and N. Shirai.
Worldwide Safety Sciences, Pfizer Global Research & Development, Nagoya
Laboratories, Pfizer Inc., Aichi, Japan.
Although there are many reports on the diagnostic significance of clinicopathological parameters of myocardial damage in rats, there is little information regarding
the correlation among LDH-, CK-isoenzymes, troponin I and troponin T, including methodological differences. We investigated the correlation among these parameters in the early stage of myocardial damage in isoproterenol-treated rats, a
typical model of myocardial damage. Rats (SD, 7 weeks old, male) were administered isoproterenol at single doses of 0 (saline), 0.04, 0.4 and 4 mg/kg (sc). Blood
was collected 4 hours after treatment via the abdominal vein under isoflurane inhalation. LDH-1, LDH-2 and CK-MB in heparinized plasma were calculated from
total LDH or CK activity and their isoenzyme electrophoresis. Troponin I in serum
was determined using 3 methods (Bayer Centaur, DPC Immulyze and Life
Diagnostics ELISA kit). Troponin T in blood was assayed semi-quantitatively using
Roche Trop T Sensitive sticks. To confirm the stage of myocardial damage, cardiac
tissues were histopathologically examined, and PCR of myocardial remodelling
genes (alpha-, and beta-myosin heavy chain) was performed. The results showed
that LDH-1, LDH-2, CK-MB, troponin I (Centaur) and troponin T increased in
rats administered the drug at a dose of 0.04 mg/kg. Excellent correlations were
noted among LDH-1, LDH-2, troponin I (Centaur) and troponin T. The minimal
myofibrillar degeneration detected by histopathological examination and the absence of changes in remodelling genes indicated early-stage myocardial damage. In
conclusion, high correlations exist among LDH isoenzymes, troponin I (Centaur)
and troponin T. These findings provide a baseline of bridging data across different
parameters of intra- or inter-toxicity studies.
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CLINICAL PATHOLOGY VARIATIONS BETWEEN TWO
ORIGINS IN CYNOMOLGUS MONKEYS

H. Okatani, T. Koga, K. Nakama, H. Kadokura, T. Yamada, S. Nagayama, H.
Tokado, K. Fukuzaki, G. Kito and R. Nagata. Drug Safety Resarch Laboratories,
Shin Nippon Biomedical Laboratories, Kagoshima, Japan.
[Purpose] Cynomolgus monkeys, a primate species phylogenetically close to humans, are commonly used in toxicological studies as one of non-rodent.
Cynomolgus monkeys are mainly imported from six countries (the Philippines,
China, Indonesia, Vietnam, Guyana, and Surinam) to Japan. However, comparative studies on clinical pathology between the different sources have rarely reported.
Cynomolgus monkeys used at SNBL are mainly imported from China and
Indonesia. The purpose of this study is to assess clinical pathology and to compare
the physiological ranges of cynomolgus monkeys originated in China and
Indonesia. [Method] Clinical pathology data from cynomolgus monkeys originated
from two countries (China and Indonesia), showing no abnormalities during the
rearing period in clinical conditions, were collected. Serum and plasma samples
were obtained from the femoral vein using the syringe under the unanesthetized
conditions, preserved urine samples were also obtained. These samples were analyzed by validated methods. After performing suitable transformation, the overall
physiological ranges were calculated and evaluated graphically to compare the two
sources. [Result] Comparative result showed common or differed features in
cynomolgus monkeys originated from two countries. Although parameters between
the two sources showed similar statistical distributions, some parameter showed relatively large differences in physiological range. [Conclusion] It is essential to use
suitable physiological ranges to assess health condition, biological variations, or effects of drugs in studies. In the present study, there are some differences in sources,
additional consideration is necessary for not only species but also origins before the
start of toxicological study in order to consider the toxicological significance.

1317

EXTERNAL TELEMETRY INVESTIGATION OF ECG
PARAMETERS FOR GROUP HOUSED NON-RODENT
TOXICITY STUDIES

G. Froget, A. Baleydier, A. Betat, P. Lainee and R. Forster. CIT, Evreux, France.
ICH guidance on Safety Pharmacology emphasizes the value of investigating the
time-course and dose-relationship of any drug-induced effects, and indicates a preference for the use of conscious animals wherever possible. Using external telemetry,
electrocardiography parameters can be obtained from conscious animals without
the need for surgery and in this way safety pharmacology investigations can be conveniently included in early toxicology studies. In the present work we show that the
use of external telemetry is also compatible with group-housing. Four dogs housed
by pairs were trained to wear jackets and accept electrodes and a battery backpack.
They were orally dosed in a randomised crossover design with either vehicle
(methylcellulose), diltiazem (DTZ: 5 mg/kg) and sparfloxacin (SPA: 10 mg/kg).
Antennae and hardware were placed close to the study room and signals were acquired and analysed by two dedicated software (IOX and ECG Auto, EMKA
Technologies). Recordings lasted from one hour before to 8 hours after dosing. The
results demonstrated the expected effects of each drug with the following maximal
effects: HR increase (+43 ± 33%) and PR interval prolongation (+37 ± 3%) after
DTZ, prolonged QT interval (+16 ± 5%) and Fridericia corrected QT interval (+7
± 6%) after SPA. Similar studies have been obtained in individually housed monkeys treated with vehicle, quinidine and astemizole and with group-housed monkeys monitored over a 24 hour period. Our work shows that data for safety pharmacology end-points can be readily obtained from early toxicology studies in
group-housed dogs and primates using external telemetry approaches. Such data
can complement safety pharmacology study results, often across a wider range of
dose-levels, permitting greater confidence in safety margins.
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COMPARATIVE ANALYSIS OF CLINICAL PATHOLOGY
DATA IN AGED OVARIECTOMIZED/INTACT AND
YOUNG ADULT FEMALE CYNOMOLGUS MONKEYS
OF MAURITIAN ORIGIN

U. Zuehlke and G. F. Weinbauer. Covance Laboratories GmbH, Muenster,
Germany.
As life expectency has been increasing steadily over the past centuries, pharmaceutical development of new therapies for geriatric diseases is of vital importance.
Among other age-related diseases in the face of aging populations, osteoporosis
continues to be an important cause of morbidity in both women and men. To address unmet medical needs in the area of osteoporosis, both anabolic and antiresorptive therapies are under active investigation. In addition, the aging primate can
provide useful information for other efficacy evaluations or the evaluation of
chronic toxicity. To adequately interpret study from the aging primate, reference
data on vital functions of these aged monkeys are essential for the detection and in-

terpretation of untoward findings during long-term efficacy or toxicity studies. In
this comparative evaluation, clinical pathology data were compiled from 13 aged (>
14 years of age) ovariectomized cynomolgus monkeys (Macaca fascicularis) of
Mauritian origin every 6 months during a 4.5 year long-term toxicity study and
were compared to data from intact young adult (N = > 80) and intact old (> 13
years of age, N = 28) female monkeys of the same origin. Hematological changes in
ovariectomized old females showed altered reticulocyte counts (-32%), hematocrit
values (+ 14%) and platelet counts (- 17%) compared to young adult females.
Major serum biochemistry alterations comprised were alkaline phosphatase (-37%)
and bone isoenzyme alkaline phosphatase (-33%), triglycerides (+ 100%) and glucose (+22%) in aged females. Comparison of old ovariectomized with old intact animals, revealed similar or even larger differences in old intact females, e.g. hematocrit (+ 14%), triglycerides (+145%), glucose (+65%), alkaline phosphatase (49%), activated partial thromboplastin time (+20%) and inorganic phosphorus
(+14%). These differences must be considered in the interpretation of data from
preclinical studies using cynomolgus monkeys of different age.
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PREDICTIVE IN VITRO STEM CELL
HEMOTOXICOLOGY USING THE HALO PLATFORM
FOR EARLY DRUG SCREENING AND ESTIMATING
PRE-CLINICAL AND CLINICAL TRIAL DOSING

I. N. Rich and K. M. Hall. HemoGenix Inc., Colorado Springs, CO. Sponsor: A.
Vickers.
The HALO (Hemotoxicity Assays via Luminescence Output) Platform can detect
and measure the proliferative response of multiple lympho-hematopoietic stem and
progenitor cell populations from 5 different species (human, non-human primate,
dog rat and mouse) simultaneously. Proliferation or inhibition is measured as a
function of intracellular ATP concentration using a luciferin/luciferase signal detection system. Flexible format, standardization and high-throughput capability allow
it to be used for any stage of drug development, from screening to patient monitoring. During validation studies in which 15 reference compounds (including chemicals, anti-inflammatory and anti-cancer drugs) were tested from the Registry of
Cytotoxicity (RC), a lympho-hemotoxicity prediction paradigm was developed by
examining each compound on 7 lympho-hematopoietic populations (2 stem cell,
HPP-SP, CFC-GEMM; 3 progenitor, (BFU-E, GM-CFC, Mk-CFC); 2 lymphopoietic, T-CFC, B-CFC) derived from human and mouse bone marrow. The
paradigm consists of 5 predictions that describe the response of the lymphohematopoietic system to virtually any agent depending on the proliferating populations that are affected. Validation against the RC Prediction Model not only allows
HALO to be used as a cytotoxicity assay, but also to calculate initial in vivo dosing
for pre-clinical and human clinical trial studies. From the in vitro IC50, IC75 and
IC90 values, using human bone marrow target cells, predicted clinical doses for
doxorubicin, daunorubicin, 5-fluorouracil, Imatinib mesylate, Paclitaxel, vinblastine and hydroxyurea were calculated and compared with doses used in clinical regimen. With the exception of vinblastine, all predicted doses were in the same range
as those used for hematopoietic and non-hematopoietic malignancies. The HALO
Platform is therefore a powerful decision-making tool that, if employed sufficiently
early, can be used for ADME/Tox screening, safety and risk assesment as well as an
alternative to animal testing to help save time and money during drug development.

1320

DETECTION OF INCREASED SENSITIVITY TO
MULTIPLE DOSING AND RESIDUAL GROWTH
POTENTIAL OF STEM CELLS AFTER IN VITRO DRUG
ADMINISTRATION USING THE HALO PREDICTIVE
PLATFORM

I. N. Rich and K. M. Hall. HemoGenix Inc., Colorado Springs, CO. Sponsor: A.
Vickers.
Any agent that affects proliferation can be detected using the HALO
(Hemotoxicity Assays via Luminescence Output) platform. HALO measures intracellular ATP as a function of proliferation using a luminescence readout. Multiple
lympho-hematopoietic stem and progenitor cell populations from 5 different
species (human, non-human primate, dog rat and mouse) can be detected simultaneously using this rapid, 96-well plate format assay with non-subjective, highthroughput capability. When agents act on the proliferative process, the stem cell
compartment of hematopoietic, and even non-hematopoietic, tissues can be affected. The high proliferative potential stem and progenitor cell (HPP-SP) population produces both lympho- and hematopoietic cells. This primitive stem cell population is quiescent and can be induced into cycle using IL-2, IL-6, SCF and
Flt3-ligand. Under these conditions, a drug might kill all or only a proportion of
this cell population. The proliferative potential of human bone marrow target cells
after 7 days incubation is first measured. If extra replicate wells are prepared for the
primary culture, cells not processed for luminescence after 7 days can be removed,
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washed and re-plated into secondary culture for a further 7 days using a combination of growth factors that “fully stimulates” both lympho- and hematopoietic cells.
After secondary culture, a proportion of the cultures are again assayed for proliferative potential while the cells in remaining cultures can be removed and analyzed by
flow cytometry or even gene expression analysis. Doxorubicin, daunorubicin, 5-fluorouracil, busulfan and Imatinib mesylate have been analyzed in this manner. The
results demonstrate that if, for example, daunorubicin was administered in multiple
doses, the HPP-SP population would exhibit increased sensitivity after each dose.
At 10uM, busulfan only kills about 50% of HPP-SP in the primary culture, but the
residual population cannot be fully expanded in secondary culture, indicating that
the residual cells would not repopulation the system.

1321

ENHANCED ACETAMINOPHEN TOXICITY BY
ACTIVATION OF THE PREGNANE X RECEPTOR

G. L. Guo2, 1, J. S. Moffit3, C. J. Nicol1, J. M. Ward4, L. A. Aleksunes3, S. A.
Kliewer5, J. E. Manauto3 and F. J. Gonzalez1. 11.
Laboratory of
Metabolism, NCI, NIH, Bethesda, MD, 2Pharmacology, Toxicology and
Therapeutics, University of Kansas Medical Center, Kansas City, KS, 32. Department
of Pharmaceutical Sciences, University of Connecticut, Storrs, CT, 43. Veterinary
and Tumor Pathology Section, NCI, Frederick, MD and 5Pharmacology, University of
Texas Southwestern Medical Center, Dallas, TX.
The pregnane X receptor (PXR) is a ligand-activated transcription factor and member of the nuclear receptor superfamily. Nuclear receptors are involved in various
physiological, developmental, and toxicological processes. These receptors have
highly conserved DNA and ligand binding domains. Activation of PXR represents
an important mechanism for the induction of cytochrome P450 3A (CYP3A) enzymes that can convert acetaminophen (APAP) to its toxic intermediate metabolite,
N-acetyl-p-benzoquinone imine (NAPQI). Therefore, it was hypothesized that activation of PXR plays a major role in APAP-induced hepatotoxicity. Pretreatment
with the PXR activator, pregnenolone 16 α-carbonitrile (PCN), markedly enhanced APAP-induced hepatic injury, as revealed by increased serum ALT levels
and hepatic centrilobular necrosis, in wild-type but not in PXR-null mice. Further
analysis showed that, following PCN treatment, PXR-null mice had lower
CYP3A11 expression, decreased NAPQI formation and increased maintenance of
hepatic glutathione content compared to wild-type mice. Thus, these results suggest PXR plays a critical role in APAP-induced hepatic toxicity, probably by regulating CYP3A11 expression and hence increasing bioactivation.
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ROLE OF NF-κB IN REGULATION OF PXR
TRANSCRIPTIONAL ACTIVITY: A MECHANISM FOR
THE SUPPRESSION OF PXR-MEDIATED
CYTOCHROMES P450 EXPRESSION BY
PROINFLAMMATORY AGENTS

X. Gu1, T. Sheng2, S. Ke1, L. J. Dangott3, P. E. Thomas4, M. A. Gallo4, W.
Xie5 and Y. Tian1. 1Department of Veterinary Physiology and Pharmacology, Texas
A&M University, College Station, TX, 2The University of Texas Medical Branch,
Galveston, TX, 3Department of Biochemistry & Biophysics, Texas A&M University,
College Station, TX, 4EOHSI, Rutgers University, Piscataway, NJ and 5University of
Pittsburgh, Pittsburgh, PA.
Cytochrome P450 3A4 (CYP3A4) is a predominant isoform of cytochromes P450
in adult human liver and is responsible for the metabolism of more than 50% of
drugs in use. CYP3A4 gene expression is transcriptionally regulated by pregnane X
receptor (PXR). Many physiological and pathological factors have effects on
CYP3A4 gene expression. Proinflammatory cytokine TNFα and lipopolysaccharides (LPS) have been shown to suppress CYP3A4 gene expression. The mechanisms for the suppression remain to be elucidated. In current study, we performed
an exploratory microarray assay to survey the effects of TNFα and LPS on PXRregulated gene expressions in human primary hepatocyte culture model. The genes
known to be regulated by PXR, such as CYP3A4, CYP2B6, CYP2C8, CYP2C9
and MDR1 were induced by rifampicin(10µM, 24 hours) and the inductions were
suppressed by either TNFα or LPS. Using trans-regulation of CYP3A4 gene in
HepG2 cells as a model system, we found TNFα and LPS treatments inhibited
PXR-regulated gene expression and this inhibition could be reversed by constitutive
expression of IκBα. In EMSA and chromatin immunoprecipitation assay, we found
that NF-κB RelA (p65) disrupted the binding of the PXR complex to the regulatory sites of CYP3A4. Our results suggest a mechanistic model where NF-κB inducers such as TNFα and LPS activate NF-κB which, in turn, translocates into the
nucleus and disrupts the binding of PXR/RXR complex to the consensus sequences
in the regulatory regions of PXR-regulated genes. This work is supported in part by
NIEHS Grants ES09859, ES09106 and American Heart Association Grant
0355131Y.
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HORMONAL CONTROL SUPPORTS XENOBIOTIC
RECEPTOR MEDIATED INDUCTION OF UGT1A1 IN
TRANSGENIC MICE

S. CHEN, D. Beaton, K. Senekeo-Effenberger and R. H. Tukey. Laboratory of
Environmental Toxicology, Departments of Pharmacology and Chemistry &
Biochemistry, University of California, San Diego, La Jolla, CA.
UDP-glucuronosyltransferases (UGTs) represent a superfamily of xenobiotic metabolizing enzymes which participate in the glucuronidation and detoxification of
endogenous and xenobiotic substrates. Following the development of transgenic
UGT1 mice which encode the entire human UGT1 locus, these genes are shown to
be uniquely regulated by tissue specific, xenobiotic receptor and humoral control
factors. For example, liver and gut UGT1A expression are regulated in vivo by compounds that activate the Ah receptor, pregnane X receptor (PXR), as well as
PPARα. Humoral control of the UGT1 locus also plays an important role in maternal Tg-UGT1 mice during pregnancy and lactation. To further understand the
influence of hormonal control, primary Tg-UGT1 hepatocytes were cultured in the
presence of glucocorticoids. At concentrations of glucocorticoids that activate the
PXR receptor (10 µM or above), dexamethasone and corticosterone were observed
to induce UGT1A1 expression. However, this is not PXR dependent, since PXR
activation at 0.1 µM dexamethasone had no effect on the regulation of UGT1A1
expression. Interestingly, when primary hepatocytes were cultured in 0.1 µM dexamethasone, activation of PXR with pregnenolone-16α-carbonitrile or the Ah receptor with TCDD led to dramatic synergistic induction of UGT1A1, suggesting
that glucucorticoids play a critical role in UGT1A1 expression. To identify the regulatory region on the UGT1A1 gene, hepatocytes from Tg-UGT1 mice were transfected with promoter UGT1A1-luciferase constructs as well as enhancer sequences
from the PREM region. The responsive region was localized to 300 bp in the
PREM region of the UGT1A1 promoter. This region contains the PXR and Ah receptor binding sites, as well as several glucocorticoid response elements. These findings indicate that hormonal control underlies those cellular events linked to expression of the UGT1 locus. (Supported by USPHS Grants ES10337 and GM49135)
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LIGAND-DEPENDENT ACTIVATION OF DAX-1
SILENCES ANDROGEN RECEPTOR-MEDIATED
TRANSACTIVATION IN PROSTATE CANCER CELLS

S. Papineni1, S. Chintharlapalli2, E. Lalli3 and S. Safe1, 2, 4. 1Department of
Veterinary Physiology and Pharmacology, Texas A&M University, College STation,
TX, 2Department of Biochemistry and Biophysics, Texas A&M University, College
STation, TX, 3Institut de Pharmacologie Moleculaire et Cellulaire, Texas A&M
University, Sophia Antipolis, Valbonne, France and 4Institute of Biosciences and
Technology, Texas A&M University Health Science Center, Houston, TX.
Dosage-sensitive sex reversal, adrenal hypoplasia congenita (AHC) critical region
on the X chromosome gene 1 (DAX-1) is an orphan nuclear receptor that represses
nuclear receptor/transcription factor-mediated gene expression. Mutations of
DAX-1 compromise the DAX-1-dependent regulation of steroidgenic genes leading to serious genetic disorders and related health problems. In this study, we report
that among a series of 1,1-bis(3’-indolyl)-1-(p-substitutedphenyl)methanes [methylene-substituted diindolylmethanes (C-DIMs)], several compounds including the
p-fluoro analog (DIM-C-pPhF) activate a transfected GAL4-DAX-1 chimera in
LNCaP prostate cancer cells and in several other cell lines. Based on previous results
showing that DAX-1 silences androgen receptor-mediated transactivation, we now
show the DIM-C-pPhF alone also decreases AR-dependent transactivation and enhances the inhibitory effects of transfected DAX-1. Moreover, inhibition of AR/dihydrotestosterone-dependent transactivation by DIM-C-pPhF in LNCaP cells was
abrogated by transfection with a small inhibitory RNA for DAX-1 which greatly
decreased endogenous DAX-1 protein expression in this cell line. Silencing of ARdependent transactivation by DIM-C-pPhF was not due to modulation of AR or
DAX-1 expression or cytosolic/nuclear redistribution of these proteins. This study
identifies for the first time ligands that activate DAX-1 and shows that ligand-dependent activation of endogenous DAX-1 in LNCaP cells results in silencing of
AR-dependent transactivation.
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A MIXED PREGNANE X RECEPTOR AND ESTROGEN
RECEPTOR ALPHA AGONIST ALTERED HEPATIC
CHOLESTEROL HOMEOSTASIS AND INCREASED
PLASMA HIGH DENSITY LIPOPROTEIN
APOLIPOPROTEIN A1 IN MICE

J. Lee and L. R. Curtis. Department of Environmental and Molecular Toxicology,
Oregon State University, Corvallis, OR.
Nuclear receptors play important role in the regulation of lipids and cholesterol
(CH). Chlordecone (CD) activated in vitro reporter systems for mouse pregnane X
receptor (PXR) and human estrogen receptor alpha (ERα), but not ERβ at 10 µM
(FASEB J. 19: A98). The CD pretreatments below yielded whole liver CD concen-

trations of at least 70 µM. Pretreatment of mice or rats with CD altered tissue distribution of subsequent dose of [14C] CD or [14C] CH. This was at least partially
explained by increased hepatic secretion of these compounds (Fund. Appl. Toxicol.
22: 286). Compared to vehicle controls, total hepatic CH increased 3 days after 5
or 15 mg CD/kg (0.58, 0.66, and 0.89 mg CH/g liver) in male C57BL mice. Most
of this was due to elevated free CH, not CH esters. The apolipoprotein A1 (apoA1)
content of high density lipoprotein (HDL) isolated from plasma of CD pretreated
mice increased in a concentration-dependent manner (maximum 60 % increase
over control). Elevated HDL apoA1 probably contributed to increased CH transport capacity of circulating lipoproteins. This at least partially explained altered CH
tissue distribution in CD-pretreated mice.
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THE NUCLEAR RECEPTOR CAR REGULATES DIO1
AND ALTERS THYROID HORMONE ACTIVITY IN
REGENERATING LIVER
E. Tien, M. Negishi, K. Matsui and R. Moore. National Institute of
Environmental Health Sciences, Research Triangle Park, NC.
The liver has the ability to regenerate in response to varied events such as transplantation, hepatectomy or injury due to chemical insults. The regenerative capacity of the liver is increased by thyroid hormone. Partial hepatectomy (PH) involves
removal of liver tissue and is a model system that is used to study regeneration.
CAR and phenobarbital (PB) have previously been shown to be involved in thyroid
hormone metabolism. Our studies sought to examine the role of CAR in altering
thyroid hormone levels in regenerating liver. Examination of the levels of serum
hormone after PH revealed a large increase in the inactive metabolite reverse T3
(rT3) in conjunction with a slight decrease in total T3 and T4. The increase in rT3
was accompanied by decreases in thyroid hormone regulated genes such as carnitine
palmitoyl transferase (CPT-1α) and tyrosine aminotransferase (TAT) in the liver.
Subsequent treatment with PB decreased rT3 and induced T3 regulated genes in
CAR wild type but not in CAR knockout mice even though no increases in T3 or
T4 were observed. Injection of rT3 into mice revealed inhibition of T3 target gene
expression suggesting that rT3 is responsible for the alterations in gene expression
due to PH. Activity and mRNA of type I deiodinase (Dio1) were also down-regulated by PH and induced by PB after PH in a CAR-dependent manner. Dio1 is responsible for the activation of T4 into T3 as well as the conversion of rT3 into T2
in the liver making it a central mechanism of T3 metabolism. Disruption of Dio1
activity could impair T4 conversion into T3 and rT3 metabolism into T2. In addition, T4 metabolism into rT3 by Dio3 would be heavily favored. Collectively, this
would result higher rT3 due to increased production and decreased clearance of
rT3. These results suggest that after PH, down regulation of Dio1 causes a large increase in rT3 levels, suppressing T3 regulated genes. Treatment with PB can induce
Dio1 activity in a CAR dependent manner, resulting in a decrease in rT3 and upregulation of T3 responsive genes.
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NONYLPHENOL IS A CONSTITUTIVE ANDROSTANE
RECEPTOR (CAR) ACTIVATOR
L. M. Chapman1, J. P. Hernandez1, X. C. Kretschmer1, W. Huang2, D. D.
Moore2 and W. S. Baldwin1. 1Biological Sciences, University of Texas at El Paso, El
Paso, TX and 2Molecular and Cellular Biology, Baylor College of Medicine,
Houston, TX.
Nonylphenol (NP) is an endocrine disruptor because it activates the estrogen receptors. Our data shows that NP also activates the constitutive androstane receptor
(CAR). Transactivation assays demonstrate that NP increases mouse CAR (mCAR)
activity, and 10 µM NP treatment can overcome the inhibitory effects of the inverse agonist, androstanol, on mCAR activation. Furthermore, treatment of CAR
+/+ mice with NP at 50 mg/kg/day or 75 mg/kg/day increases Cyp2b protein expression in a dose-dependent manner as demonstrated by western blotting. Q-PCR
confirms that Cyp2b9 and Cyp2b10 are induced in NP-treated mice. However,
CAR -/- mice show no increased expression of Cyp2b following NP treatment.
Determining whether NP activates human CAR (hCAR) is difficult because typical
transactivation assays work poorly with hCAR. Therefore, we treated hCAR mice
with NP at 0, 50, or 75 mg/kg/day, and these mice also demonstrated increased
Cyp2b protein expression, indicating that NP is an hCAR activator. Currently, we
are performing mCAR and hCAR nuclear translocation assays in primary cells
since it is the translocation of CAR that ultimately controls its activity. In conclusion, NP is a CAR activator, and this has been demonstrated in vitro with transactivation assays and in vivo with transgenic CAR mouse models.
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UNIQUE TRANSCRIPTION START SITES FOR PXR.1
AND PXR.2 IN HUMAN LIVER
L. M. Tompkins, B. A. Wasilak and A. D. Wallace. Environmental and Molecular
Toxicology, North Carolina State University, Raleigh, NC.
The function of xenobiotic metabolizing genes begets their importance; however,
the temporal regulation of these genes suggests the importance of regulatory transcription factors. The pregnane X receptor (PXR) is one such regulatory transcrip-

tion factor. The nuclear receptor, PXR has been demonstrated to positively regulate
a number of cytochrome P450s, conjugating enzymes and transporter genes in response to xenobiotics. As master regulator of metabolism or ‘xenosensor,’ the expression of PXR becomes critical to its ability to regulate metabolic pathways.
There are three recognized PXR isoforms—PXR.1, PXR.2, and PXR.3. In 1999,
Zhang et al. published an 86,000bp sequence [AF364606] containing the entire
PXR gene and 45,000bp of upstream promoter. Analysis of this sequence illustrated the messages for PXR.1 and PXR.2 to have unique first exons suggesting alternative promoters and not alternative splicing are responsible for generating each
variant. Our research goal was to experimentally determine a transcription start site
(TSS) and promoter region for PXR.1 and PXR.2. Unique promoter elements may
contribute to the varied expression of each isoform. With available genomic and
cDNA sequences, RT-PCR was used to determine each TSS. PCR primers were designed to (1) cross an exon-exon boundary to eliminate the possibility of genomic
contamination; and (2) explore each transcript upstream in a step-wise fashion.
Within the PXR.2 series of primers, a TSS was narrowed to an 80bp region unique
to PXR.2 and verified by sequencing. As for PXR.1, results extended the 5’UTR
upstream beyond the TSS indicated by Zhang et al. and bracketed a 109bp region
putatively containing a TSS for PXR.1. These data confirm unique TSSs for each
PXR.1 and PXR.2 and identify distinct regions for their alternative promoters.
Differential expression of PXR variants has been observed at the RNA and protein
level, suggesting PXR.1 and PXR.2 may have unique roles in the regulation of
metabolic pathways.
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MECHANISM OF P38 MITOGEN-ACTIVATED PROTEIN
KINASE INVOLVED IN THE CONSTITUTIVE
ANDROSTANE RECEPTOR SIGNALING PATHWAY

F. Zhang1 and L. You2. 1CIIT, Research Triangle Park, NC and 2CIIT, Research
Triangle Park, NC.
The constitutive androstane receptor (CAR), a member of the nuclear receptor
(NR) superfamily, regulates the expression of genes encoding xenobiotic/steroid
metabolizing enzymes including P450 (CYP) 2B. Unlike many classical NRs, CAR
has constitutive activity in addition to mediating the induction of target genes by
CAR ligands/activators. Activation of NR signaling pathways requires the involvement of multiple introcellular signaling components. The mitogen-activated protein kinases (MAPKs) are known to regulate the functional state of several NRs and
their associated transcriptional co-regulators. We previously found that p38 MAPK
is involved in CAR signaling pathway. In this study, we investigated three potential
mechanisms through which p38-controlled phosphorylation events affect CAR
transcriptional activity: (1) activating of CAR by promoting its translocation from
cytoplasm to nucleus; (2) enhancing CAR binding to CAR response elements
(CAR-RE) in the regulatory region of a target gene; and (3) enhancing recruitment
of coactivators of CAR. We showed that p38 inhibitor SB203580, which reduces
CYP2B1 gene expression, did not affect CAR nuclear translocation in primary hepatocytes treated with the CAR ligand TCPOBOP. Electrophoretic mobility shift
experiment showed that increasing CAR expression or treatment with TCPOBOP
resulted in greater CAR binding to DNA containing CAR-RE. However, pre-treatment with SB203580 did not affect the ability of CAR to bind CAR-RE in either
constitutive or stimulated CAR transactivation. Finally, coexpression of CAR and
steroid receptor coactivator 1 (SRC-1) in HepG2 cell significantly increased CARmediated report gene transactivation; this interaction between CAR and SRC-1 is
further promoted by TCPOBOP treatment. Furthermore, the effect of TCPOBOP
on CAR-SRC-1 interaction can be blocked by SB203580. Taken together, our data
suggest that the mechanism through which p38 MAPK modulates transcriptional
activity of CAR involved the participation of SRC-1 in the transcriptional process.
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REGULATION OF TRANSCRIPTIONAL ACTIVITY OF
HUMAN PREGNANE X RECEPTOR BY PROTEIN
ARGININE METHYLTRANSFERASE(S)

Y. Xie1, X. Gu1, S. Ke1, W. Xie3, M. Bedford2 and Y. Tian1. 1VTPP, Texas A&M
University, College Station, TX, 2Department of Carcinogenesis, The University of
Texas M.D. Anderson Cancer Center, Smithville, TX and 3University of Pittsburgh,
Pittsburgh, PA.
The protein arginine methyltransferase 1 (PRMT1), which methylates arginine 3 at
N-terminal tail of histone H4, has recently been shown to play an important role in
the functions of nuclear/steroid receptors. The pregnane X receptor (PXR) is an orphan nuclear receptor regulating the expression of the genes involved in phase I and
II xenobiotic/drug metabolism. Cytochrome P450 3A4 is regulated by PXR at
transcriptional level and is responsible for first pass biotransformation of over 50%
of the prescription and non-prescription drugs. Using a Flag-tagged human PXR,
we have found that histone arginine methyltransferase activity associated with PXR
complex in human hepatoma (HepG2) cells in a pull-down/enzymatic assay. The
methyltransferase specifically methylated arginine 3 of histone H4 as determined

SOT 2006 ANNUAL MEETING

271

by protein N-terminal sequencing analysis, suggesting PRMT1 may be the primary
methylating enzyme. In an attempt to further identify the methyltransferase associated with PXR complex, we transeintly transfected PRMT1 and found it co-activated PXR as well as RXRα-regulated gene transcription. In chromatin immunoprecipitation (ChIP) assay, we found that PRMT1 was associated in a ligand
dependent manner with the regulatory regions of. These results suggest that epigenetic modifications by protein arginine methyltransferase(s) may play important
roles in regulating the PXR-mediated gene expression. This work is supported in
part by NIEHS Grants ES09859, ES09106 and American Heart Association Grant
0355131Y.
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PXR-DEPENDENT INDUCTION OF CYP3A4 GENE
EXPRESSION BY O,P’-DDT IN HEPG2 CELLS

I. M. Medina-Diaz1, G. Elizondo1, A. Sierra-Santoyo1, M. Bermudez2 and B.
Cisneros-Vega2. 1Toxicology Section, Cinvestav, Mexico, DF, Mexico and 2Genetic
and Molecular Biology Department, Cinvestav, Mexico, DF, Mexico.
Although DDT [1,1,1,-trichloro-2,2-bis (p-chlorophenyl) ethane] has been
banned in many countries it is still prevalent in our ecosystem due to it is very stable chemically. We have recently shown that o,p’-DDT is a potent inducer of
CYP3A4 gene transcription in HepG2 cells. Also, it has been reported that dieldrin, chlordane and endosulfan, all of them organochlorine pesticides, interact with
pregnenolone X receptor (PXR), a nuclear transcription factor that mediates
CYP3A4 expression. The aim of the present study was to elucidate the molecular
mechanism by which o,p’-DDT induces CYP3A4 gene expression. To determine
the mechanism of o,p’-DDT action on CYP3A4 expression, a reported plasmid of
CYP3A4 promoter region containing the DR3 and ER6 PXR elements linked to a
luciferase gene (p3A4-362(7836/7208)) was used. HepG2 cells transfected with
p3A4-362(7836/7208) and treated with 10 µM of o,p’-DDT resulted in an increased promoter activity. Co-transfection with PXR expression vector and p3A4362(7836/7208) reported plasmid, and treatment with 10 µM of o,p’-DDT resulted in an increase in the luciferase activity. To determine whether o,p’-DDT
increase PXR binding to PXR response element (PXRE), EMSA was performed.
Addition of HepG2 nuclear extract treated with 10 µM of o,p’-DDT increased the
formation of PXR/PXRE complex. We also examined whether the promoter transactivation induced by o,p’-DDT reflected changes in CYP3A4 activity. HepG2
cells treated with 10 µM of o,p’-DDT and incubated with 2 µM of [4-14 C] testosterone showed an increased testosterone metabolism compared to untreated cells.
All over, these results indicate that the effect of o,p’-DDT on CYP3A4 transcription is mediated by PXR and result in an increase of CYP3A4 activity. Finally, attention should be paid to DDT-exposed populations and to possible endocrine system dysfunction and altered dose responsivity to drugs metabolized by CYP3A4
enzyme activity.
This work was supported by CONACyT grant 36173M.
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GLUCOCORTICOID REGULATION OF PXR
INFLUENCES CYP3A4 INDUCTION BY DEHP

B. A. Wasilak and A. D. Wallace. Environmental and Molecular Toxicology, North
Carolina State University, Raleigh, NC.
Di (2-ethylhexyl) phthalate (DEHP) is a phthalate ester plasticizer used in
polyvinyl chloride medical devices and exposure to hospital patients occurs as it
leaches from medical tubing. DEHP is a ligand for the pregnane X receptor (PXR);
a key regulator of xenobiotic metabolism, specifically CYP3A4 (3A4) known to
metabolize pharmaceuticals and endogenous steroids. The magnitude of CYP3A
induction by DEHP may be dependent on PXR protein levels. Three human PXR
isoforms have been identified and expression has been shown to be regulated by
glucocorticoids. Many hospital patients exposed to DEHP are also administered
glucocorticoids. The purpose of these studies was to examine the effects of glucocorticoid and DEHP co-exposure on 3A4 expression. The rat liver cell line H4IIEC3 was treated with 10-7 M dexamethasone (Dex) and 10 µM DEHP. CYP3A4
promoter activity was synergistically induced by DEHP and Dex when compared
to Dex or DEHP alone. Western blots of H4IIE-C3 cells using a PXR antibody observed a dose dependent induction of rPXR in response to Dex. To examine the effect of Dex on PXR protein levels in a human model system, human hepatocytes
were treated with 10-7, 10-8 and 10-9 M Dex. Western analysis observed a Dex dosedependent increase in PXR.1 expression. Dex and DEHP co-treated hepatocytes
demonstrated a synergistic induction of 3A4 protein. To assess PXR protein expression in human liver, samples were obtained and Western blotting detected two isoforms differentially expressed among individuals. Using expression plasmids of
hPXR.1 and hPXR.2, transfection studies in HepG2 cells demonstrated that
DEHP induction of 3A4 promoter activity is dependent on PXR expression.
Greater DEHP induced 3A4 promoter activity was also observed for cells transfected with PXR.2 than for PXR.1. These results indicate hPXR isoforms with
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functional differences are variably expressed between individuals. These data suggest that hPXR.1 is regulated by glucocorticoids and induction of PXR protein
contributes to synergistic induction of 3A4 expression in response to DEHP.
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ANALYSIS OF THE TRANSCRIPTIONAL REGULATORY
REGION OF THE HUMAN PXR (NR1I2) GENE
R. Hasegawa, K. Kurose, S. Ikeda, S. Koyano, M. Tohkin and J. Sawada.
National Institute of Health Sciences, Tokyo, Japan. Sponsor: M. Ema.
The human pregnane X receptor (hPXR, NR1I2) is a member of the nuclear receptor superfamily and a key regulator of genes encoding several major cytochrome
P450 enzymes and transporters. However, the transcriptional regulation of hPXR
itself remains unclear. To elucidate the transcriptional mechanisms of hPXR gene,
we first attempted to identify the transcription initiation site of hPXR by applying
the 5’-RACE method to human liver Marathon-Ready cDNA and SMART 5’RACE Ready cDNA. Five types of 5’-variable transcripts with the common exon 2
sequence were found, and comparison of these sequences with the genomic sequence suggested that their 5’ diversity is derived from initiation from alternative
promoters and alternative splicing. From the five types of 5’ variable transcripts, we
identified the major transcription initiation site of human hepatic PXR transcripts
by the 5’-RACE using GeneRacer RACE Ready cDNA (human liver) constructed
by the oligo-capping method. Next, we investigated the transcriptional regulatory
sites in the hPXR 5’-flanking region. Luciferase reporter constructs containing various lengths of 5’-flanking region, up to 10.5 kb upstream of the major transcription initiation site, were assessed for promoter activity in HepG2 cells. We mapped
the minimal essential region for promoter activity to a 160 bp region upstream of
the transcription initiation site. The binding of nuclear proteins to that region was
shown by gel mobility shift assays using HepG2 nuclear extract. Constructs with
mutations introduced into these protein-binding sites demonstrated reduced promoter activity concomitant with reduced DNA-protein binding activity. hPXR
promoter activity was observed in HepG2 cells but not in HeLa cells. Likewise, nuclear protein binding to promoter elements was also observed in HepG2 but not
HeLa cells. The present study provides basic information on the transcriptional
regulation of hPXR and may help elucidate the regulatory mechanisms of hPXR
target genes.
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ACTIVATION OF NUCLEAR RECEPTORS CAR AND
NRF2 BY GARLIC AND GARLIC CONSTITUENTS
C. fisher1, L. M. Augustine1, S. Bejati1, J. Maher2, D. M. Nelson3, C. D.
Klaassen2, L. Lehman-McKeeman3 and N. J. Cherrington1.
1
Pharmacology/Toxicology, University of Arizona, Tucson, AZ, 2Department of
Pharmacology, Toxicology and Therapeutics Center, University of Kansas Medical
Center, Kansas City, KS and 3Department of Metabolism and Pharmacokinetics,
Bristol-Myers Squibb Company, Wallingford, CT.
Garlic contains several linear sulfur compounds, including diallyl sulfide (DAS), diallyl disulfide (DADS) and diallyl trisulfide (DATS), capable of inducing a number
of drug metabolizing enzymes including cytochrome P450 (CYP) 2B and
NAD(P)H quinone oxidoreductase (NQO1). CYP2B and NQO1 are induced via
nuclear receptors constitutive androstane receptor (CAR) and nuclear factor E2-related factor 2 (Nrf2), respectively. The purpose of this study was to determine
whether garlic oil and specific constituents activate CAR and/or Nrf2. Female
Wistar Kyoto (WKY) rats express little CAR protein and exhibit significantly lower
induction of CYP2B1/2 by phenobarbital than males. Garlic oil, DAS, DADS and
DATS induced CYP2B1/2 mRNA levels to a greater extent in WKY males than in
females, suggesting CAR activation. The 70 fold induction of CYP2B10 observed
in wild type (WT) mice by DAS was attenuated in CAR-/- mice. Treatment of
transiently transfected mice resulted in garlic oil > DAS > DATS > DADS activation of the human CYP2B6 promoter in vivo. Additionally, Nrf2 activation was
implicated by a 5-fold induction of NQO1 by DAS in WT mice that was completely absent in Nrf2-/- mice. These results indicate that garlic and select constituents activate not only CAR, but can also lead to the activation of Nrf2.
(ES07091, ES011646, DK068039)
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RAPID ESTROGEN-INDUCED SERINE
PHOSPHORYLATION OF NRF-1 AND ITS
IMPLICATIONS IN THE GROWTH OF BREAST
CANCER CELLS
Y. Zou, Q. Felty and D. Roy. Environmental & Occupational Health, Florida
International University, Miami, FL.
Nuclear respiratory factor 1 (NRF-1) is an oxidant sensitive transcription factor involved in the transcription of nuclear genes that control mitochondrial DNA replication and mitochondrial biogenesis. NRF-1 plays an expected role as a regulator of
cell cycle genes because its DNA binding site was recently identified in genes involved in DNA replication, mitosis, and cytokinesis. In this study, we show that
physiological concentrations of 17β-estradiol (E2) or hydrogen peroxide induce a

rapid serine phosphorylation of NRF-1, however the level of unphosphorylated
NRF-1 did not change with treatment. Co-treatment with ebselen and N-acetylcysteine inhibited E2-induced serine phosphorylation of NRF-1 in estrogen responsive
breast cancer cells. Binding of NRF-1 to DNA can occur without phosphorylation,
but increased binding and transcriptional activation are both enhanced by its phosphorylation. These findings suggest that the mechanism for E2-induced serine
phosphorylation of NRF-1 depends on the redox environment of the cell. Since oxidative estrogen metabolites are known to stimulate the proliferation of breast cancer cells, it is possible that they signal the activation of NRF-1. Based on increased
NRF-1 DNA binding and phosphorylation estrogen treated MCF-7 cells, it appears that this redox sensitive transcription factor is a target of estrogen.
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PROMOTER ANALYSIS OF ESTROGEN RESPONSIVE
GENES
D. Humes, J. Burt, L. Burgoon and T. Zacharewski. Biochemistry and Molecular
Biology, Center for Integrative Toxicology, and NFSTC, Michigan State University,
East Lansing, MI.
Ethynyl estradiol (EE) elicited gene expression in the uterus, mammary gland, liver,
kidney and femur were examined in immature, ovariectomized C57BL/6 mice.
Mice were gavaged with 100ug/kg EE and tissues were harvested after 2, 4, 8, 12,
18, and 24hrs or at 72hrs following three consecutive daily doses. cDNA microarrays containing 13361 clones (7810 unique, annotated genes) were used to compare gene expression profiles of EE treated animals to time-matched, vehicle controls. Active gene lists were compiled for each tissue using a model-based
t-value/empirical Bayes method based upon filtering by P1(t) values. Lists of 5168,
1753, 4348, 1710, and 889 for the uterus, mammary gland, liver, kidney and
femur, respectively, were compared for common gene expression changes. Forty
seven active genes were overlapping in the 5 data sets and 464 genes were active in
at least 4 of the tissues. Genes associated with proliferation were highly represented
in all tissues examined although temporal expression patterns were highly divergent
between the tissues. BLASTN alignment of the regulatory region of the overlapping genes (-5000 to +1000 relative to the TSS) uncovered a conserved ALU-B1
DNA element in over 80% of the active genes (E-value<=1e-30). This region is enriched in the estrogen responsive genes as it was found to only occur in 33% of the
regulatory regions of all genes within the genome. This ALU-B1 DNA element also
contains potential DNA methylation sites, consistent with the identification of a
number of estrogen regulated DNA methylation genes which could contribute to
differential tissue responses. Computational regulatory motif search analysis also
identified putative regulatory elements overrepresented in the overlapping active
gene lists when compared to a set of non-responsive genes. Regulatory networks
have been built based on the clustering of these overrepresented groups. This integrated analysis has identified numerous responsive genes and putative DNA elements that may be important in estrogen signaling. NIH grants ES 011271 and T32
ES07255.
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TIME DEPENDENT MICROARRAY ANALYSIS OF 17βESTRADIOL ELICITED CHANGES IN MOUSE HEPA1C1C7 GENE EXPRESSION
Y. Tan, C. J. Fong, L. D. Burgoon and T. R. Zacharewski. Department of
Biochemistry and Molecular Biology, Center for Integrative Toxicology, National Food
Safety and Toxicology Center, Michigan State University, East Lansing, MI.
Estrogens elicit diverse responses in various target tissues including the liver. In
order to assess the effects of 10 nM 17β-estradiol (E2) on mouse hepatoma Hepa1c1c7 gene expression, cDNA microarrays containing 13,361 clones representing
7,952 unique genes, were used to examine temporal changes following treatment in
phenol red free DMEM/F12 media supplemented with dextran coated charcoal
treated serum at 1, 2, 4, 8, 12, and 24 hours. Empirical Bayes analysis identified
1,134 (P1(t) > 0.999) unique gene expression changes representing functions associated with cellular proliferation, cytoskeletal organization, cholesterol transport
and metabolism, fatty acid oxidation and oxidative stress that can be represented by
five k-means clusters. Many gene specific changes are consistent with reported estrogen-mediated pathways such as E2 induction of G1 Ç S transition biomarkers
Calm3, Gspt1, Plk2 and Ppp3ca. Changes in actin and microtubule organization
occur in preparation for proliferation by increasing monomers (Acta2, Tubb4) and
restructuring enzymes (Arpc5, Kif2a). Lipid pathway modifications include increases in low density lipoprotein receptors (Lrp1, Lrp10, Vldlr) for cholesterol uptake, supporting the antiatherosclerotic properties of estrogens, and increases in
fatty acid oxidation genes (Acads, Acadl), in agreement with the role of estrogens in
lipid homeostasis. Comparison of the in vitro profile to a comparable ethynylestradiol-elicited hepatic gene expression changes in C57BL/6 mice revealed 50% of the
genes exhibit well correlated (ρ = 0.5) expression patterns. This study demonstrates
that E2-elicited responses in Hepa-1c1c7 cells are comparable to in vivo induced
gene expression responses only for specific pathways. Consequently, Hepa1c1c7
cells may only be suitable for studies investigating specific mechanisms such as
those affecting proliferation and lipid transport and metabolism. Supported by R01
ES11271.
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TAMOXIFEN-INDUCED CHANGES IN HEPATIC GENE
EXPRESSION: AGONIST AND ANTAGONIST
ACTIVITIES OF THIS SELECTIVE ESTROGEN
RECEPTOR MODULATOR (SERM)

A. D. Benninghoff and D. E. Williams. Environmental and Molecular Toxicology,
Oregon State University, Corvallis, OR.
Estrogens are known promoters of hepatocellular carcinoma (HCC) in several animal models, and there is concern that the long-term use of estrogenic oral contraceptives may be associated with increased risk of HCC in humans. Moreover, the
efficacy of TAM in the treatment or prevention of HCC has been the subject of recent clinical trials and animal experimental studies. Because the activities of SERMs
depend on the estrogen receptor (ER) subtype present, the expression of co-regulators and the nature of the target gene promoter, SERM treatment may elicit a broad
range of transcriptional responses. The goal of this study was to evaluate ER agonist
or antagonist activity of TAM in the regulation of hepatic gene expression in juvenile rainbow trout (Oncorhynchus mykiss), a well-known model of estrogen-promoted HCC. Fish were exposed via the diet for two weeks to 5 ppm estradiol (E2),
50 ppm TAM and 5 ppm E2 + 50 ppm TAM. Hepatic gene expression profiles
were evaluated utilizing a custom rainbow trout DNA microarray with probes targeting approximately 1400 genes relevant to carcinogenesis, toxicology, endocrinology and immunology. In males, E2 exposure altered the expression of 34 genes involved in reproduction and development, immune response, cell growth,
transcriptional regulation, protein synthesis and modification, drug metabolism,
redox regulation and signal transduction. TAM also increased expression of several
genes important for reproduction and development in a manner similar to E2; one
gene, prostaglandin D synthase, was exclusively down-regulated by TAM exposure.
Alternatively, TAM antagonized E2-induced changes in expression of 21 genes including some involved with cell growth, protein synthesis and immune response.
These data show that tamoxifen has dual, contrasting transcriptional activities in
the liver. It expected that these results will provide further insight into the complex
transcriptional responses to SERMs.
Grant support: NIEHS P30ES003850 and T32ES007060
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ESTROGEN RECEPTOR-INDEPENDENT INHIBITION
OF TUMOR NECROSIS FACTOR-α GENE EXPRESSION
BY PHYTOESTROGEN EQUOL IS MEDIATED BY
BLOCKING NUCLEAR FACTOR-κB ACTIVATION IN
MOUSE MACROPHAGES

J. Kang, Y. Yoon, M. Han, S. Han, S. Park and H. Kim. Bioevaluation Center,
Korea Research Institute of Bioscience and Biotechnology, Taejon, South Korea.
Equol, a phytoestrogen, is known to have anticarcinogenic, antiosteoporotic and
cardiovascular protective activities. In the present study, we examined the effect of
equol on tumor necrosis factor-α (TNF-α) production and gene expression. In
vivo administration of equol inhibited TNF-α production by peritoneal
macrophages isolated from LPS-treated mice. Equol also dose-dependently inhibited TNF-α production and TNF-α mRNA expression in LPS-stimulated mouse
macrophages. Pretreatment of cells with ICI 182.780, an estrogen receptor antagonist, had no effect on the inhibitory efficacy of equol on LPS-induced TNF-α production. Further study demonstrated that equol inhibited NF-κB DNA binding
and NF-κB-dependent reporter gene expression in activated RAW 264.7 cells.
Moreover, equol blocked degradation of IκBα and IκBβ and nuclear translocation
of p65 subunit of NF-κB in activated RAW 264.7 cells. These results suggest that
the inhibitory effect of equol on TNF-α expression is mediated, at least in part, by
blocking NF-κB activation and this effect is estrogen receptor independent.
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TEMPORAL AND DOSE RESPONSE UTERINE GENE
EXPRESSION ANALYSIS OF TAMOXIFEN TREATED
C57BL/6 MICE BY CDNA MICROARRAY

C. J. Fong, L. D. Burgoon and T. R. Zacharewski. Biochemistry and Molecular
Biology, Center for Integrative Toxicolocy, National Food Safety and Toxicology Center,
Michigan State University, East Lansing, MI.
Tamoxifen (TAM) is the preferred treatment for estrogen receptor positive breast
cancer, but has partial agonist activity on uterine tissue potentially contributing to
neoplasia. Uterine temporal and dose response gene expression profiles of TAM
treated immature, ovariectomized C57BL/6 mice were examined using cDNA microarrays, containing 13361 clones representing 7952 unique genes. Three daily
oral doses of 1, 3, 10, 30, 100, 300, 1000µg/kg TAM or sesame oil vehicle were
used to establish an uterotropic EC50 of 33.7µg/kg. Uterine wet weight was induced 9-fold with 100 µg/kg ethynyl estradiol (EE) whereas maximal TAM induction to 4.5-fold was observed at 100, 300, and 1000µg/kg. Temporal expression
elicited by 100µg/kg TAM was investigated at 2, 4, 8, 12, 18 and 24h and at 72h
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after three consecutive daily doses (3x24h). Empirical Bayes analysis identified
3828 active features (P1(t) > 0.999 and > 1.5-fold change), representing 2235
unique annotated genes. Comparison to a parallel EE experiment identified 1684
active genes in both data sets with 941 exhibiting well correlated (ρ ≥ 0.5) expression profiles across time. 172 genes also exhibited TAM elicited dose responses with
EC50 values ranging from 15 to 190µg/kg and -10.8 to 183-fold changes in transcript levels. Functional annotation for common TAM and EE elicited gene expression changes were associated with cholesterol transport and metabolism, oxidative
stress, angiogenesis and cell cycle progression. Although morphometric measurements and PCNA immunohistochemistry staining indicate comparable EE and
TAM elicited phenotypic responses, specific gene expression differences were observed. For example, serine protease kallikrein 26 (80-fold), survival gene Mras
(3.3-fold) and proliferative gene Plk2 (3.6-fold) were all induced by TAM at 3x24h.
These markers are also implicated in epithelial and B-cell malignancies and provide
potential mechanistic insight to the neoplastic promoting properties of TAM.
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PUTATIVE ROLE OF THE STEROID AND XENOBIOTIC
RECEPTOR (SXR) IN THE MECHANISM OF HLA-DRα
INDUCTION BY RIFAMPICIN
E. Fuentes-Mattei1, 3, L. Quattrochi2, J. Barwick2, P. S. Guzelian2 and B. D.
Jimenez1, 3. 1Biochemistry, UPR Medical Sciences Campus, San Juan, Puerto Rico,
2
Gastroenterology/Medical Toxicology, University of Colorado Health Sciences Center,
Denver, CO and 3Center for Environmental And Toxicological Research, UPR
Medical Sciences Campus, San Juan, Puerto Rico.
Regulation of MHC class II gene expression is of considerable interest to the medical community due to its key role in immune function. Some evidence suggests
that the expression of MHC class II proteins in non-Antigen Presenting Cells (nonAPCs) such as tumor cells boost immune response better against these cells, however, the mechanism of this ectopic expression is unknown. The nuclear receptor,
pregnane X receptor (PXR, SXR), acts as a sensor for a broad range of natural and
synthetic xenobiotics, which mediates the induction of cytochrome P4503A
(CYP3A) as well as other drug metabolizing enzymes. We previously showed that
the PXR activator, PCN, induced the transcription and protein level of MHC class
II in primary rat hepatocytes. This finding triggered further research on the role of
SXR and its activators on the regulation of genes involved in the immune response.
To examine the molecular mechanism by which SXR and its activator rifampicin
induce MHC II expression at the transcriptional level, we transiently transfected
HT-1080 human fibrosarcoma and BEAS-2B human epithelial cell lines with the
300bp HLA-DRα promoter coupled to the luciferase reporter gene. Our results
show that rifampicin induces (~2-folds) promoter activity in both of these cell lines.
We identified five potential SXR DNA binding elements (SXREs) in the HLADRα promoter. Using gel shift assays, we demonstrate that the in vitro SXR/RXR
heterodimers bind to at least three of the five identified SXREs. These observations
suggest a direct mechanism in transcriptional induction of HLA-DRα, and thus
augment the understanding of SXR (PXR) role in the homeostasis of genes involved in the immune function, such as MHC class II. This research provides new
insight into novel pathways of immune regulation.
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ARNT1 HAS A ROLE IN THE INNATE IMMUNE
RESPONSE IN HUMAN KERATINOCYTES
K. N. De Abrew1, A. L. Gibson2 and B. Allen-Hoffmann1, 2. 1Molecular and
Environmental Toxicology Center, University of Wisconsin, Madison, WI and
2
Pathology and Laboratory Medicine, University of Wisconsin, Madison, WI.
Skin-specific targeted disruption of the Aryl Hydrocarbon Nuclear Translocator
(ARNT) in mice results in early neonatal death due to compromised barrier function of the skin leading to severe dehydration. ARNT, a member of the basic-helixloop-helix PAS (bHLH-PAS) family is a ubiquitous transcription factor that is involved in cellular sensing of the environment. Both ARNT1 and ARNT2 have
been shown to dimerize with the Aryl hydrocarbon Receptor (AhR) in response to
environmental contaminants. The role of ARNT2 in skin is not known, even
though a recent study maps the disease gene locus of the skin disorder DSAP to the
same region as ARNT2 in humans. DSAP is a cutaneous disorder of keratinization
observed in sun exposed areas of the skin. Rodent skin and human skin, although
similar in protecting against dehydration and maintaining body temperature, exhibit numerous differences such as density of epidermal appendages, vascularity,
overall thickness, and barrier function. We have previously reported that ARNT2 as
well as ARNT1 proteins are expressed in human keratinocytes. We have also shown
that specific knock down of ARNT1 in monolayer cultures of human keratinocytes
using RNAi does not affect the growth and viability of these cells even though the
CYP1A1 adaptive pathway is down regulated. We further report that knock down
of ARNT1 in human keratinocytes upregulates a set of novel genes that are implicated in the innate immune response of skin. These genes have not previously been
associated with the AhR/ARNT pathway. Our studies suggest that ARNT1 may
play an inhibitory role in skin differentiation and show that knock down of
ARNT1 results in expedited terminal differentiation of human keratinocytes.
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BETA-TUBULIN INHIBITS THE HYPOXIA INDUCIBLE
FACTOR-1ALPHA SIGNALING IN MCF7 CELLS

X. Wang, K. A. Jensen and W. K. Chan. Thomas J. Long School of Pharmacy and
Health Sciences, University of the Pacific, Stockton, CA.
From the insect Sf9 cytosol, we isolated a β-tubulin enriched fraction (F5) which
suppresses the Ah receptor/Ah receptor nuclear translocator/dioxin response element (AhR/Arnt/DRE) complex formation in a gel shift assay. The identity of βtubulin in F5 was based on the N-terminus sequence MREIVHIQAGQCGN obtained from Edman degradation of a purified sample after 2D gel electrophoresis.
Tubulin enriched from pig brain had a similar inhibition of the AhR gel shift complex, suggesting that β-tubulin in F5 is likely responsible for the action. Using the
TALON resin, β-tubulin in F5 was co-precipitated with the baculovirus expressed
6His-Arnt, showing that β-tubulin interacts with Arnt. This finding prompted us
to examine whether β-tubulin affects the hypoxia inducible factor-1α (HIF-1α)
signaling which is also Arnt-dependent. Our hypothesis is that β-tubulin may alter
the HIF-1α/Arnt interaction, leading to the suppression of the HIF-1α dependent
target gene expression in cell lines. Gel shift data using baculovirus expressed HIF1α and Arnt showed that F5 suppressed the formation of the HIF-1α/Arnt/HRE
complex in a manner similar to AhR. Subsequently we cloned the Sf9 β-tubulin by
RACE PCR using a Sf9 cDNA library and identified about 90% of its full-length
sequence. From the sequence analysis, the amino acid sequence of Sf9 β-tubulin
shares >93% sequence identity with three human β-tubulin proteins. Upon transient transfection of a plasmid containing a human β-tubulin cDNA into MCF7
cells, the cobalt chloride-dependent upregulation of the HRE-driven luciferase activity was clearly suppressed in a dose-dependent manner. In conclusion, we have
evidence that β-tubulin inhibits the HIF-1α signaling in MCF7 cells and the
mechanism may involve the interaction between Arnt and β-tubulin. (This work is
supported by the NIH grant ES09794.)
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MODULATION OF HYPOXIA-INDUCIBLE FACTOR
MEDIATED GENE EXPRESSIONS BY FLAVONOIDS

A. Lulla, L. Muppana and S. Park. St. John’s University, Queens, NY.
Hypoxia inducible factor-alpha (HIF-alpha) is the master transcriptional regulator
that coordinates the physiological hypoxic adaptation in response to low oxygen
tension by increasing expression of genes required for angiogenesis, glycolysis, and
blood oxygen transport, etc. Its uncontrolled transcriptional activity has been implicated in various hypoxia-related human pathogenic conditions, including tumorigenesis. Flavonoids, polyphenolic compounds widely distributed in many beverages and food products of plant origin, have been recognized as cancer
chemopreventive agents. It was initially thought that anti-cancer activities of these
flavonoids were attributed to their effects on cell-cycle arrest and apoptosis. Recent
studies, however, suggested that some of the anti-cancer, especially anti-angiogenic
activities of the flavonoids, like apigenin, might be explained by its inhibitory effects on vascular endothelial growth factor (VEGF) expression, which results from
downregulation of HIF-mediated transcription. In contrast, other flavone compounds seem to have opposite effects on hypoxia-inducible gene expression and
HIF-alpha protein stability. Here, we examined the pharmacological effects of several structurally related flavonoid compounds on transcriptional activity of HIF in
different cell types. Some of the effects of flavonoids on HIF activity is cell-type dependent. For instance, quercetin, which was known to stimulate HIF-dependent
transcriptional activity in human hepatocarcinoma cells, lacks such ability in other
cell types. Also, alteration of HIF-dependent transcription by flavonoids was restricted to certain flavonoids, implicating structural requirement for this pharmacological actions. It is expected that this study helps define molecular target of these
dietary compounds and elucidate cellular mechanism for their anti-proliferative action in hypoxic cells.
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HYPOXIA-INDUCIBLE FACTOR-1ALPHA ACTIVATION
BY METALLOTHIONEIN IN THE HUMAN
ENDOTHELIAL-LIKE ECV304 CELL LINE UNDER
NORMOXIC CONDITIONS

H. Kim1, 2 and H. Jeong1, 2. 1Pharmacy, Chosun University, Kwangju, Kwangju,
South Korea and 2Research Center for Proteineous Materials, Chosun University,
Kwangju, South Korea.
Metallothioneins-I, II (MT-I, II) are metal-binding proteins that are expressed in
many tissues and protect cells and organs against metal toxicity and oxidants. MTI and MT-II contribute to the resistance of mammalian cells to reactive oxygen intermediates and that may regulate both cellular proliferation and apoptotic pathway. In this study, we investigated the effects of hypoxia inducible factor-1alpha

(HIF-1alpha) activation by MT-I and MT-II in the human endothelial-like
ECV304 cell line under normoxic conditions. Treatment with MT-I and MT-II increased stabilization and transactivation of HIF-1alpha. Furthermore, MT-I and
MT-II induced the phophorylation of ERK in the regulation of HIF-1alpha stabilization. These results demonstrate that MT-I and MT-II up-regulates the stabilization HIF-1alpha and stimulates the transactivational activity of HIF-1alpha via
ERK1/2 phosphorylation.

1346

HNF4ALPHA DYSFUNCTION IN DRUG-INDUCED
LIVER TOXICITY

J. Borlak and M. Niehof. Fraunhofer Institut of Toxicology and Experimental
Medicine, Hannover, Germany.
Gene expression profiling of hepatotoxins has produced informative transcript signatures but little is known about the molecular events leading to altered gene expression. Notably, the observed hepatotoxicity may be traced back to modulation of
liver enriched transcription factor action. Specifically, HNF4alpha is a zinc-finger
transcription factor and a member of the hepatic transcription factor network. It is
a key player in liver biology and drives hepatocyte differentiation. This factor contacts regulatory elements of a large number of genes coding for carbohydrate, lipid,
steroid, xenobiotic and amino acid metabolism. Indeed, expression and proper
function of cytochrome P450 (CYP) monooxygenases is dependent on HNF4alpha
regulation. We have shown in the past that treatment of rat hepatocyte cultures or
of the human intestinal cell line Caco-2 with the PCB mixture Aroclor 1254 resulted in strong induction of HNF4alpha. Altered protein/DNA interactions of
HNF4alpha may serve as predictor for toxicity. This is why an identification of
novel HNF4alpha target genes is of particular interest to molecular toxicology.
Here we report the search and characterization of novel HNF4alpha gene targets by
the use of the chromatin immunoprecipitation (ChIP) cloning procedure and a
bioinformatic approach to predict additional recognition sites of HNF4alpha candidate genes. Identification of novel HNF4alpha gene targets was confirmed by
n=3 independent ChIP experiments. Additionally, in vitro binding was confirmed
by electrophoretic mobility shift assays (EMSA) and by measuring transcript expression of newly identified gene targets by qRT-PCR. The novel HNF4alpha targets code for metabolic functions, ion transport, development, mRNA processing,
cell cycle and signal transduction. Currently, we employ the ChIP assay for microarray studies (“ChIP-chip” analyses) to investigate the genome wide network of
HNF4alpha regulated genes for an improved identification of predictors of liver
toxicity.
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THE TRANSCRIPTION FACTOR NRF2 CONTROLS THE
EXPRESSION OF HEME OXYGENASE-1 AND PHASE IIRELATED GENES IN CELLS EXPOSED TO AQUEOUS
EXTRACTS OF CIGARETTE SMOKE

A. Hengstermann1, C. Knoerr-Wittmann1, S. Gebel1, J. Alam2 and T. Mueller1.
1
PHILIP MORRIS Research Laboratories GmbH, Cologne, Germany and
2
Department of Molecular Genetics, Alton Ochsner Clinic Foundation, New Orleans,
LA. Sponsor: H. Haussmann.
Exposure of cells and tissues to cigarette smoke (CS) triggers a pronounced anti-oxidant response, which is hallmarked by the transcriptional up-regulation of heme
oxygenase-1 (hmox1), initiating a self-protection mechanism resulting in the formation of endogenous antioxidant molecules, i.e., biliverdin and bilirubin from intracellular heme moieties. To characterize the regulatory elements involved in CS-mediated hmox1 expression, we studied the expression of various hmox1
promoter/luciferase reporter constructs in NIH3T3 cells exposed to aqueous extracts of CS. The results showed that the CS-dependent expression of hmox1 is governed primarily by the distal enhancers 1 and 2, both of which contain three canonical anti-oxidant responsive element (ARE)-like stress responsive elements. These
sites are potentially addressed by the transcription-factor Nrf2, a principal inducer
of antioxidant and Phase II-related genes. As shown by Western-blot analysis, Nrf2
was strongly stabilized and became detectable in nuclear extracts in cells exposed to
aqueous extracts of CS. Furthermore, nuclear localization of Nrf2 coincided with
increased DNA binding of a putative Nrf2/MafK heterodimer to ARE, as determined by EMSA. Notably, siRNA-mediated knock-down of Nrf2 expression significantly compromised both CS-induced hmox1 promoter activation and HO-1
expression. Finally, by using this approach CS-induced expression of Phase II-related genes NAD(P)H:quinone oxidoreductase and glutamate-cysteine ligase, catalytic subunit was shown to be completely abrogated, as determined by Real Time
quantitative PCR.
Taken together, these results add to the understanding of the central role of Nrf2 in
the context of CS-mediated oxidative stress by orchestrating an efficient transcriptional response aimed at resolving the stressing conditions.

1348

MOUSE EMBRYONIC FIBROBLASTS FROM NRF2DEFICIENT MICE DISPLAY INCREASED OXIDATIVE
DAMAGE FOLLOWING EXPOSURE TO DIQUAT
W. O. Osburn1, N. Wakabayashi1, T. Nilles2, V. Misra1, S. Biswal1, M. A.
Trush1 and T. W. Kensler1. 1Environmental Health Sciences, Johns Hopkins
University Bloomberg School of Public Health, Baltimore, MD and 2Molecular
Microbiology and Immunology, Johns Hopkins University Bloomberg School of Public
Health, Baltimore, MD.
The transcription factor, NF-E2-related factor 2 (Nrf2), has been shown to regulate
the expression of many antioxidative genes, as well as genes involved in the production of reducing equivalents. The present study utilized mouse embryonic fibroblasts derived from nrf2 -/- mice (N0) and nrf2 +/+ mice (WT) to examine the role
of Nrf2 on the basal regulation of these enzymes in defense against oxidative stress.
Microarray analysis revealed that N0 cells have decreased mRNA expression of glutathione peroxidase 4 (gpx4) (50%), peroxiredoxin 3 (prdx3) (55%), thioredoxin 2
(txn2) (38%) and glutamate-cysteine ligase, catalytic subunit (gclc) (52%) compared to WT cells, representing a potential decreased antioxidant capacity in N0
cells. Diquat dibromide (DQ), a redox cycling bipyridylium herbicide, was used to
generate superoxide anion. Isolated mitochondria from both cell lines produced
equivalent amounts of reactive oxygen species (ROS), following treatment with
DQ, indicating a similar capacity to generate ROS. N0 cells exposed to increasing
doses of DQ for 24-hr exhibited markedly decreased cell viability compared to WT
cells. ATP depletion, loss of aconitase activity, levels of lipid peroxidation products
and degree of glutathione (GSH) oxidation were increased in N0 cells, but not WT
cells following a 24-hr exposure to DQ, suggesting that the N0 cells experienced increased oxidative stress. Similarly, increased levels of ROS were detected by 2’,7’dichlorofluorescein fluorescence in N0 cells but not WT cells following a 13-hr
DQ exposure. Additionally, total GSH increased in WT cells, but not N0 cells following a 24-hr exposure to DQ. Taken together, these results directly indicate that
Nrf2 regulates an adaptive response that protects cells against oxidative stress.
Supported by NIEHS training grant T32ES07141 and NCI R01 grant CA94076.
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INDUCTION OF RENAL HEME OXYGENASE-1 (HO-1)
VIA NF-E2-RELATED FACTOR 2 (NRF2) IN A RAT AND
MOUSE MODEL OF HEPATIC ISCHEMIAREPERFUSION INJURY
Y. Tanaka, J. M. Maher, C. Chen and C. D. Klaassen. Pharmacology, University
of Kansas Medical Center, Kansas City, KS.
Hepatic ischemia-reperfusion (IR) results in release of tumor necrosis factor α
(TNFα) through activation of Kupffer cells, leading not only to localized hepatic
injury but also to remote organ dysfunction. HO-1 is an ubiquitously expressed enzyme that is induced by various stimuli, including proinflammatory cytokines, and
it exerts anti-inflammatory functions. The purpose of this study was to determine
whether hepatic IR injury and the resultant Kupffer cell activation alters the expression of HO-1 in kidney. Male Sprague-Dawley rats were subjected to 60 min of
partial hepatic ischemia. After the following periods of reperfusion (0, 3, 6, 24 and
48 hrs), the ischemic lobes were harvested as well as kidneys, and the following were
determined: 1) creatinine clearance, 2) mRNA and protein expression of HO-1 and
mRNA expression of NQO-1 in liver and kidney, 3) serum levels of TNFα, 4)
mRNA expression and nuclear protein levels of Nrf2 to investigate whether altered
expression of HO-1 following IR is associated with an increase in Nrf2. After reperfusion: 1) creatinine clearance was decreased, 2) mRNA and protein expression of
HO-1 in liver and especially in kidney were dramatically increased, and mRNA expression of NQO-1 in kidney was also induced, 3) serum TNFα was increased, and
4) mRNA expression of Nrf2 in liver and kidney was not altered, but nuclear protein levels of Nrf2 in kidney were increased. Pretreatment with gadolinium chloride
to deplete Kupffer cells before IR 1) inhibited the increased mRNA expression of
HO-1 in kidney, 2) attenuated TNFα, and 3) blocked the increased Nrf2 nuclear
protein levels. Furthermore, similar IR experiments in Nrf2-null mice were conducted as performed in rats. After reperfusion, mRNA expression of HO-1 in kidneys increased in Nrf2 wild-type mice, but induction of HO-1 was attenuated in
Nrf2-null mice. These results suggest that induction of HO-1 in kidneys may protect them from injury after hepatic IR. (Supported by NIH grant ES-09649, ES09716, and ES-07079)
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REGULATION OF METALLOTHIONEIN-III GENE
EXPRESSION BY PHYSICAL INTERACTION OF P53
WITH P300
H. G. Kim1, 2 and H. Jeong1, 2. 1Pharmacy, Chosun University, Kwangju, Kwangju,
South Korea and 2Research Center for Proteineous Materials, Chosun University,
Kwangju, South Korea.
Metallothionein (MT) gene family consists of several members that are tightly regulated during development. MT-I and MT-II are expressed in many tissues, including the brain, whereas MT-III is expressed mainly in the central nervous system.
MT-I or MT-II expression is regulated by metals like as zinc or cadmium. However,
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the transcriptional regulation mechanism of MT-III expression is still obscure, although MT-III is expressed in the brain. In this study, we investigated the transcription factor of strength and specificity of MT-III promoter region, and we designed sever point mutations of nuclear factor binding site form nucleotide -1243
to +72 to a luciferase reporter gene. The luciferase activity of MT-III promoter was
increased in the human neuroblastoma cell line, SHSY5Y after the cotransfection of
p300. Interestingly, the activity of MT-III promoter was dramatically increased
after the cotransfection of p300 and p53 compared with p300 alone. Furthermore,
the activity of MT-III promoter was significantly decreased in the point mutation
of p53 binding site. These results suggested that the expression of MT-III could be
regulated by physical interaction of p53 with p300.

1351

METALLOTHIONEIN-III UPREGULATES HEME
OXYGENASE-1 EXPRESSION VIA ACTIVATION OF NFE2-RELATED FACTOR 2 IN NEURO2A CELLS

Y. Hwang1 and H. Jeong1, 2. 1Pharmacy, Chosun University, Kwangju, Kwangju,
South Korea and 2Research Center for Proteineous Materials, Chosun University,
Kwangju, South Korea.
Metallothioneins (MTs) are low molecular weight, metal-binding proteins with established antioxidant capabilities. The expression and induction of MTs have been
associated with protection against DNA damage, oxidative stress and apoptosis.
MT-III, a number of MT family, is expressed in brain in contrast to MT-I and MTII, those are found in most tissue. The mechanism of its protective effects is not
fully understood. In this work, we assessed the ability of MT-III to upregulate heme
oxygenase-1 (HO-1) gene expression via activation of NF-E2-related factor 2
(Nrf2) in cultured neuro2A cells. Nrf2 is a transcription factor involved in the cellular protection against oxidative stress through antioxidant response element
(ARE)-directed induction of several antioxidant enzymes such as HO-1. Here, we
report that MT-III induces HO-1 expression via the ARE-mediated transcriptional
activation of Nrf2. Moreover, neuro2A cells treated with MT-III exhibited transient
activation of extracellular signal-regulated protein kinase 1/2 (ERK1/2). PD98059,
pharmacological inhibitors of MEK1/2 which are upstream of ERK1/2, attenuated
MT-III-induced HO-1 expression. Taken together, the above findings suggest that
MT-III augments cellular antioxidant defense capacity through induction of HO-1
via Nrf2-ARE signaling, thereby protecting neuro2A cells from oxidative stress.

1352

REGULATION OF THE STEROIDOGENIC ACUTE
REGULATORY PROTEIN (STAR) BY CYCLIC
ADENOSINE MONOPHOSPHATE (CAMP) AND
TRANSFORMING GROWTH FACTOR-BETA (TGF-β) IN
LARGEMOUTH BASS

M. S. Prucha1, R. J. Kocerha2 and N. D. Denslow3. 1Pharmacology, University of
Florida, Gainesville, FL, 2Scripps Research Institute, West Palm Beach, FL and
3
Physiological Sciences, University of Florida, Gainesville, FL.
StAR is the protein involved in the rate-limiting step in steroid production and is
tightly controlled transcriptionally and translationally. StAR transports cholesterol
across the mitochondrial membrane for metabolism into steroids. We cloned the
entire coding region of largemouth bass (LMB) StAR and used this sequence to develop a real-time PCR assay to quantify StAR mRNA levels in LMB ovarian follicle
cultures. TGF-β and dbcAMP are two potent signaling molecules known to regulate mammalian steroidogenesis. Using LMB ovarian follicle cultures, StAR levels
were measured after treatment with either TGF-β or dbcAMP. Dose response experiments at 0.25, 0.5, 0.75, and 1mM dbcAMP showed increased mRNA expression that saturated between 0.75mM and 1mM dbcAMP. However, TGF-β downregulated StAR mRNA by 2.3 fold after 14h. To further analyze the regulation of
LMB StAR, a 3kb portion of the promoter was cloned. In silico analysis of this segment with other StAR promoters available in the database showed conservation of
putative regulatory sites, which implies control by a wide range of transcription factors. The bass 3kb promoter segment was transfected into Y-1 cells, a mouse
adrenocortical cell line, and tested with dbcAMP and TGF-β. The 3kb construct
and a 1.8kb deletion construct responded positively to dbcAMP, but only the 1.8kb
construct was repressed by almost 2-fold after a 40h incubation with 10ng/ml
TGF-β, suggesting that additional control regions are present in the segment between 1.8kb and 3kb. Transfections with the 3kb promoter in MA-10 cells, a
mouse Leydig tumor cell line, are being conducted to examine the potential for differential regulation of StAR transcription by TGF-β. Altogether, these data suggest
that StAR is regulated in lower vertebrates by dbcAMP and TGF-β signaling pathways, and in a similar manner as in mammals. Supported in part by ES07375.
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THE IDENTIFICATION OF HSF1-DEPENDENT GENE
TRANSCRIPTION IN RESPONSE TO PROTEOTOXIC
STRESS

T. Page1, L. Yang1, L. Pluta1, R. Wolfinger2 and R. Thomas1. 1CIIT, Research
Triangle Park, NC and 2SAS Institute, Cary, NC.
The transcriptional program activated by proteotoxic stressors is a broad-based,
adaptive response that is caused by a variety of chemical and physical agents.
Traditionally, the transcriptional program has been referred to as the heat shock response and, in mammalian cells, the transcription factor HSF1 is the predominant
regulator. At low doses of a proteotoxic agent, the adaptive response is critical for
cellular survival, underscoring the need for understanding how this transcriptional
program shapes the dose response curve. Our hypothesis is that the identification of
the genomic targets of HSF1 will provide insight into the molecular mechanisms
that underlie an organism’s ability to mount a defensive response against proteotoxic stress in the low dose region. To test this hypothesis, time course microarray analysis was performed on HeLa cells following heat shock, together with
siRNA-mediated inhibition of HSF1 to identify genes that were transcriptionally
altered and dependent on the presence of HSF1. The results demonstrated that
HSF1 regulates a variety of genes directly and indirectly related to cell survival,
ranging from those assisting in protein folding and degradation (DNAJB4,
DNAJB1, HSPH1, HSPA6) to those mediating apoptosis (BAG3, FAIM3), cell
proliferation (TXNIP), and immunosurveillance (MICB). In addition, HSF1
played a role in maintaining the basal expression of a number of other genes, indicating that regulation of the response to proteotoxic stressors is only a small part of
the functional role of HSF1 within the cell. This work identified important functions of HSF1 both in the presence and absence of thermal stress and, more importantly, the regulation of a diverse battery of genes related to cell survival that may
explain the U-shaped dose response curve for chemicals inducing a minimal
amount of cell stress.

1354

P53 PROTEIN EXPRESSION IN HUMAN LYMPHOCYTES

A. Salazar1, M. Sordo1, E. Miranda-Gonzalez1, 2 and P. Ostrosky-Wegman1.
1
Instituto de Investigaciones Biomedicas, Universidad Nacional Autonoma de Mexico,
Mexico, D.F., Mexico and 2Posgrado de la Facultad de Quimica, Universidad
Nacional Autonoma de Mexico, Mexico D.F., Mexico. Sponsor: J. States.
In response to various types of stress the p53 tumor-suppressor protein exerts antiproliferative effects, including growth arrest and apoptosis. In normal tissues, wild
type protein is present at low levels due to its short half-life, thus p53 protein is
tightly controlled and maintained at low levels in cells by constant ubiquitination
and proteasomal degradation. Alterations in the balance of induction / degradation
could confer differences in the response to genotoxic effects. It has been proposed
that p53 protein induction might be used as an indicator of genotoxic/ carcinogenic damage in cell lines. Since lymphocytes are the main cells used for human
monitoring, p53 expression could become another important end-point in the
evaluation of in vivo exposures. Blood was obtained from 10 healthy donors and
p53 expression was evaluated by immunoblot in non-stimulated and stimulated peripheral lymphocytes. In all but one sample, p53 levels increased when mitotic
index (MI) decreased. However, p53 was expressed in non-proliferating lymphocytes of this one sample. Thus, in general, p53 expression appeared to correlate inversely with lymphocyte proliferation measured by MI. Cells also were treated with
arsenic (As), actinomycin-D (AcD) or ionizing radiation. In two of the samples,
p53 was not observed after As of AcD exposure and only low levels of p53 were observed after ionizing radiation, even when treated with 2 and 4 Gy. To find if these
low levels were related to a faster degradation of the protein, we treated cultures
with a proteasomal inhibitor (MG132). MG132 treatment enabled p53 induction
in response to As and AcD treatment in cultures which did not show any response
in the absence of MG132. Balance of induction / degradation of p53 in lymphocytes could be of relevance in the understanding of individual susceptibility to
xenobiotics.
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PROTECTIVE ROLE OF CAFFEIC ACID PHENETHYL
ESTER (CAPE) ON BI-FUNCTIONAL ALKYLATING
AGENT-INDUCED TOXICITY IN KERATINOCYTES VIA
MODULATION OF NF-KB, P53 AND ARE/EPRE
SIGNALING

G. D. Minsavage and J. F. Dillman. Cell and Molecular Biology Branch,
USAMRICD, Aberdeen Proving Ground, MD.
Human basal keratinocytes are adversely affected by cutaneous exposure to vesicating agents. Both bis-(2-chloroethyl) sulfide [sulfur mustard; SM] and bis-(2chloroethyl) methylamine [nitrogen mustard; NM] are potent bi-functional alkylating agents capable of covalently modifying DNA and protein and causing skin
blisters. Here, potential chemoprotectants were first screened in vitro to identify in-

hibitors of NF-kB and/or p53 signaling, pathways involved in inflammation and
cell death. Human HaCaT keratinocytes stably transfected with an NF-kB-driven
luciferase reporter gene were treated with potential chemoprotectants and exposed
to alkylating agent. Exposure of keratinocytes to 12.5, 50, or 100 µM alkylating
agent maximally activated the NF-kB-driven luciferase reporter gene within 9
hours. At 24 hours after exposure, cell viability was decreased to 50% and 40% for
200 µM SM or NM exposed cells, respectively. A known inhibitor of NF-kB signaling, caffeic acid phenethyl ester (CAPE), decreased reporter gene activity to
below unexposed levels and prevented alkylating agent-induced cell viability loss in
HaCaT cells out to 24 hrs. Furthermore, even post-treatment of cells with CAPE
inhibited alkylating agent-induced NF-kB and p53 signaling, modulated p90RSK
signaling and decreased (in normal human epidermal keratinocytes (NHEKs)) or
prevented (in HaCaT cells) loss of cell viability 24 hours after 200 µM agent exposure. CAPE treatment resulted in accumulation of high molecular weight protein
complexes containing Nrf2 in NHEKs and decreased the steady-state protein levels
of the aryl hydrocarbon receptor (AhR) by 5.5 hrs, particularly in HaCaT cells.
These data suggest that drug-based disruption of NF-kB and p53 signaling and activation of antioxidant response element/electrophilic response element
(ARE/EpRE) signaling pathways may be an effective strategy to identify chemoprotectants against alkylating agent-induced inflammation and cell death signaling.

1356

INHIBITION OF P65 NUCLEAR TRANSLOCATION BY
RADICICOL, HSP90 INHIBITOR

Y. J. Jeon1 and K. Y. Lee2. 1Pharmacology, Chosun University, Kwangju, South Korea
and 2Bionano Center, KRIBB, Taejeon, South Korea. Sponsor: H. Kim.
We demonstrate that radicicol, a macrocyclic antifungal antibiotic originally isolated from Monosporium bonorden, inhibits LPS-induced expression of iNOS
gene in RAW 264.7 cells. Treatment of peritoneal macrophages and RAW 264.7
cells with radicicol inhibited LPS-stimulated nitric oxide production in a dose-related manner. Immunohisto-chemical staining of iNOS and RT-PCR analysis
showed that the decrease of NO was due to the inhibition of iNOS gene expression.
Immunostaining of p65, EMSA, and reporter gene assay showed that radicicol inhibited NF-k/Rel nuclear translocation, DNA binding, and transcriptional activation, respectively. Collectively, this series of experiments indicates that radicicol inhibits iNOS gene expression by blocking NF-k/Rel nuclear translocation. Due to
the critical role that NO release plays in mediating inflammatory responses, the inhibitory effects of radicicol on iNOS suggest that radicicol may represent a useful
anti-inflammatory agent.

1357

CROCIDOLITE EXPOSURE INCREASES NF-κB DNA
BINDING ON THE INOS PROMOTER IN A549 CELLS

L. Buelow and A. E. Aust. Chemistry and Biochemistry, Utah State University,
Logan, UT. Sponsor: J. Veranth.
Asbestos is a naturally occurring mineral that was mined and used commercially
into the 1970’s. It is a known human carcinogen, and has been found to cause cancer of the lung, mesothelium, esophagus and stomach, along with pulmonary interstitial fibrosis. Crocidolite asbestos is the most toxic form of asbestos and the fibers
contain approximately 27% iron by weight. It has been shown in our laboratory
that upon crocidolite treatment there in an increase in mobilized iron and a decrease in intracellular glutathione. The decrease in glutathione is caused by both efflux of reduced glutathione and a decrease in glutathione synthesis. Our laboratory
has shown that iNOS is induced upon crocidolite treatment, and the induction requires both the increase in mobilized iron and decrease in intracellular glutathione.
We are currently investigating the mechanism by which iNOS is induced upon crocidolite treatment. NF-κB is a transcription factor for a large number of genes, including interleukins and iNOS. NF-κB is sequestered in the cytosol by its inhibitor, IκB. There are four isoforms of IκB: IκBα, IκBβ, IκBγ and IκBε, with
IκBα being the most abundant. When IκB is phosphorylated, it is ubiquitinated
and degraded, which allows NF-κB to translocate to the nucleus. There are seven
DNA binding sites for NF-κB on the iNOS promoter. Here we show an increase of
NF-κB DNA binding activity for three of the NF-κB binding sites upon 6 µg/cm2
crocidolite treatment using electrophoretic mobility shift assay. However, we show
that when A549 cells are treated with crocidolite there is no phosphorylation of
IκBα, which is the most common pathway for NF-κB activation. We propose that
exposure to crocidolite results in IκBα independent activation of NF-κB and subsequent NF-κB binding on the iNOS promoter, ultimately resulting in transcription of iNOS (Supported by funds from ES05814-09).
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RELATIONSHIP BETWEEN DRUG-INDUCED INOS-2
GENE INDUCTION AND P450 GENE REPRESSION:
MECHANISTIC DIFFERENCES AMONG DRUG
CLASSES

B. Ganter1, A. Vladimirova1 and R. D. Snyder2. 1Chemogenomics and Toxicology,
Iconix Pharmaceuticals, Mountain View, CA and 2Schering-Plough Research Institute,
Lafayette, NJ.
Nitric oxide (NO), produced following activation of the endothelial inducible nitric oxide synthase (iNOS) has been linked to down-regulation of many hepatic cytochrome P450 genes. The mechanism by which this occurs remains unknown, but
at least one pathway acts through direct inhibition of the DNA-binding activity of
transcription factors, such as HNF-4, that regulate the expression of P450 genes.
The inhibition of HNF-4 occurs through NO-dependent S-nitrosylation of cysteine residues within the DNA binding domain by NO. To further evaluate the
generality of this mechanism, an in-depth correlation analysis of iNOS gene induction and P450 gene repression was carried out using a large toxicogenomics database (DrugMatrix®) containing microarray expression profiles from short, repeat
dose studies in rats for over 630 reference drugs and toxicants. Several different
classes of compounds such as NSAIDs, PDE inhibitors and toxicants were analyzed. These classes of compounds cluster tightly together across all experiments in
liver and heart across the P450 genes examined, and cause repression of up to 22 of
the P450 genes. In the heart, the PDE inhibitors showed the strongest correlation
between P450 gene repression (Cyp 2E1, 51, 2F2, and 1A2 genes) and iNOS induction, whereas in liver, the toxicant class showed the strongest correlation. Our
data support the hypothesis that NO production results in repression of P450 expression. Furthermore, these differences may help to explain tissue-specific toxicities due to altered or impaired drug metabolism.

1359

GLABRIDIN SUPPRESSES INTERCELLULAR ADHESION
MOLECULE-1 EXPRESSION IN TNF-α-STIMULATED
HUMAN UMBILICAL VEIN ENDOTHELIAL CELLS BY
BLOCKING NF-κB/REL ACTIVATION

J. Kang, Y. Yoon, M. Han, S. Han, S. Park and H. Kim. Bioevaluation Center,
Korea Research Institute of Bioscience and Biotechnology, Taejon, South Korea.
Glabridin is known to have anti-inflammatory, antimicrobial and cardiovascular
protective activities. In the present study, we report the inhibitory effect of
glabridin on intercellular adhesion molecule-1 (ICAM-1) expression in tumor
necrosis factor-α (TNF-α)-stimulated human umbilical vein endothelial cells
(HUVECs). Glabridin inhibited THP-1 cell adhesion to HUVECs stimulated by
TNF-α and cell surface expression of ICAM-1 in TNF-α-stimulated HUVECs.
The mRNA expression of adhesion molecules, including ICAM-1, vascular cell adhesion molecule-1 and E-selectin, was also suppressed by glabridin. Further study
demonstrated the inhibitory effect of glabridin on nuclear factor (NF)-κB/Rel
DNA binding, inhibitory factor-κBα (IκBα) and IκBβ degradation, IκB kinase activation and p65 nuclear translocation in TNF-α-stimulated HUVECs. Treatment
of a variety of cell types with glabridin revealed that inhibitory effect of glabridin on
NF-κB/Rel activation is not cell type-specific and both inducible and constitutive
NF-κB/Rel activation was suppressed by glabridin treatment. Collectively, our results indicate that the inhibitory effect of glabridin on ICAM-1 expression might be
mediated, at least in part, by NF-κB/Rel signaling pathway.

1360

THIOREDOXIN-2 OXIDATION BY TUMOR NECROSIS
FACTOR-ALPHA STIMULATION

J. Hansen1, H. Zhang2 and D. P. Jones2. 1Department of Pediatrics, Emory
University, Atlanta, GA and 2Department of Medicine, Emory University, Atlanta, GA.
Tumor necrosis factor-α (TNFα) is a cytokine that is involved in the pathogenesis
of multiple diseases. TNFα signaling begins with extracellular binding to the TNFreceptor followed by the subsequent production of reactive oxygen species (ROS)
originating from the mitochondria. ROS is a critical and necessary component of
TNFα signaling. Thioredoxin-2 (Trx2) is an antioxidant specifically located in the
mitochondria and can participate in the detoxification of ROS. We propose that
Trx2 is a specific, selective target during TNF signaling and that Trx2 overexpression will decrease downstream ROS generation and signaling events, including NFκB activation and apoptosis. Trx1 and Trx2 redox states were analyzed by redox
Western techniques. Results showed that after 30 min, TNFα stimulation (0-40
ng/ml) caused oxidation of Trx2 but not Trx1. These results show that Trx1 redox
potentials are independently regulated from Trx2 redox potentials and suggest that
Trx2 may be an important mitochondrial antioxidant. Transient transfection with
Trx2, the active site mutant, C93S Trx2, and Trx1, showed that Trx2 overexpression
decreased TNFα-induced ROS production, but C93S Trx2 and Trx1 had little effect. Treatment with TNFα (20 ng/ml) for 4 hr, induced NF-κB translocation to
the nucleus but was significantly decreased by Trx2 overexpression but increased
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with C93S Trx2 expression. NF-κB/DNA activity was signifcantly down-regulated
in a similar manner. Finally, TNFα-induced apoptosis was significantly decreased
by Trx2 overexpression. These findings show that TNFα induces ROS production
in the mitochondria, which specifically oxidizes Trx2 but not Trx1. Furthermore,
Trx2 is capable of inhibiting TNFα-induced ROS, NF-κB nuclear translocation
and apoptosis and appears to be a critical factor involved in the regulation of the
TNFα pathway.

1361

GENDER-DEPENDENT mRNA EXPRESSION OF MOUSE
UDP-GLUCURONOSYLTRANSFERASES (UGTS):
REGULATION BY ANDROGENS AND MALE-PATTERN
GROWTH HORMONE SECRETION

D. B. Buckley, J. M. Maher, X. Cheng and C. D. Klaassen. University of Kansas
Medical Center, Kansas City, KS.
UGTs catalyze the addition of glucuronic acid to endo- and xenobiotics, increasing
hydrophilicity and enhancing excretion into bile and urine. Gender differences in
glucuronidation rates and UGT mRNA levels have been observed. The purpose of
this study was to establish gender-dependent differences in ontogenic expression
patterns of mouse Ugt mRNA and determine the endocrine signals responsible for
the observed gender differences. Thus, liver and kidneys were removed from male
and female C57Bl/6 mice at postnatal days –2, 0, 5, 10, 15, 22, 30, and 45, and
Ugt mRNA levels where determined by the bDNA assay. Furthermore, three experiments were performed to characterize the involvement of sex and growth hormones in male and female mice: 1) hypophysectomy followed by male or female
pattern growth hormone (GH), 5α-Dihydroxy-testosterone (DHT), 11β-Estradiol
(E2), or Prolactin (PRL) replacement; 2) GHRH-receptor deficient little (lit/lit)
mice with male or female pattern GH treatment; and 3) gonadectomy followed by
DHT or E2 replacement. Male-predominant expression of Ugt2b1 and 2b5 were
observed in liver and kidney, respectively. Female-predominant expression was observed for Ugt1a1 and 1a5 in liver and Ugt1a2 in kidney. Ontogenic expression
patterns indicated that all five gender-differences originated between postnatal days
22 and 30. In liver, female-predominant expression of Ugt1a1 and 1a5 are due to a
combination of repression from both male-pattern GH and DHT, whereas malepredominant expression of Ugt2b1 is primarily attributed to induction by malepattern GH secretion. In kidney, male-predominant expression of Ugt2b5 is primarily due to induction by DHT and partially by male-pattern GH secretion.
Conversely, female-predominant expression of Ugt1a2 in kidney is due to repression by DHT. In conclusion, five mouse Ugt genes exhibit gender differences by
day 30 and are primarily attributed to the inductive or repressive effects of androgens and male-pattern GH secretion. (NIH Grants ES-08156 and ES-07079)

1362

UVB-INDUCES C/EBP ALPHA THROUGH A P53INDEPENDENT PATHWAY INVOLVING C/EBP BETA IN
PRIMARY FIBROBLASTS

R. Ranjan1, K. Yoon2 and R. C. Smart1. 1Cell Signaling and Cancer Group,
Department of Environmental and Molecular Toxicology, North Carolina State
University, Raleigh, NC and 2Center for Environmental and Genetic Medicine,
Institute of Biosciences and Technology, Houston, TX.
The basic leucine zipper transcription factor, CCAAT/enhancer binding protein α
(C/EBPα) is involved in regulation of mitotic growth arrest and differentiation in
some cells and has been implicated as a human tumor suppressor in acute myeloid
leukemia. Recently, it has been shown that C/EBPα is a DNA damage induciblep53 regulated mediator of the G1 check point in keratinocytes in response to UVB
treatment. The objectives of this study are to determine whether UVB can induce
C/EBPα in cell types other than keratinocytes and if so, whether this occurs
through a p53 dependent pathway. We report here that C/EBPα is expressed in
mouse primary dermal fibroblasts and that UVB treatment of these fibroblasts results in ≥ 5 fold increase in C/EBPα protein level. UVB induced C/EBPα level
peaked at 6 hours and returned to baseline at 24 hours. The UVB iduction of
C/EBPα was accompanied by an increase in p53 protein level. However, in contrast
to keratinocytes where p53 is required for C/EBPα induction by UVB, we show
here that C/EBPα is induced by UVB in p53-null fibroblasts demonstrating that
C/EBPα induction by UVB does not require p53 in fibroblasts. C/EBPβ, another
member of C/EBP family, is known to positively regulate C/EBPα in some cell
types, hence we wanted to examine the role of C/EBPβ in C/EBPα induction by
UVB in dermal fibroblasts. CEBPα induction by UVB in C/EBPβ-null dermal fibroblasts was diminished and the time course of induction is also altered compared
to wild type fibroblasts. These results demonstrate that UVB induces C/EBPα in
primary dermal fibroblasts through a novel pathway that does not require p53 but
is regulated by C/EBPβ.
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TISSUE DISTRIBUTION, ONTOGENIC EXPRESSION
AND REGULATION OF SULFOTRANSFERASES BY
PROTOTYPICAL MICROSOMAL INDUCERS IN MICE

Y. M. Alnouti and C. D. Klaassen. Pharmacology, Toxicology & Therapeutics,
University of Kansas Medical Center, Kansas City, KS.
Sulfotransferases (Sults) are phase-II conjugation enzymes that catalyze the transfer
of a sulfonate group from the universal sulfonate donor 3’-phosphoadenosine 5’phosphosulfate (PAPS) to target substrates. PAPS is formed from inorganic sulfate
by the action of the enzyme PAPS synthase (PAPSs). In the present study the tissue
distribution, ontogenic, and hepatic transcriptional regulation of 11 Sults and 2
PAPSs enzymes by 15 microsomal enzyme inducers (MEIs) in male and female
mice were examined. These MEIs represent the transcriptionally-mediated pathways: aryl hydrocarbon receptor (AHR), pregnane X receptor (PXR), constitutive
androstane receptor (CAR), peroxisomal proliferator-activated receptor α
(PPARα), and NF-E2-related factor 2 (Nrf2). Sult2a1/2 and 3a1 expression was
highest in liver; 1a1, 1b1, 2b1, and PAPSs2 in intestine; 1c in stomach; 1d1 in kidney; 1e1 in placenta; 4a1 in brain; whereas 1c1, 5a1, and PAPSs1 were ubiquitously
expressed in most tissues. Sult1a1, 1c2, 1d1, 2a1/2, and PAPSs2 hepatic expression
gradually increased during the first 3 weeks after birth, and declined thereafter.
Sult1c1 expression was highest before birth, whereas Sult3a1 mRNA expression was
very low in fetal livers and stayed low until 30 days of age, when expression in females dramatically increased. The mRNA expression of Sults was generally resistant
to induction by the various inducers representing all 5 different transcriptionallymediated pathways, with a few exceptions. PXR ligands, followed by Nrf2 activators, had the most inductive effects on the mRNA expression of Sults and PAPSs.
AhR ligands had suppressing effects on the Sult1 family in female mice, but no effects in male mice. In conclusion, organ-specific distribution, age dependent expression, and changes in expression of some Sult isoforms after treatment with transcriptional activators may be important in elucidating their role in metabolism,
disposition and organ-specific toxicity of xenobiotics. (Supported by NIH Grants
G1250092).

1364

USING IN VIVO FOOTPRINTING TO DETERMINE
ALTERED TRANSCRIPTION FACTOR BINDING AFTER
PHTHALATE TREATMENT

A. Kuhl, S. Ross and K. Gaido. CIIT Centers for Health Research, Research Triangle
Park, NC.
Phthalate esters, including di(n-butyl) phthalate (DBP), are endocrine active compounds that can adversely affect male reproductive development at relatively high
doses in the rat after in utero exposure. DBP effects include cryptorchidism, hypospadias, and reduced semen quality, which can be attributable in part to reduced
testosterone biosynthesis in the fetal testis. In utero phthalate exposure of fetal testis
on gestation days 12 – 19 results in a reduction of key steroidogenic enzymes
mRNA and protein levels including StAR, SR-B1, P450scc, and CYP17. However,
the mechanism of this reduction is unknown. We hypothesize that phthalate exposure results in altered transcription factor binding in the promoter regions of affected genes. To examine this hypothesis, an in vivo footprinting method was employed to examine differences in transcription factor binding in steroidogenic gene
promoters after phthalate treatment. In vivo footprinting employs ligation-mediated PCR to amplify single-sided DNA created by strand breaks after treatment
with DNase I in the promoter sequence of the gene. Regions bound by transcription factors are protected from the DNase I and therefore not amplified. This
method was adapted for use with an automated DNA sequencer to allow greater
sensitivity and quantification. Results indicate that phthalate treatment induces a
reduction in transcription factor binding between -35 and -70 bp upstream of the
transcriptional start site in the proximal promoter region of StAR. Sequence analysis of this region reveals two highly consensus binding sites for GATA binding proteins as well as a half-site for Steroidogenic Factor-1 (SF-1). The disruption of activity of transcription factors known to be highly involved in activation of
steroidogenic genes suggests a possible mechanism through which phthalates reduce testosterone production.

1365

REGULATION BY NUCLEAR FACTOR I OF THE LYSYL
OXIDASE GENE EXPRESSION IN RAT LUNG
FIBROBLASTS IN RESPONSE TO ENVIRONMENTAL
FACTORS

S. Gao1, Y. Zhao1, I. Chou2, P. Toselli1, P. Stone1 and W. Li1. 1Biochemistry,
Boston University School of Medicine, Boston, MA and 2Microbiology, Boston
University School of Medicine, Boston, MA.
Lysyl oxidase (LO) is a critical enzyme for stabilizing the extracellular matrix by
crosslinking of collagen and elastin. To elucidate regulatory mechanisms of the LO
gene expression we isolated the 5’-flanking region (3,979 nt) of the rat LO gene.

The RLM-RACE assay indicated two major transcription start sites located at -61
and -51 relative to ATG of the first exon. Luciferase reporter assays demonstrated
the maximum promoter activity yielded by the 804 base pairs upstream of the
exon one and a marked increase in the promoter activity observed in the region between -709 and -598 in transfected rat fetal lung fibroblasts (RFL6). The DNase I
footprinting assay showed a protected pattern in the fragment -612/-580 containing a sequence TTGGCTTGGGCCCAT, the nuclear factor I (NFI) binding site
subsequently confirmed by EMSA competition and supershift assays. The synthetic LO-NFI binding site enhanced SV40 promoter activities probed by the luciferase assay in RFL6 cells transfected with NFI-SV40 chimeric constructs
(pGL3-promoter). Mutations of this NFI binding sequence decreased NFI binding affinity and abolished its enhanced effects on the SV40 promoter activity. A
24-h pulse exposure assay illustrated that cigarette smoke condensate (CSC) induced a dose-dependent inhibition of the luciferase gene expression in cells transfected with NFI-SV40 chimeric constructs consistent with its effects on the fulllength LO promoter cloned into the pGL3-basic. However, cadmium (Cd) and
copper (Cu) that displayed strongly inhibitory and stimulatory effects on the fulllength LO promoter activity, respectively, resulted in only slight changes in the
NFI-directed SV40 promoter expression. These results suggest that CSC, but not
Cd or Cu, directly modulates the regulatory activity of NFI toward the LO promoter for the control of the LO gene transcription (Supported by NIH grant R01ES11340 & Philip Morris ERP).

1366

EARLY GROWTH RESPONSE FACTOR-1 IS CRITICAL
FOR CHOLESTATIC LIVER INJURY

B. Copple1, A. Slitt1 and N. Kim1, 2. 1Pharmacology, Toxicology, and Therapeutics,
University of Kansas Medical Center, Kansas City, KS and 2Department of Pharmacy,
Pusan Nation University, Busan, South Korea.
Hepatocyte injury during cholestasis depends in part on the release of proinflammatory mediators that cause neutrophils to accumulate in the liver and become activated to damage hepatocytes. The mechanism by which cholestasis stimulates production of proinflammatory mediators in the liver is not completely understood.
The studies presented here tested the hypothesis that the transcription factor, early
growth response factor-1 (Egr-1), is required for upregulation of proinflammatory
mediators that stimulate neutrophils to accumulate in the liver and become activated to damage hepatocytes during cholestasis. The results of these studies show
that Egr-1 mRNA was rapidly upregulated in the livers of mice subjected to bile
duct ligation, an animal model of cholestasis. Immunohistochemical staining revealed that Egr-1 was primarily expressed by hepatocytes in cholestatic mice. To determine whether Egr-1 was required for inflammation and hepatocyte injury during cholestasis, bile duct ligation was performed in wild-type and Egr-1 knockout
mice. Hepatocyte injury, neutrophil accumulation, and upregulation of
macrophage inflammatory protein-2 (MIP-2) and intercellular adhesion molecule1 (ICAM-1) in the liver were significantly reduced in Egr-1 knockouts. Since hepatocytes are exposed to elevated concentrations of bile acids during cholestasis, it was
determined whether bile acids upregulate Egr-1 in primary mouse hepatocytes.
Deoxycholic acid dose-dependently increased Egr-1 protein in hepatocytes. Results
from these studies suggest a scenario by which elevated concentrations of bile acids
during cholestasis increase expression of Egr-1 in hepatocytes. Egr-1 then upregulates proinflammatory mediators that cause neutrophils to accumulate in the liver
and become activated to damage hepatocytes.

1367

UP-REGULATION OF NAD(P)H QUINONE
OXIDOREDUCTASE 1 DURING HUMAN LIVER INJURY

M. Goedken, L. M. Aleksunes and J. E. Manautou. Department . Pharmacology.
Sciences., University of Connecticut, Storrs, CT.
Generation of oxidative stress intermediates produces perturbations in cellular
homeostasis that contribute to the pathogenesis of liver injury. Reactive oxygen
species are detoxified by a number of antioxidant enzymes including NAD(P)H
quinone oxidoreductase 1 (NQO1). NQO1 catalyzes the two-electron reduction of
a broad range of quinones and also scavenges superoxide anions. Recent evidence
demonstrates the induction of hepatic NQO1 mRNA, protein and activity in mice
during chemical or cholestatic liver injury. The present study investigates the expression and activity of NQO1 in human liver specimens obtained from patients
with liver damage due to acetaminophen (APAP) overdose or primary biliary cirrhosis (PBC). Protein expression of NQO1 is very low in normal human livers. In
both APAP and PBC livers, NQO1 protein levels were greatly induced.
Correspondingly, a significant up-regulation of enzyme activity (16- and 22-fold)
was also observed in APAP and PBC livers, respectively. Immunohistochemical
analysis of liver sections from APAP livers showed NQO1 staining in midzonal and
periportal hepatocytes. Conversely, PBC livers exhibited pronounced staining of
hyperplastic biliary epithelium and hepatocytes on the periphery of cirrhotic nodules. These data demonstrate that NQO1 protein and activity are markedly in-

duced in human liver specimens during both acute and chronic damage. Up-regulation of this cytoprotective enzyme may represent an adaptive response to limit
further disease progression by detoxifying reactive oxygen species and potentially
toxic quinones.

1368

ETHANOL INDUCES AND INSULIN INHIBITS
ALCOHOL DEHYDROGENASE CLASS 1 IN FGC-4
CELLS: BOTH APPEAR TO WORK THROUGH SREBP-1

L. He1, 3, F. A. Simmen1, 3, M. J. Ronis2, 3 and T. M. Badger1, 3. 1Physiology &
Biophysics, University of Arkansas for Medical Sciences, Little Rock, AR,
2
Pharmacology & Toxicology, University of Arkansas for Medical Sciences, Little Rock,
AR and 3Arkansas Children’s Nutrition Center, Little Rock, AR.
We have previously reported that chronic feeding of alcohol-containing diets (via
intragastric infusion) to Sprague-Dawley rats induces hepatic alcohol dehydrogenase (ADH) Class 1 by interfering with signaling via the sterol regulatory element
binding protein (SREBP-1). We have studied the effects of alcohol in vitro using a
highly differentiated rat hepatoma cell line (FGC-4). Cells cultured in the presence
of ethanol (50 mM) had elevated (P<0.05) ADH mRNA compared with cells incubated without ethanol. Incubation of FGC-4 cells with insulin (1 nM) stimulated
production of nSREBP-1 and this was blocked by 50 mM ethanol. Furthermore,
insulin decreased ADH mRNA (P<0.05) in a dose responsive manner (0.1 – 10
nM) and this decrease was blocked by ethanol (50 mM). The doses of insulin used
were in the physiologic range and the ethanol dose was equal to that normally
achieved in the intragastric model. These results demonstrate that: 1) ethanol induces ADH in FGC-4 cells in a fashion similar to that reported in vivo in rats, suggesting these cells are an excellent model to study ethanol-induced gene effects; and
2) insulin negatively regulates hepatic ADH. These results, when combined with
our previous data, suggest that ethanol induces ADH via interfering with insulin
signaling through SREBP-1. (Supported by R01 AA08645).

1369

3,3-DIINDOLYLMETHANE (DIM) DOWN-REGULATES
THE CHEMOKINE, CXCL12, AND ITS RECEPTOR,
CXCR4, IN BREAST AND OVARIAN CANCER CELLS

E. L. Hsu, R. C. Aarnaes, S. Fawcett and O. Hankinson. Molecular Toxicology,
UCLA, Los Angeles, CA.
Cruciferous vegetables are thought to protect against many types of cancer. 3,3’-diindolylmethane (DIM) is an acid-catalyzed product generated in the consumption
of cruciferous vegetables. This compound appears to be chemoprotective; it has
been found to reduce the incidence of spontaneous and carcinogen-induced tumors
in rodents, including those of the breast. Although DIM is a ligand for the AHR, it
appears to exhibit little or no toxicity, and is being pursued as a potential chemopreventative and chemotherapeutic agent for breast cancer. The interaction of the
G-protein-coupled chemokine receptor, CXCR4, with its unique ligand, CXCL12,
is known to play a central role in the metastasis of breast cancer, and is thought to
play a role in ovarian cancer as well. Organs to which these cancers metastasize secrete CXCL12, which binds to CXCR4 expressed on the primary cancer cells. This
subsequently stimulates their invasive properties as well as attracts them to the
organ sites of metastases. Interestingly, CXCL12 is also expressed in primary breast
and ovarian cancer cells and appears to stimulate proliferation through an autocrine
mechanism, via binding to the receptor on these same cells. Using real-time quantitative PCR, flow cytometry, and ELISA, we found that DIM down-regulates
CXCR4 in the ER+ breast cancer cell line, MCF-7, as well as in the ER-, metastatic breast cancer cell line, MB-MDA-231. We also show that DIM down-regulates
both CXCR4 and CXCL12 in the invasive ovarian cancer cell line, BG-1, in a doseresponsive manner. Our data suggest that one mechanism whereby DIM protects
against cancer is through the repression of CXCL12 and/or CXCR4, thereby lowering the invasive and metastatic potential of these cells.

1370

FUNCTIONAL PROPERTIES OF AN ALTERNATIVE,
TISSUE-SPECIFIC PROMOTER FOR THE NACETYLTRANSFERASE-1 GENE, NAT1

D. F. Barker, A. Husain, J. R. Neale, B. D. Martini, X. Zhang, M. A. Doll, J.
States and D. W. Hein. Department . of Pharmacology & Toxicology and Brown
Cancer Center, University of Louisville, Louisville, KY.
The human N-acetyltransferases, NAT1 and NAT2 are key phase II enzymes in the
biotransformation of environmental carcinogens. Epidemiological studies have detected associations between polymorphisms of NAT1 and NAT2 and susceptibility
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to cancers of breast, bladder, colorectum, and pancreas. For NAT2, allelic variants
in the protein coding sequence that reduce enzyme activity are common in human
populations and likely account for epidemiological effects. For NAT1, coding variants reducing enzyme function are rare in most populations. Functional variation
in NAT1 enzyme activity is influenced by post-translational interactions and possibly also by transcriptional control polymorphisms lying in as yet undefined functional regions. The major NAT1 promoter, P1, lies 11.8 kb upstream of the single
protein coding exon, is expressed in most tissue types and was previously characterized by 5’-RACE, RT-PCR and transfection of promoter reporter constructs.
Information in cDNA databases also suggests a secondary promoter, P3, a further
40 kb upstream. We now report that P3 is very active in specific tissues, including
kidney, liver, lung and trachea. Sequencing and EcoRI digestion of RT-PCR products and P3-specific 5’-RACE analysis were used to show that all four tissues produce similarly spliced P3 mRNAs utilizing the same transcription start site region
(TSS). The HepG2 cell line also expresses P3 from the same TSS and produces similarly spliced mRNAs. Analysis of candidate promoter segments, cloned in a luciferase expression vector and transfected into HepG2, was used to define a functional P3 promoter segment of 435 bp. These findings provide a basis for future
investigations of the role of P3 in regulation of NAT1 gene functional expression
and the epidemiological significance of polymorphisms in the P3 region. Partially
supported by USPHS grants CA34627 and ES012557.

1371

INDUCTION OF HEME OXYGENASE-1 EXPRESSION BY
THE ISOFLAVONOIDS ISOLATED FROM PUERARIA
RADIX

C. Choi1, J. Kim2, 3, K. Oh2, 3, E. Han2, 3, Y. Hwang2, 3, D. Kim4 and H.
Jeong2, 3. 1Division of Food Science, Chinju International University, Chinju, South
Korea, 2Pharmacy, Chosun University, Kwangju, Kwangju, South Korea, 3Research
Center for Proteineous Materials, Chosun University, Kwangju, South Korea and
4
Pathology, College of Oriental Medicine, Daejeon University, Daejeon, South Korea.
Heme oxygenase-1 (HO-1) plays an important role in the detoxification of chemical carcinogens and antioxidative stress. In this work, we assessed the ability of
isoflavonoid from Pueraria Radix (IFP) to upregulate HO-1 gene expression via activation of NF-E2-related factor 2 (Nrf2) in cultured mouse hepatoma Hepa-1c1c7
cells. Nrf2 is a transcription factor involved in the cellular protection against oxidative stress through antioxidant response element (ARE) or electrophile-response element (EpRE)-directed induction of several phase II detoxifying and antioxidant
enzymes. HO-1 enzyme activity in the Hepa-1c1c7 cells was significantly increases
by IFP. Furthermore, transfection studies using a human HO-1 ARE/EpRE reporter construct demonstrated that IFP activated the ARE/EpRE. IFP induced nuclear localization of the Nrf2 transcription factor. Taken together, these results
demonstrate that induction of HO-1 expression by IFP required the activation of
the Nrf2/ARE pathway.

1372

INDUCTION OF CYCLOOXYGENASE-2 BY
GLUCOCORTICOIDS IN CARDIOMYOCYTES

H. Sun. Pharmacology, University of Arizona, Tucson, AZ.
Psychological stress increases the level of glucocorticoids (GCs) in our circulating
system. The biological effect of elevated GCs on the heart is not well understood.
Cyclooxygenase-2 (COX-2) is a rate-limiting enzyme of prostaglandin biosynthesis
and a key mediator of inflammation. Recent studies have suggested an important
role of COX-2 in the heart. We found that dexamethasone injection in adult mice
increased the expression of COX-2 in the ventricles. In isolated neonatal cardiomyocytes, GCs at physiologically relevant doses (0.05 – 1 µM) induce the expression
of COX-2 gene. This response is likely cardiomyocyte cell type specific since corticosterone (CT) did not induce COX-2 expression in cardiac fibroblasts and GCs
are known to suppress the expression of COX-2 in lymphocytes and in several organs including the kidney. A dose (0.05 – 1 µM) and time (2 – 48 hrs) dependent
induction of COX-2 mRNA or protein was observed with CT treatment in cardiomyocytes. The GC receptor antagonist, mifeprestone (RU486), prevented CT
from inducing COX-2, suggesting COX-2 induction is GR-dependent. COX-2
gene promoter analysis indicates a role of the transcription factors binding to the
CRE cis-element (CREB) in regulating COX-2 gene expression. CT caused phosphorylation and activation of p38 MAPK. CT treatment increased CREB phosphorylation at serine 133, which has been shown to increase CREB transactivity.
The increase of phosphorylation of CREB can be blocked by p38 MAPK inhibitors
(SB203580 and SB202190), which also prevented CT from inducing COX-2 expression. Dominant negative p38 MAPK inhibited COX-2-luciferase gene expression induced by CT. Therefore CT induces COX-2 gene expression in cardiomyocytes via a p38 MAPK mediated CREB activation.
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THE EFFECT OF CIGARETTE SMOKE CONDENSATE
ON RESPIRATORY SYNCYTIAL VIRUS INDUCED
INFLAMMATORY CHEMOKINES

S. Castro1, 2, A. Casola2 and R. P. Garofalo2. 1Pharmacology and Toxicology,
University of Texas Medical Branch, Galveston, TX and 2Pediatrics, University of
Texas Medical Branch, Galveston, TX. Sponsor: M. Treinen-Moslen.
Exposure to cigarette smoke is a risk factor for the development of severe infections
caused by respiratory syncytial virus (RSV), the most important viral pathogen
causing acute respiratory-tract infections in children. RSV induced pulmonary inflammation is mediated by chemokines that recruit leukocytes into the airway epithelium. Stimulation by either RSV or cigarette smoke condensate (CSC) alone,
induces the gene transcription and protein expression of chemokines IL-8 and
MCP-1. However, the combination of CSC and RSV on chemokine regulation has
yet to be explored. Therefore, the aim of this study is to determine whether a mixed
exposure of CSC and RSV synergistically induced IL-8 and MCP-1 gene and protein expression. Time dependent studies were conducted using human type II epithelial cells (A549) stimulated with CSC (1.0 µg/ml) and RSV (MOI=1). RNA
was extracted and gene transcription of IL-8 and MCP-1 were analyzed by real time
PCR. Cell culture supernatants were collected and protein expression was measured
by ELISA. Since the regulation of IL-8 and MCP-1 involves the activation of transcription factor NF-κB, nuclear extracts were obtained for EMSA, using an IL-8
oligonucleotide with a NF-κB site. Our data show that treatment with CSC increased RSV induced IL-8 and MCP-1 mRNA transcription several fold respectively (18.81+/-0.28 vs 29.5+/-0.35) and (5.05+/-0.16 vs 9.75+/-1.03). CSC also
increased RSV induced IL-8 and MCP-1 protein expression (3877+/-559 vs
11768+/-1001 pg/ml) and (421+/-33 vs 682+/-25 pg/ml). EMSA revealed greater
DNA binding in combination exposure versus RSV. In conclusion, the mixed exposure of airway epithelial cells to RSV and CSC leads to enhanced gene transcription and protein secretion of IL-8 and MCP-1, suggesting that CSC contributes to
an exuberant immune response to RSV by potentially stimulating overlapping signal transduction pathways.
Abstract Funded by T32 ES07254 and NIH Ruth L. Kirschstein NSRA F31
GM072231.

1374

N27 DOPAMINERGIC CELL LINE: A USEFUL MODEL
FOR STUDYING THE MECHANISMS OF ACTION OF
FUNCTIONALLY SELECTIVE DOPAMINERGIC
COMPOUNDS

J. D. Urban1, J. Jin2 and R. B. Mailman3, 1. 1Curriculum in Toxicology, UNC
Chapel Hill, Chapel Hill, NC, 2Bioinformatics, UNC Chapel Hill, Chapel Hill, NC
and 3Psychiatry, UNC Chapel Hill, Chapel Hill, NC.
Differential activation of signaling pathways coupled to a single GPCR, a phenomenon referred to as functional selectivity, has been well illustrated in the literature.
Our lab has explored the dopamine D2 receptor-mediated functional profiles of a
number of functionally selective ligands. It is our hypothesis that the unique properties of some atypical antipsychotic drugs (e.g. aripiprazole) and neuroleptic candidates (dihydrexidine and dinapsoline) may be due, in part, to their functionally selective D2 receptor profile. Most of the studies have been performed in
non-dopaminergic models (e.g. CHO-K1 and HEK293 cell lines) stably transfected with the human D2L receptor, and although they have provided heuristicallyvaluable data, their physiological relevance remains unclear. 1RB3AN27 (N27)
cells are an immortalized cell line derived from the rat mesencephalon, and may be
more physiologically-relevant to functional selectivity of the D2L receptors on
dopamine neurons. N27 cells express both tyrosine hydroxylase and the dopamine
transporter, and produce measurable amounts of dopamine. We previously determined that these cells do not express either D1-like or D2 receptors by means of radioligand-based saturation binding and micro array assays. We then stably transfected the FLAG-tagged human D2L receptor into the N27 cell line, and compared
the D2L receptor-mediated binding and functional characteristics of aripiprazole,
dihydrexidine and dinapsoline with the effects of these drugs in CHO-hD2L cells.
Preliminary results suggest that this model can differentiate functionally selective
D2L receptor ligands from typical D2L receptor agonists. These data illustrate that
further studies in the N27-D2L line may offer insight into physiologically-relevant
mechanisms of dopaminergic drugs, as well as elucidate the role that functional selectivity may play in the atypical in vivo D2L receptor-mediated responses elicited
by these compounds.
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METAL INDUCED ACTIVATION OF
METALLOTHIONEIN GENE EXPRESSION

E. S. Craft and J. H. Freedman. Nicholas School, Duke University, Durham, NC.
Elena S. Craft and Jonathan H. Freedman
Duke University, Nicholas School, Durham, NC 27708.

Metallothionein (MT) transcription is induced following exposure to elevated concentrations of a variety of transition metals. Metal-activated transcription is controlled through interactions between metal response elements (MREs) and the
metal response element-binding transcription factor, MTF-1. It has been shown
that metals can initiate intracellular signaling cascades that result in altered states of
MTF-1 phosphorylation, which ultimately leads to the activation of MT transcription. Further, it has been suggested that MT transcription induced by these metals
occurs through convergent signal transduction pathways that involve one or more
phosphorylation pathways. In vitro assays using MTF-1 and a variety of kinases
were completed in order to determine the phosphorylation sites within the protein.
Bacterially expressed murine MTF-1 fused to GST was purified using Sepharose
beads and then incubated for 1 hour at 30°C with JNK1, JNK2, casein kinase II, or
PKC enzymes, and either 100µM ATP/10µCi [γ-32P] ATP or 10mM non-radioactive ATP. Samples were assayed using an SDS-PAGE gel system, followed by
either autoradiogram analysis or silver staining. Following silver staining, proteins
were extracted and analyzed using matrix assisted laser description assay time of
flight (MALDI-TOF-TOF) analysis. Results from MALDI-TOF-TOF and electron spray ionization (ESI) have confirmed the presence of MTF-1.
Phosphorylation sites within the N-terminal end of the protein have not been identified. The presence of phosphorylation sites in the C-terminal region of MTF-1 is
currently being examined separately using immobilized metal affinity chromatography, or IMAC analysis. In order to test the role of phosphorylated amino acid sites
identified through MALDI-TOF analysis and consensus sequence analysis in controlling metal-activated gene expression, retrovirus containing either wildtype
MTF-1 or various mutant forms of MTF-1 was developed. MTF-1 null (dk-07)
cells were infected with various forms of the virus and analyzed for MT expression.
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PB EXPOSURE REGULATES A COMPLEX INTERPLAY
OF SIGNALING PATHWAYS IN ARTICULAR
CHONDROCYTES THAT ULTIMATELY LEADS TO
PHENOTYPIC CHANGES RESEMBLING
OSTEOARTHRITIS

M. J. Zuscik, E. Puzas, R. J. O’Keefe, T. Sheu, J. D. Holz, E. M. Schwarz, R.
N. Rosier and R. Ubayawardena. Department of Orthopaedics, University of
Rochester School of Medicine, Rochester, NY.
Introduction: Mounting evidence in the medical literature shows that lead (Pb) exposure may play a complementary role in the genesis of osteoarthritis (OA). Our
cell and animal data have identified a complex interplay of regulatory pathways in
chondrocytes that provides a molecular explanation for the clinical observations.
Normally, articular chondrocytes maintain the matrix of a joint surface by minimal
alterations in the synthesis and degradation of the collagenous and proteoglycan
components. However, under the influence of Pb, these cells appear to revert to a
more primative phenotype and undergo a clonal expansion. Pb then induces a
switch to a growth-plate-like phenotype characterized by matrix degradation and
mineralization. This leads to articular cartilage degeneration and osteoarthritis.
Methods: Isolated articular chondrocytes were exposed to a range of lead concentrations and their behavior monitored by evaluating gene expression with RT-PCR,
signaling pathway activation with reporter constructs, and phenotype with micro
mass cultures.
Results: Lead exposure at concentrations that would be observed in a clinical setting
(i.e. 0.1 uM) blocked phosphorylation of Smad2 and, as expected, decreased
TGFbeta signaling as measured by P3TP-luc reporter activity. This led to an increase in type X collagen gene expression, a marker gene for chondrocyte hypertrophy in the growth plate. The manifestation of these molecular effects are induction
of matrix degradation within the joint and fibrillation of articular cartilage. This
was observed in mice exposed to 200 ppm lead in their drinking water for 12 weeks.
Discussion: Lead induces specific signaling pathway changes in chondrocytes derived from articular cartilage. These changes contribute to an expansion of cell
number and a switch to an endochondral phenotype, both of which are hallmarks
of early arthritis.
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EFFECTS OF CHROMIUM ON THE BENZO[A]PYRENEINDUCE GENE EXPRESSION IN MOUSE HEPATOMA
HEPA-1 CELLS

M. Schnekenburger and A. Puga. Department of Environmental Health, University
of Cincinnati, College of Medicine, Cincinnati, OH.
Co-exposure to polycyclic aromatic hydrocarbons (PAH), such as benzo[a]pyrene
(B[a]P), and to carcinogenic metals, such as chromium, occur naturally and lead to
multiple adverse health effects. Chromium exposure results in DNA-chromium
adducts and DNA-protein cross-links that alter inducible gene expression, and disturb the function of active transcriptional complexes. We have shown that in mouse
hepatoma Hepa-1 cells, chromium affects expression of genes induced by B[a]P-dependent Ah receptor (AHR) activation as well as the inducible expression of nu-

merous others genes. These effects result from the inhibition of critical remodeling
steps necessary for gene transactivation, including the inhibition of both the release
of histone deacetylase (HDAC)-1 and the recruitment of p300 to the promoter of
the CYP1A1 gene, leaving unaffected the binding of the AHR complex to the same
promoter. Given the central role of histones in chromatin structure, we tested the
hypothesis that chromium maintains a state of histone deacetylation/transcriptional repression and prevents histone acetylation/transcriptional induction. We
used chromatin immunoprecipitation assays of cells treated with B[a]P in the presence or absence of chromium to compare the profile of histone modifications at the
CYP1A1 promoter. We also characterized concomitant changes in HDAC activity
by HDAC assays. Our results show that chromium leads to an inhibition of B[a]Pinduced histone acetylation that is accompanied by an increase of HDAC activity.
We extended our studies to human HepG2 cells and found that chromium inhibits
AHR complex-dependent B[a]P-induced CYP1A1 gene expression. These data will
help develop an understanding of the molecular mechanisms underlying the toxic
risks associated with co-exposure to PAH and heavy metals, and might help predict
the health effects of exposure.
Supported by NIEHS grants P30 ES06096, P42 ES04908, 2R01 ES06273 and
1R01 ES10807.

1378

A CLEARANCE SYSTEM PROPOSED FOR PARAQUATINDUCED PULMONARY FIBROSIS IN RATS

Y. Satomi1, 2, W. Tsuchiya1, K. Mihara2, M. Kobayashi1, T. Kobayashi1, Y.
Kasahara1 and F. Akahori2. 1Teijin Institute for Bio-medical Research, TEIJIN
PHARMA LIMITED, Tokyo, Japan and 2School of Veterinary Medicine, Azabu
University, Kanagawa, Japan.
We investigated the relation between the progression of fibrosis and the gene expression from the subacute phase to the chronic phase of paraquat (PQ)-induced
pulmonary fibrosis in rats. Six- or seven-week-old male rats were given a 0.2% solution of PQ subcutaneously at a dose of 7 mg/kg/day, daily, for approximately 1
week. Lung specimens were collected from the rats in the losing bodyweight (BW)
due to PQ toxicity phase (two days after the last administration) and in the BW recovery phase (from the first day of the BW recovery through the 4 weeks after the
last administration), in the 3 months phase and in the 7 months phase after the last
administration. The lungs were analyzed for hydroxyproline (Hyp) content, as an
index of collagen content, and for 1,090 gene expression in microarrays. The Hyp
content in PQ administered-rat increased in the 4 weeks phase (162% of control)
and similarly increased in the 3 months phase (160% of control), however, in the 7
months phase, the Hyp content was almost the same as the control value (108% of
control). The results show that there are any clearance systems of accumulated collagen. The microarray analyses indicated the decreased expression of tissue inhibitor
of metalloproteinase genes (TIMPs) in the BW recovery phase and the increased expression of proteasome 26S subunit, ATPase, 4 (PMSC4) from the BW recovery
phase through the 3 months phase. TIMPs play an important role in the regulation
of matrix metalloproteinase activities. The decreased TIMPs expression might mean
the promotion of collagen digestion. Moreover, Proteasomes are known to act for
the selective degradation of impaired proteins. The increased expression of PMSC4
might also indicate the involvement with the elimination of collagen. Based on
these findings, TIMPs and PMSC4 are thought to exhibit a healing function
against PQ-induced lung dysfunction. We considered that these subjects would develop a novel treatment for pulmonary fibrosis.
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MODULATION OF CALCINEURIN ACTIVITY BY ZINC
IN ADRIAMYCIN-TREATED H9C2 RAT CARDIAC
MUSCLE CELLS

K. E. Merten1, Y. Jiang2, W. Feng2 and Y. Kang1, 2. 1Pharmacology and Toxicology,
University of Louisville, Louisville, KY and 2Medicine, University of Louisville,
Louisville, KY.
Calcineurin activation is both necessary and sufficient to induce cardiac hypertrophy. Under pathological conditions calcineurin is activated by an increase in intracellular calcium concentration, however, under physiological conditions calcineurin
is insensitive to the transient calcium fluxes that occur during cardiac contraction
and relaxation. It has been shown that zinc may affect calcineurin activation under
stress condition. We hypothesize that zinc release under oxidative stress conditions
enhances calcineurin response to calcium elevation, leading to activation of calcineurin signaling pathways. H9c2 cells were treated with Adriamycin (ADR) in a
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final concentration of 2 µM in cultures and calcineurin activation was observed 8
hrs after the treatment, as measured by the calcineurin phosphatase assay detecting
the rate of dephosphorylation of a synthetic [32P]-labeled RII peptide incubated
with cellular extracts. ADR treatment resulted in an increase in calcineurin activity.
Intracellular free zinc detected by zinquin was increased under the treatment of
ADR and this increase was depressed by a zinc chelator, TPEN, along with decreased activity of calcineurin. In addition, H9c2 cells were treated with varying
concentrations (25, 50, or 100 µM) of ZnCl2 for 8 hrs and calcineurin activity was
increased by all the concentrations of zinc, with 50 µM ZnCl2 causing the greatest
activation (3.5-fold) in comparison to control. Concurrent treatment of H9c2 cells
with 25 µM ZnCl2 and 2 µM ADR led to a synergistic increase in calcineurin activity and enhanced cellular hypertrophic signaling. These results indicate that oxidative stress-induced zinc release increases ADR-activated calcineurin activity in
H9c2 cells, suggesting a possible regulatory mechanism for calcineurin activity
under pathological conditions. (Supported in part by NIH grants HL-59225 and
HL-63760)
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EFFECTS OF OXIDATIVE STRESS ON G-PROTEINRECEPTOR-KINASE 2 DEGRADATION

K. Hoffman, D. A. Jackson and D. M. Shepherd. Biomedical and Pharmaceutical
Sciences, University of Montana, Missoula, MT.
G-protein-receptor-kinase 2 (GRK2) has a key role in regulating the signaling activities of a variety of G-protein coupled receptors (GPCRs). Recent data indicate
that GRK2 phosphorylation leads to desensitization of GPCRs. Previously, we have
demonstrated that exposure of Chinese Hamster Ovary (CHO) cells stably expressing the M1 muscarinic acetylcholine receptor (mAChR) to transient hypoxia causes
degradation of GRK2 protein. In contrast, GRK2 protein levels remained unchanged in the parental CHO cells or in CHO cells stably expressing the M2
mAChR when exposed to transient hypoxia. Interestingly, degradation of GRK2
was associated with hypoxic-mediated internalization of the M1 mAChR, but not
agonist-induced. Transient expression of Gαi or Gαo, but not Gαs or Gαq, increased transient hypoxia mediated degradation of GRK2 protein in CHO cells stably expressing the M1 mAChRs. Based on these results, we suspect that degradation of GRK2 in CHO cells stably expressing the M1 mAChR requires the
activation of two separate pathways. One pathway involves internalization of the
M1 mAChR and subsequent activation of non-G-protein mediated secondary effector systems. The other pathway involves Gαi or Gαo and the translocation of
GRK2 to the membrane.
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HISTONE H3 PHOSPHORYLATION PATTERNS IN
RESPONSE TO DNA-DAMAGING AGENTS

R. Xie, S. S. Lau and T. J. Monks. Pharmacology and Toxicolocy, University of
Arizona Health Sciences Center, Tucson, AZ.
DNA-damage occurs following exposure to a variety of physical and chemical
agents, including ionizing radiation, reactive oxygen species (ROS), alkylating
agents, telomerase and topoisomerase inhibitors and many others. Signaling pathways activated in response to DNA damage are dependent upon the quantitative
and qualitative nature of the damage. Although phosphorylation of histone H2AX
is one of the earliest responses to DNA double strand breaks, and is important for
promoting efficient repair, the relationship between chromatin remodeling and the
DNA damage response remains unclear. We have shown that ROS-induced DNAdamage induces the phosphorylation of a novel site on histone H3.3 and have now
subsequently examined histone phosphorylation patterns in response to a variety of
agents that cause DNA damage. Exposure of renal proximal tubule epithelial (LLCPK1) cells to either colcemid or paclitaxel, microtubule-disrupting agent which arrest cells in metaphase, and cause cell death via mitotic catastrophe, induced phosphorylation at S31 in histone H3.3 and increased phosphorylation of S10 and S28
in histone H3. The latter two sites are associated with chromatin condensation during mitosis. In contrast, 2,3,5-tris(glutathione-S-yl)hydroquinone- induced oxidative DNA damage resulted in chromatin condensation, but decreased S10 and S28
histone H3 phosphorylation. As expected, the tumor promoter 12-O-tetradecanoylphorbol-13-acetate and epidermal growth factor, both known mitogens,
stimulated S10 and S28 histone H3 phosphorylation but did not induce phosphorylation of H3.3 at S31. Thus, patterns of histone H3 phosphorylation vary dependent upon the stimulus, and S31 histone H3.3 phosphorylation appears to be
restricted to metaphase, since immunofluorescence experiments confirmed that histone H3.3 S31 phosphorylation is present in late prometaphase and dramatically
diminishes at early anaphase. The results also suggest that H3.3 S31 phosphorylation may serve as a marker for cells undergoing cell death via mitotic catastrophe.
(RO1 DK59491, P30 ES 06694)
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REDOX SIGNALING AND SPATIAL REARRANGEMENT OF VE-CADHERIN, ICAM-1, AND
CD11B ADHESION MOLECULES ASSOCIATED WITH
ALVEOLAR IRON CYCLING IN A MODEL OF
HEMORRHAGIC LUNG INJURY

N. V. Gorbunov1, D. K. Das2 and J. L. Atkins1. 1MCR, Walter Reed Army Institute
of Research, Silver Spring, MD and 2School of Medicine, University of Connecticut,
Farmington, CT.
Hemorrhagic lung effusion (HLE) and associated oxidative stress is pathological
feature of lung toxicity caused by different chemical and biological agents and mechanical impacts. The following inflammatory response is characterized by transmigration of circulatory leukocytes (LKC) into lung which is defined as a multistage
process including the spatiotemporal interaction of cell adhesion molecules on
LKC and endothelium. The interplay of ion cycling (IC), redox signaling (RES)
and re-arrangements of VE-cadherin (VECD), ICAM1, and CD11b adhesion molecules during inflammatory LKC transmigration in HLE is not fully known. To assess these alterations in rat model we either produced HLE trauma by exposure to
generated blast shock wave or by intratracheal administration of 0.1 mL of 5 mM
iron-nitrilotriacetate (NTAFe). EPR techniques were used to assess levels of free
radicals (FR) and non-heme iron (NHI) in lung and blood. Histological and immunofluorescence (IF) confocal imaging were used to determine (i) the spatial deposition of NHI, myoloperoxidase (MPO), thioredoxin (TRX), redox-factor Ref1,
and GADD45, and (ii) expression and spatial arrangements of VECD, ICAM1,
and CD11b in alveoli (AL). Blast-induced HLE and NTAFe treatment resulted in
augmentation in FR, NHI, and IF of both MPO and TRX in inflammatory foci
within 3 h post-treatment. These effects were accompanied by (i) nuclear translocation of TRX and Ref1 in AL cells, (ii) down-regulation of VECD, and up-regulation ICAM1 and CD11b in endothelial cells and LKC. IF of CD11b in LKC was
highest at the membrane protrusions of the leading edges and correlated with IF of
both ICAM1 and MPO in endothelium. We speculate that RES induced by iron
cycling and the released MPO may mediate, at least in part, inflammatory response
to HLE and contribute to supramolecular re-arrangement of VECD and ICAM1
in capillary network.
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CHANGES IN CA2+ OSCILLATIONS IN HUMAN
MYOMETRIAL CELLS ASSOCIATED WITH TOXICANT
EXPOSURE

R. Barhoumi, I. Awooda and R. C. Burghardt. Veterinary Integrative Biosciences,
Texas A&M University, College Station, TX.
The relationship between the level of exposure of three environmental toxicants
(cadmium [Cd2+], 5-methylchrysene [5-MeCr] and benzo-a-pyrene [BaP]) and
their effect on oxytocin-induced calcium oscillations was examined in a human myometrial cell line, PHM1-41. These chemicals are present at different levels in tobacco smoke. Their effects alone or in mixture were detected using the Ca2+ -sensitive fluorescent probe Fluo-4. Exposure of PHM1-41 cells to Cd2+ significantly
decreased the number of oscillating cells when compared to untreated cells but did
not alter the frequency of Ca2+ oscillations. BaP and 5-MeCr decreased both the
frequency of Ca2+ oscillations as well as the number of oscillating cells with more
pronounced effect seen with 5-MeCr. To determine the source of these alterations,
a variety of pharmacologic agents that target intracellular Ca2+ homeostasis mechanisms were used to identify the specific effects of each of the toxicant. Data revealed
that the store-operated channels are affected by all three chemicals. Receptor tyrosine kinase activity is significantly affected by both BaP and 5-MeCr treatments.
However, the more pronounced effect observed with 5-MeCr on the frequency and
the number of oscillating cells may be due to the initial activation of voltage operated Ca2+ channels. The binary mixture of BaP and 5-MeCr used at the same concentration had lower effect on Ca2+ signaling when compared to each chemical
alone. Use of the epidermal growth factor, FBS or charcoal/dextran treated FBS restimulated the Ca2+ oscillations in BaP or 5-MeCr treated cells to a level similar to
control cells. These results indicate that although the mechanisms by which each
toxicant alters Ca2+ oscillations are different, an alternative method for restoring
Ca2+ oscillations caused by individual toxicants may be developed to reverse the action of these chemicals on Ca2+ oscillations in myometrial cells.

1384

CHOLESTEROL SECOALDEHYDE INDUCES
APOPTOTIC SIGNALING THROUGH
MITOCHONDRIAL PATHWAY IN H9C2
CARDIOMYOBLASTS

K. Sathishkumar and R. M. Uppu. Environmental Toxicology and Health Research
Center, Southern University and A&M College, Baton Rouge, LA.
Cholesterol secoaldehyde (3-β-hydroxy-5-oxo-5,6-secocholestan-6-al or CSeco)
has long been known as an ‘ozone-specific’ oxidation product of cholesterol in vitro.
Recently, CSeco has been detected at inflammatory sites such as the arterial plaque

and Alzheimer’s brain samples. While the biochemical origin as well as the metabolic fate of this new, biologically-relevant cholesterol oxidation product is largely
unknown, what seem to be most appropriate is to address its biological effects in
cardiomyocytes and neuronal cells. In this study, we show that CSeco caused loss of
cellular viability in murine H9c2 cardiomyoblasts with an IC50 value of 8.9 ± 1.29
µM (n = 8). The cell death displayed several features of apoptosis, including condensation of nuclear chromatin, caspase-3/7 activity, and DNA fragmentation.
Further investigations into the molecular mechanisms and regulatory pathways revealed a dose- and time-dependent increase in intracellular reactive oxygen species
(ROS). Generation of ROS was accompanied by loss of the mitochondrial transmembrane potential (Delta Psi m) followed by cytochrome c release into the cytosol, which, in turn, activates initiator caspase-9 and then the effector caspase-3.
Apoptosis was strongly attenuated by N-acetylcysteine, a thiol antioxidant, and inhibitors of caspase-9 and caspase-3. Taken together, these results indicate that
CSeco induces apoptosis in H9c2 cardiomyoblasts through a ROS-dependent mitochondrial dysfunction pathway. (Funding from NIEHS ES 10018 and NIH
BRIN program of NCRR [grant number P20 RR16456] is acknowledged.
*Corresponding author Rao Uppu.
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CHARACTERIZATION OF TRPM8 RECEPTORS IN
HUMAN RESPIRATORY EPITHELIAL CELLS

A. S. Sabnis, G. S. Yost and C. A. Reilly. Pharmacology & Toxicology, University of
Utah, Salt Lake City, UT.
Several members of the Transient Receptor Potential (TRP) family of ion channels
have been identified as temperature sensors, responding to changes in temperature
(ranging from hot to cold) and chemical agonists such as menthol, capsaicin etc.
that elicit sensations of temperature changes. TRPM8 is a cold and menthol sensing
channel that acts by converting thermal and chemical stimuli into neuronal signals.
Although significant literature exists regarding the function of TRPM8 in sensory
processes, the expression and function of TRPM8 receptors in other tissues such as
the human respiratory tract are currently unknown. Our studies have demonstrated
the expression and characterized functional properties of TRPM8 in human
bronchial (BEAS-2B and NHBE) epithelial cells using RT-PCR, DNA sequencing,
immunohistochemistry and fluorometric calcium (Ca2+)flux assays. Products amplified by PCR had sequences identical to that of TRPM8. Menthol, the prototypical TRPM8 agonist, produced significant increases in cytosolic Ca2+ concentrations that ranged from 5.6- to 5.8-fold for BEAS-2B and NHBE cells, respectively.
The EC50 values for induction of Ca2+ flux by menthol were 1.14 and 1.77 mM in
BEAS-2B and NHBE cells, respectively. Confirmation of functional TRPM8 was
provided when cold temperatures, near the reported activation threshold (~15 °C)
of TRPM8 also produced significant increases in intracellular Ca2+ concentrations.
Subcellular localization studies using immunohistochemistry and Ca2+ fluorescence
assays demonstrated that TRPM8 receptors were primarily localized in the endoplasmic reticulum. These data provide concluding evidence that functional
TRPM8 channels are found in respiratory epithelial cells. Expression of these receptors in the respiratory tract may represent significant findings with respect to
mechanistic explanations for adverse respiratory responses elicited by cold air (e.g.
asthma, cough). Support by NIH Grant # HL069813.
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GENE EXPRESSION AND PROTEIN PRENYLATION
CHANGES DURING STATIN-INDUCED MUSCLE
TOXICITY IN THE RAT

J. E. Sidaway, P. D. Glaves, K. Lowry, F. Westwood, A. M. Marsden, T. C.
Orton and R. C. Scott. Safety Assessment, AstraZeneca, Macclefield, Cheshire,
United Kingdom.
Statins are used for the therapeutic reduction of cholesterol-containing atherogenic
lipoproteins. They inhibit HMG-CoA reductase, the rate-limiting enzyme in the
synthesis of cholesterol and non-sterols such as the isoprenoids. The isoprenoids
farnesol and geranylgeranyl are required for the prenyl modification of proteins including members of the small GTP-binding superfamily e.g. Ras, Rap1A and the
Rho family. Although they have an excellent safety profile, instances of muscle
damage are associated with statin therapy. To further understand the mechanism of
muscle damage, we have studied gene expression and protein prenylation changes
in a rat model of statin-induced muscle toxicity (Westwood et al. Tox Path 33:246257, 2005). Female Han-Wistar rats were dosed with simvastatin (80 mg/kg/day)
or cerivastatin (0.5 mg/kg/day). After 12-16 days, necrosis was observed in approximately half of the animals in muscles rich in glycolytic fibres (e.g. gastrocnemius
muscle), whereas muscles consisting of predominantly oxidative fibres (e.g. soleus
muscle) were spared. Gene expression analysis (using Affymetrix RG230A
genechips) revealed very few gene changes in gastrocnemius muscles samples not
displaying necrosis or in soleus muscle. In gastrocnemius muscle samples with
statin-induced necrosis over 1000 genes were modulated, including upregulation of
genes associated with oxidative stress e.g. methallothionein 1 and heme oxygenase

1. In gastrocnemius muscle hypoprenylated Rap1A (assessed by western blotting)
was evident after 5 days of simvastatin treatment (in the absence of necrosis), and
increased further in animals displaying muscle necrosis in response to both statins
(in day 12-16 animals). In contrast, hypoprenylated Rap1A was not significantly
induced in soleus muscle, even though this muscle expressed equivalent amounts of
the protein. These data imply that glycolytic muscles may be more sensitive to oxidative stress and hypoprenylation. Such changes may relate to the mechanism of
statin-induced muscle toxicity.
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COMPARATIVE STUDY OF CYTOTOXICITY AND
OXIDATIVE STRESS INDUCED BY DEOXYNIVALENOL,
ZEARALENONE OR FUMONISIN B1 IN CACO-2 CELLS

E. E. Creppy1, J. H. Kouadio1, T. A. Mobio1, I. Baudrimont1, S. Moukha2, 1
and S. D. Dano3. 1Toxicology, University Bordeaux 2, Bordeaux, France, 2UPR
1264 MycSA, INRA, Villenave d’Ornon, France and 3Faculty of Pharmacy,
University of Abidjan, Abidjan, France.
Fusarium species infestations of cereals crops occur worldwide. Fusarium toxins
such as, deoxynivalenol (DON), zearalenone (ZEA) and fumonisin B1 (FB1) have
been shown to be detrimental in animals and also suspected of disease causation in
humans. Furthermore DON binds to the ribosomal peptidyl-transferase and inhibits protein synthesis specifically and DNA synthesis consequently. ZEA known
to be a genotoxic hormonal disruptor, induces lipid peroxidation, cell death and inhibits protein and DNA synthesis. FB1 disrupts sphingolipid metabolism, induces
lipid peroxidation altering cell membrane and causing cell death. It was attempted
to compare DON, ZEN and FB1 (1–150 µM) for individual cytotoxic effects, related to oxidative stress and macromolecules syntheses in a human intestinal cell
line in order to tentatively classify them according to their respective potential toxicity. The comparison reveals that all three mycotoxins bear, at variable degree, the
capability of inducing lipid peroxidation (MDA production) and could be classified
for concentrations above 10 µM in decreasing potency order FB1 > DON > ZEN.
This effect seems to be related to their common target that is the mitochondria as
revealed by MTT test. DON and ZEN adversely affect lysosomes and endosomes
membranes in contrast to FB1. The three mycotoxins inhibit protein synthesis with
respective IC50 of 5, 8.8 and 19 µM for DON, FB1 and ZEN confirming that
protein synthesis is a specific target of DON. DNA synthesis is inhibited by DON,
ZEN and FB1 with respective IC50 of 1.7, 10 and 20 µM. However at higher concentrations DNA synthesis seems to be restored at high concentrations for FB1 and
DON suggesting a promoter activity. Altogether the potency of the three mycotoxins in macromolecules inhibition is DON > ZEN > FB1 in Caco-2 cells. It appears
then that FB1 acts rather through lipid peroxidation while DON affects rather
DNA and protein synthesis.
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ANTAGONISTIC AND SYNERGISTIC EFFECTS OF
ZEARALENONE AND FUMONISIN B1 IN HUMAN
INTESTINAL CACO-2 CELLS LINE

E. E. Creppy1, J. H. Kouadio1, S. Moukha2, 1 and S. D. Dano3. 1Toxicology,
University Bordeaux 2, Bordeaux, France, 2UPR 1264 MycSA, INRA, Villenave
d’Ornon, France and 3Faculty of Pharmacy, University of Abidjan, Abidjan Cote
d’Ivoire, France.
Combination of Fumonisin B1 (FB1) and Zearalenone (ZEA) have been tested in
the human intestinal cell line, Caco-2 for general cytotoxicity and protein and
DNA synthesis.
We previously showed that FB1 even at high concentration does not affect dramatically cell viability as measured by neutral red and reaches a maximum of only 20%
of cell viability inhibition. In these assays combination of FB1 with ZEA raises cell
viability of Caco-2 cells by 20% in average as compared to the effect of ZEA concentrations amended alone. However, the increase of ZEA concentration in a range
of 5, 10 and 20 µM in presence of a fixed concentration of FB1 (10 µM) decreases
cell viability. These data suggest that, at the level of lysosomes and endosomes
membranes, the mechanism of cell toxicity promoted by ZEA is partially prevented
by FB1. Using the MTT test, it could be concluded that ZEA tends to minimise
the decrease of cell viability induced by FB1 at mitochondrial level.
Interestingly the combination of these two toxins on Caco-2 cell viability globally
leads to antagonistic effects and not to synergistic effect as previously reported for
the combination of FB1 and ochratoxin A (OTA) or even to additive effects as previously reported for FB1 and Deoxynivalenol (DON).
Zearalenone (10µM) added to FB1 (10µM) inhibit protein synthesis by 85% versus 70% inhibition calculated from individual effects thus indicating a synergistic
effect. The same mixture paradoxically shows a clear alleviation of DNA synthesis
inhibition (residual inhibition, 15-20%) that is induced by each mycotoxin alone
(75-80% inhibition).
This apparent neo-synthesis of DNA is in line with the reduction of cytotoxic effects observed with MTT and neutral red assays.
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It is hypothesized that in the absence of cell division, accumulation of DNA damages caused by ZEA and/or FB1 may be followed by unscheduled DNA synthesis.
Investigations in this direction are underway.

1389

ANTI-OXIDATIVE EFFECTS OF QUERCETINGLYCOSIDES ISOLATED FROM THE FLOWER BUDS OF
TUSSILAGO FARFARA L

K. Kang1, J. Yang1, M. Kim2, Q. Liu1, E. Woo1, 2 and S. Kim3. 1College of
Pharmacy, Chosun University, Gwangju, South Korea, 2Research Center for
Proteineous Materials, Chosun University, Gwangju, South Korea and 3College of
Pharmacy and Research Center for Transgenic Cloned Pigs, Chungnam National
University, Daejun, South Korea. Sponsor: H. Jeong.
A bioassay-guided fractionation of the ethylacetate soluble fraction from the flower
buds of Tussilago farfara L. (Compositae) yielded two flavonoids, quercetin 3-O-βL-arabinopyranoside and quercetin 3-O-β-D-glucopyranoside. These two sugar
conjugates of quercetin exhibited higher antioxidative activity than their aglycone,
quercetin by NBT superoxide scavenging assay. Moreover, treatment with quercetin
3-O-β-L-arabinopyranoside significantly increased the total glutathione (GSH)
contents and the protein level of γ-glutamylcysteine ligase (γ-GCL), a key enzyme
required for glutathione (GSH) synthesis in a rat hepatocyte cell line. Subcellular
fractionation and reporter gene analysis using antioxidant response element (ARE)
construct revealed that quercetin 3-O-β-L-arabinopyranoside increased the level of
nuclear Nrf2 and reporter activity, and that these were associated with the induction of the γ-GCL gene. These results suggest that the two quercetin-glycosides isolated from Tussilago farfara L. have direct antioxidative properties, and that
quercetin 3-O-β-L-arabinopyranoside increases the cellular GSH level by inducing
the γ-GCL gene. These novel effects of quercetin-glycosides are suggestive to underlie the potential putative chemopreventive effects of Tussilago farfara L.
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INDUCTION OF NECROSIS BY SAUROPUS
ANDROGYNOUS IN NIH3T3 FIBROBLASTS

S. Yu1 and Y. Chen1, 2, 3. 1Pharmacy, College of Medicine, National Taiwan
University, Taipei, Taiwan, 2Clinical Pharmacy, College of Medicine, National
Taiwan University, Taipei, Taiwan and 3Pharmacy, National Taiwan University
Hospital, Taipei, Taiwan. Sponsor: T. Ueng.
The young sticks and leaves of Sauropus androgynus (SA) have been used as natural food for body weight reduction and vision protection. People usually ingested
up to 150 g of SA as raw juice daily in Taiwan. When taken for more than three
months, unknown toxic principles of the SA extract have been suspected to develop
SA-associated chronic obstructive pulmonary disease (COPD). We have separated
the SA extract of fresh leaves and sticks into three fractions, namely CHCl3, EtOAc
and n-BuOH fractions. NIH3T3 fibroblasts were treated with the three SA fractions 300 µg/ml, respectively, for 48h and were subjected to the MTT assay. The
degree of cell growth inhibition was greatest in EtOAc fraction, followed by CHCl3
and then n-BuOH fractions. Apoptotic bodies were observed when cells were exposed to n-BuOH and EtOAc fractions 300 µg/ml for 36 h using flurorescence microscopy, while CHCl3 fraction had no effect on formation of apoptosis bodies.
The DNA ladders were examined after the cells received three fractions for 12 to 48
h. The CHCl3 fraction induced DNA smearing at 36 h. Bivariate dot plots of the
annexin V and propidium iodide double stained fibroblasts showed the pattern of
necrosis induced by CHCl3 fraction. The CHCl3 fraction of SA extract inducing
NIH3T3 fibroblast necrosis may implicate the SA-associated ischemic necrosis
found in lung biopsy of patients suffering from bronchiolitis obliterans syndrome.
Certain unknown constituents in CHCl3 fraction of SA extract may be the main
ingredients contributing to the effect of Sauropus androgynus intoxication on lung
obstruction.

1391

IMMUNOSTIMULATORY HERBAL EXTRACTS INHIBIT
B16/F10 LUNG COLONY FORMATION IN
IMMUNOCOMPETANT C57BL/6 MICE BUT NOT IN
MICE SELECTIVELY DEPLETED OF NK CELLS OR
PERIPHERAL MACROPHAGES

S. Groom1, 2 and T. Johns2. 1Toxicology, Charles River Laboratories Preclinical
Montréal, Senneville, QC, Canada and 2School of Dietetics and Human Nutrition
University of McGill, Montréal, QC, Canada. Sponsor: M. Vezina.
Standardized extracts of Echinacea: the most reputable immunostimulatory herb
despite inconclusive clinical data, Cat’s claw: a purportedly potent immunostimulant and Saw Palmetto: a weak immunostimulant, were each evaluated for ability to
increase resistance to B16/F10 lung tumor colony formation in the C57BL/6
mouse.
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In the first of two experiments, mice were dosed orally with 1, 10 or 100 mg/kg/day
doses of one of three standardized herbal extracts or a carboxymethylcellulose vehicle control from Days -2 to 10, inclusive. On Day 1, animals were inoculated with
an intravenous injection of tumor cell inoculum (containing approximately 1 × 105
cells/mouse). On Day 14, all animals were euthanized, the lungs were excised and
weighed and the number of lung colonies were counted.
The second experiment followed the same study design as outlined above except
that only the 100 mg/kg dose was tested and the mice were selectively immunocompromised by depletion of NK cells or peripheral macrophages prior to the
tumor cell inoculation.
Lung colony formation was significantly lower for immunocompetant mice dosed
with the immunostimulatory herbs when compared to the controls. Selective immunodepletion of NK cells resulted in lung colony counts that were approximately 5-fold higher than seen in immunocompetant mice while selective immunodepletion of peripheral macrophages resulted in lung colony counts that were
2-fold higher than seen in immunocompetant mice. Consumption of the immunostimulatory herbs did not reduce lung colony formation in these immunocompromised mice.
Immunity in this model is widely considered to be primarily dependent upon
macrophage and NK cells and these results are consistent with suggestions that consumption of immunostimulatory herbs to maintain an efficient and equilibrated
immune system (prophylaxis) might offer greater benefit than use in an intervention paradigm.

1392

INVESTIGATION OF THE MECHANISM OF
RUBRATOXIN B-INDUCED INTERLEUKIN-6
SECRETION

H. Nagashima, H. Nakagawa and K. Iwashita. National Food Research Institute,
Tsukuba, Ibaraki, Japan. Sponsor: M. Fukayama.
Rubratoxin B is a potent hepatotoxic mycotoxin produced by various Penicillium
fungi. Last annual meeting, we reported that rubratoxin B induces the secretion of
tissue inhibitor of metalloproteinases-1 (TIMP-1), and its secretion is regulated by
stress-activated MAP kinases. In this study, we investigated the effect of rubratoxin
B on the secretion of proinflammatory cytokine interleukin-6 (IL-6). As a result of
intraperitoneal injection, rubratoxin B caused the elevation of serum IL-6 concentration in mice. Likewise, the body weight loss, hepatomegaly, fatty change of liver,
hypoglycemia and the elevation of serum alanine aminotransferase activity (biochemical indicator of hepatic injury) were observed in rubratoxin B-treated mice.
Under our experimental condition, the induction of IL-1beta and tumor necrosis
factor-alpha secretion was not detected. It is known that IL-6 plays an important
role in the lipid metabolism, therefore, we examined the mechanism of rubratoxin
B-induced IL-6 secretion using mouse 3T3-L1 cells, one of the most common in
vitro model of adipocyte differentiation. Rubratoxin B augmented IL-6 secretion
significantly, and the results of RT-PCR show that transcription of IL-6 gene was
also enhanced. Induction ratio of IL-6 secretion in mature 3T3-L1 adipocytes was
much higher than that in preadipocytes. According to our previous studies, rubratoxin B-induced IL-6 secretion was not observed in other types of cultured cells
such as HepG2 and HL60 cells, suggesting that adipocyte is one of the major IL-6
producing tissues in rubratoxin B-treated mice.

1393

ACTEOSIDE INHIBITS PHORBOL ESTER-INDUCED
CYCLOOXYGENASE-2 EXPRESSION THROUGH
BLOCKING OF NF-κB AND AP-1 ACTIVATION

E. Woo1, 2, E. Han1, 2, J. Kim1, K. Oh1, 2, H. Kim2, 1, D. Kim3 and H. Jeong1, 2.
1
Pharmacy, Chosun University, Kwangju, Kwangju, South Korea, 2Research Center
for Proteineous Materials, Chosun University, Kwangju, South Korea and 3Pathology,
College of Oriental Medicine, Daejeon University, Daejeon, South Korea.
Acteoside, a phenylpropanoid glycoside, were isolated from the flower of Buddlejae
Flos which has been used as a traditional medicine to treat conjunctive congestion
and sepsis. In the present study, we investigated the effects of acteoside on the cyclooxygenase-2 (COX-2) gene expression in RAW 264.7 macrophage cell line. An
acteoside pretreatment significantly inhibited the release of PGE2 treated with 12O-tetradecanoylphorbol-13-acetate (TPA). Western blot and RT-PCR analyses revealed that acteoside inhibited the TPA-induced levels of the COX-2 protein and
mRNA. Activation of the nuclear factor-κB (NF-κB) and the activator protein-1
(AP-1) is the key step in the signaling pathways mediating COX-2 induction. In
this study, acteoside selectively suppressed NF-κB and AP-1 activation, which may
be essential for COX-2 induction in the TPA-treated RAW 264.7 cells. Taken together, these findings suggested that acteoside down-regulates COX-2 by NF-κB
and AP-1 inactivation, which may represent molecular mechanisms underlying anti
tumor promoting effects of acteoside on RAW 264.7 cells.

1394

FUMONISIN MODULATES CYTOKINE EXPRESSION
AND DIFFERENTIALLY ACTIVATES MITOGENACTIVATED PROTEIN KINASES IN MOUSE LIVER

H. Suzuki, Q. He, N. Sharma and R. P. Sharma. Physiology & Pharmacology, The
University of Georgia, Athens, GA.
Fumonisin B1 (FB) is an abundant fungal toxin in grain, especially in corn. It is hepatotoxic in most animal species. FB possesses structural similarity to sphingoid
bases and inhibits incorporation of sphinganine and sphingosine in ceramide.
Accumulation of sphingoid bases by the inhibition of ceramide synthase is the primary event in FB toxicity; however, downstream events after sphingoid base increase are not fully understood. In this study the role of proinflammatory cytokine
expression and related effects on mitogen-activated protein (MAP) kinase signaling
in FB-induced hepatototoxicity were investigated. Female BALB/c mice were
treated subcutaneously with 0, 0.75, 2.25 and 6.75 mg/kg body weight FB for 5
days and sampled one day later. The subacute FB exposure caused accumulation of
free sphinganine and sphingosine in liver. Activities of alanine aminotransferase and
aspartate aminotransferase were increased by FB, indicating liver injury. Terminal
deoxynucleotidyl transferrase-mediated dUTP nick end labeling staining and proliferating cell nuclear antigen immunochemistry of liver sections revealed that FB
induced both apoptosis and proliferation of hepatocytes. FB increased the expression of tumor necrosis factor α, lymphotoxin β, interferon γ, interleukin (IL)-2, IL1α, IL-1β, IL-1 receptor antagonist (IL-1Rα) and IL-6 in the liver of treated animals. FB decreased phosphorylated form of p38 MAP kinase while it increased
phosphorylated forms of Akt, c-Jun N-terminal protein kinase, and extracellular
signal-regulated kinase. Results show that modification of cytokine expressions and
subsequent modulation of MAP kinase pathways are involved in FB-induced hepatotoxicity in female mice. FB produces both proapoptotic and prosurvival signaling
in liver. The toxicity outcome of FB appears to be determined by these signaling
pathways in response to the accumulation of sphingoid bases in cells. (Supported in
part by USPHS ES09403)
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DELETION OF INTERLEUKIN-12 GENE IN MICE
ABROGATES FUMONISIN B1-INDUCED HEPATIC
CYTOKINE ALTERATIONS WITHOUT REDUCING
HEPATOTOXICITY

R. P. Sharma, Q. He, N. Sharma and H. Suzuki. Physiology & Pharmacology,
University of Georgia, Athens, GA.
Fumonisin B1 (FB), a carcinogenic mycotoxin produced by Fusarium verticillioides,
causes organ-specific toxicity in various animal species; liver is the major target
organ in mouse. FB is a potent inhibitor of ceramide synthase, interferes with
sphingolipid metabolism and causes accumulation of sphinganine in tissues. We
previously reported that FB treatment induces inflammatory cytokines in mouse
liver, including tumor necrosis factor (TNF) α, interferon (IFN) γ and interleukin
(IL)-12. Deletion of either of the TNFα receptors or IFNγ gene reduced the FB-induced hepatic damage. Paradoxically, total absence of TNFα signaling had an opposite effect. In the present study we investigated the role IL-12 may play in FB
heptotoxicity in mice. The IL-12-knockout (IKO) and a corresponding wild-type
(WT) mouse strain were injected subcutaneously with 2.25 mg/kg FB daily for 5
days and sampled one day after the last treatment. Concentrations of circulating
alanine aminotransferase (ALT) and aspartate aminotransferase (AST), and liver
free sphingoid bases were determined. Expression of various cytokines in liver was
analyzed by ribonuclease protection assay. FB increased circulating ALT and AST;
the extent of AST increase in IKO was less than that in WT. Sphinganine accumulation in liver was comparable in both strains after FB treatment. The FB-induced
expression of TNFα, IFNγ, IL-1, IL-1, IL-2, IL-6 and lymphotoxin β were all reduced in IKO compared to those in WT. Results suggested that the absence of IL12 altered FB-induced cytokine expression in mouse liver; however, the effect on
FB-induced hepatotoxicity was marginal. (Supported in part by USPHS ES09403)
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DIFFERENTIAL RELEASE OF TNF-ALPHA AND TGFBETA 1 BY RAT MICROGLIA EXPOSED TO E. COLI
LIPOPOLYSACCHARIDE AND THE MARINE TOXIN
DOMOIC ACID

A. M. Mayer1, R. L. Peksa1, M. L. Hall1 and P. B. Jacobson2. 1Pharmacology,
Midwestern University, Downers Grove, IL and 2Metabolic Disease Research, Abbott
Laboratories, Abbott Park, IL.
Introduction: the role of brain microglia (BMΦ)in the neuropathology of Amnesic
Shellfish Poisoning, a shellfish poisoning syndrome caused in the United States by
the marine glutamate analog domoic acid (DOM), is incompletely understood. We
have recently reported that in vitro treatment of BMΦ with DOM leads to release
of the inflammatory cytokine TNF-α (Mayer et al. BioMedCentral Pharmacology
1:7-19, 2001). Hypothesis: our working hypothesis is that DOM may activate

BMΦ and cause the time-dependent generation of inflammatory and anti-inflammatory cytokines. Materials and methods: rat BMΦ were isolated from neonatal
rats and BMΦ were treated in vitro for 4, 8, 16 and 24 hours with either E. Coli
lipopolysaccharide (LPS) [3ng/mL] or DOM [1mM]. Cytokine release was determined in cell-free supernatants by specific immunoassays for TNF-α (Pharmingen,
San Diego, CA) and TGF-β1 (Biosource, Camarillo, CA). Results: untreated BMΦ
released TNF-α 35±5pg/mL (n=18) and TGF-β1 255±27pg/mL (n=5). Release of
TNF-α and TGF β1 from LPS-treated BMΦ was (in pg/mL) (a)TNF-α
16,242±2,417 (4h,n=4), 23,792±3,739 (8h,n=4), 12,503±3,446 (16h,n=4),
12,025±3,517 (24h,n=4);(b) TGF-β1 219±13 (4h,n=5), 268±34 (8h,n=5),
217±19 (16h,n=5), 245±13 (24h,n=5). Similarly, release of TNF-α and TGF-β1
from DOM-treated BMΦ was (in pg/mL):(a)TNF-α 45±8 (4h,n=6), 25±5
(8h,n=11), 32±7 (16h,n=6), 35±6 (24h,n=6); (b) TGF-β1 199±17 (4h,n=5),
201±21 (8h,n=5), 174±16 (16h,n=5), 207±27 (24h,n=5). Conclusions: Basal release by BMΦ of the inflammatory cytokine TNF-α was significantly affected by
LPS but not DOM in a time-dependent manner. In contrast, the generation of the
anti-inflammatory cytokine TGF-β1 was unaffected by either LPS- or DOMtreated BMΦ during the 24 h observation period. Supported by R15 ES12654-01
from NIEHS, NIH to AMM.
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NOTOGINSENG REDUCES LPS-INDUCED PROINFLAMMATORY MEDIATORS AND LDL UPTAKE IN
MURINE BONE MARROW-DERIVED DENDRITIC
CELLS

A. Rhule2, J. R. Smith2 and D. M. Shepherd1, 2. 1CEHS, University of Montana,
Missoula, MT and 2Biomedical & Pharmaceutical Sciences, University of Montana,
Missoula, MT.
Ginseng has been used as a medicinal for over 2000 years throughout Asia and is
becoming increasingly popular in Western cultures. Numerous studies have examined ginseng’s effects on various immune cells; however, little information exists
concerning the potential for this nutraceutical to modulate the function of dendritic cells (DC). Therefore, we investigated the immunomodulatory effects of
Panax notoginseng on murine bone marrow-derived dendritic cells (BMDC). Bone
marrow cells were differentiated into DC in vitro using the growth factor, GM-CSF.
BMDC were stimulated with 1 microgram/ml LPS and concurrently treated with
notoginseng for 24 hours at concentrations ranging from 0-200 micrograms/ml.
Notoginseng decreased LPS-induced production of IL-6 and IL-12 in a concentration-dependent manner. In contrast, TNF-alpha production remained unchanged
following LPS simulation. While CD40 expression was reduced following notoginseng treatment, CD86 and CD54 expression remained unperturbed. In addition,
the mRNA levels of IL-1beta and iNOS were reduced by notoginseng. Previous
studies suggest that DC accumulate at sites of atherogenic lesions and can internalize modified low-density lipoproteins (LDL). Because notoginseng effectively reduced the inflammatory responsiveness of BMDC to LPS, we evaluated its potential to alter uptake of LDL. Notoginseng decreased the uptake of acetylated LDL by
immature BMDC as measured by flow cytometry. Taken together these results indicate that notoginseng inhibits inflammation and may modulate atherogenic lesion formation by BMDC.

1398

A NUTRIENT MIXTURE ATTENUATES
ACETAMINOPHEN HEPATIC AND RENAL TOXICITY
IN ICR MICE

M. Roomi, V. Ivanov, A. Niedzwiecki and M. Rath. Dr. Rath Research Institute,
Santa Clara, CA.
Introduction: Large overdose of acetaminophen (APAP) is often fatal, leading to
fulminant hepatic and renal tubular necrosis in humans and animals. A unique nutrient formulation consisting of lysine, proline, ascorbic acid and green tea extract
(NM) has previously been demonstrated to exhibit a broad spectrum of pharmacological, therapeutic, cardio vascular and chemoprotective properties.
Objective: This study was undertaken to determine whether NM is useful in treatment of APAP-induced hepatic and renal damage.
Material and Method: Six-week-old male ICR mice were divided into four groups
(A-D) of five animals each: Group A (control) received corn oil, group B received
APAP (600 mg/kg, ip), group C was fed NM (0.5%) for two weeks, and group D
was dosed with APAP after feeding with NM (0.5%) for two weeks. All animals
were sacrificed after 24 hrs, serum was collected for liver and kidney functions, and
liver and kidney were excised for histology.
Results: APAP treatment (groups B and D) resulted in a marked increase in liver
and kidney weights. Serum AST and ALT in groups A and C were comparable, increased markedly in group B and significantly reduced in group D. APAP caused
significant centrilobular necrosis in group B animals, while NM prevented these alterations in group D. Serum markers of kidney: BUN, creatinine and BUN/creatinine ratio were markedly increased in group B in contrast to groups A and C. The
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NM fed group D exhibited biochemical parameters similar to control group A. The
kidney of APAP intoxicated mice (B) showed severe acute damage to the glomerulus and proximal tubule in contrast to the kidneys of mice fed with NM (D), which
demonstrated a nearly normal histological pattern.
Conclusions: The results indicate that NM has potential to protect against APAPinduced liver and kidney damage,

1399

THE COMBINATION OF CURCUMIN AND
EPIGALLOCATECHIN GALLATE SYNERGISTICALLY
ELICITS G2 ARREST IN MDA-MB-231 HUMAN BREAST
CANCER CELLS

tionation of the aqueous extracts was carried out in order to know which fraction
has the active principles. In this study we evaluated the cytotoxic, immunomodulating and antioxidant activity of Fractions I, II, III and IV prepared from aqueous
extracts of Lentinus lepideus. Fractions I-IV were administered p.o. at 20 mg/Kg to
Balb/c mice and immunomodulating activity was evaluated according to the technique of Cunningham. Chang liver cells and HepG2 cells were exposed to the fractions (0.24 to 2 mg/mL) for 72 h and selective cytotoxicity was evaluated by the
MTT test. The antioxidant effect was evaluated by the dichlorofluorescein diacetate
(DCFDA) fluorescent probe in Chang liver cells. Fractions I, II, III and IV were no
cytotoxic. Fractions I-IV produced a significant increase of the immune response,
being F IV the more active.The greatest inhibition of the xantine oxidase activity
was produced by fraction II.

R. J. Rosengren and T. Somers-Edgar. Pharmacology & Toxicology, Univeristy of
Otago, Dunedin, New Zealand.
We have previously shown that epigallocatechin gallate (EGCG) and curcumin are
synergistically cytotoxic to MDA-MB-231 human breast cancer cells. The current
study was designed to determine the optimal concentration and time-course which
elicits synergism. Once optimal treatment conditions were established, drug-induced changes in cell cycle progression were determined. MDA-MB-231 cells were
treated with EGCG (20 and 25 µM), curcumin (2, 2.5 and 3 µM), EGCG + cucrumin or DMSO (0.1%) for 5 days. Optimal synergism occurred following 20
µM EGCG and 3 µM curcumin which decreased cell number by 77% of vehicle
control (p<0.001). Time-course studies demonstrated that enhanced cytotoxicity
began 24 hr following combination treatment. Specifically, cell number was decreased from vehicle control by 17, 24, and 46% for EGCG, curcumin and
EGCG+ curcumin, respectively (p<0.05). To determine the mechanism for this enhanced cytotoxicity, changes in cell cycle progression were determined by flow cytometry using propridium iodide staining. The results demonstrated that combination treatment caused a significant decrease in the percentage of cells in the G0/G1
phase and an increase the percentage of cells in G2/M phase. G2 arrest elicited by
the two drugs was synergistic as curcumin caused an increase in the number of cells
in the G2/M phase of 4%, while no change occurred following EGCG. However,
the combination of the two drugs caused a 26% increase in the number of cells in
the G2/M-phase compared to control (p<0.05) and this effect correlated with a
30% suppression in the number of cells in G0/G1. In conclusion the synergistic cytotoxicity elicited by the combination of EGCG and curcumin in MDA-MB-231
cells results from enhanced G2 arrest.

1400

TUNGTUNGMADIC ACID, A NOVEL ANTIOXIDANT,
FROM SALICORNIA HERBACEA

Y. Chung1, H. Chun2, J. Kim3, K. Oh3, Y. Hwang3, Y. Kho2 and H. Jeong3.
1
Division of Food Science, Chinju International University, Chinju, South Korea,
2
Korea Research Institute of Bioscience and Biotechnology, Taejon, South Korea and
3
Pharmacy, Chosun University, Kwangju, Kwangju, South Korea.
Tungtungmadic acid (3-caffeoyl, 4-dihydrocaffeoyl quinic acid) is a new chlorogenic acid derivative that was isolated from the Salicornia herbacea. The structure
of tungtungmadic acid was determined using chemical and spectral analysis. The
antioxidant activity of tungtungmadic acid was evaluated using various antioxidant
assays, including free radical scavenging, lipid peroxidation and hydroxyl radical-induced DNA strand breaks assays. Tungtungmadic acid (IC50 = 5.1 µM and 9.3
µM) was found to have higher antioxidant activity in the DPPH scavenging assay
as well as in the iron-induced liver microsomal lipid peroxidation system. In addition, the tungtungmadic acid was also effective in protecting the plasmid DNA
against strand breakage induced by hydroxyl radicals.

1401

FRACTIONATION OF THE AQUEOUS EXTRACTS OF
MEXICAN STRAIN OF LENTINUS LEPIDEUS WITH
IMMUNOMODULATING ACTIVITY

L. Garza-Ocanas1, R. Xochitl S.1, G. Fortunato2, A. Yolanda1, S. Mario Cesar3
and T. Oscar1. 1Farmacologia y Toxicologia, Facultad de Medicina, UANL,
Monterrey, Nuevo Leon, Mexico, 2Silvicultura, Facultad de Ciencias Forestales
UANL, Monterrey, Nuevo Leon, Mexico and 3Inmunologia, Facultad de Medicina
UANL, Monterrey, Nuevo Leon, Mexico.
Many Basidiomycetes mushrooms species growing in Asia has biologically active
(antitumor) molecules which produce their effects by activating different immune
responses in the host. In spite of the great number of mushrooms species growing in
Mexican forests most of them have scarcely been investigated. In previous studies
we evaluated the immunomodulating activity of aqueous extracts of Lentinus lepideus collected in Nuevo Leon, Mexico and cultivated in vitro. Lentinus lepideus increased the immune response of Balb/c mice by 84% and produced an inhibition of
75% of the xantine oxidase activity. Considering the results a bioassay-guided frac-
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STRUCTURE-ACTVITY STUDY OF FLAVONOIDS WITH
MITOCHONDRIAL ENERGETIC PROCESS

D. Dorta, A. F. Calgaro-Helena, S. C. Antonio and C. Curti. University of Sao
Paulo, Ribeirao Preto, Brazil. Sponsor: K. Wallace.
Flavonoids are benzo-pyrone derivatives that possess well-recognised antioxidant
and prooxidant properties. Their structure comprises two benzene rings (A and B)
linked through a heterocyclic pyran or pyrone ring (C) in the middle. The structural features favouring the prooxidant activity of flavonoids have not yet been established. The study addressed aspects of energetics of isolated rat liver mitochondria exposed to the flavonoids quercetin, taxifolin, catechin and galangin, taking
into account influences of the 2,3 double bond/3-OH group and 4-oxo function
on the C-ring, and o-di-OH on the B-ring of their structures, as well as mitochondrial mechanisms potentially involved in cell necrosis and apoptosis. The major
findings were: the 2,3 double bond/3-OH group in conjugation with the 4-oxo
function on the C-ring in the flavonoid structure seems to favour the interaction of
these compounds with the mitochondrial membrane, decreasing its fluidity either
inhibiting or uncoupling the respiratory chain of mitochondria; while the o-di-OH
on the B-ring seems to favour the respiratory chain inhibition, the absence of this
structure leads to the uncoupling activity. The flavonoids not affecting the respiration of mitochondria induced the mitochondrial permeability transition (MPT).
The ability of flavonoids to induce the release of mitochondria-accumulated Ca2+
correlated well with their ability to affect mitochondrial respiration on the one
hand, and their inability to induce MPT, on the other. Quercetin and Galangin that
cause substantial respiratory chain inhibition or mitochondrial uncoupling, respectively, decreased the mitochondrial ATP levels, suggesting an apparent higher potential for necrosis induction in relation to Taxifolin and Cathechin, which induce
MPT and did not decrease significantly the ATP levels, rather suggesting a higher
potential for apoptosis induction. These results suggest that flavonoids present a
toxicological/ anti-cancer potential, and that changes in the mitochondrial energetics would be involved in these effects via either cell necrosis or apoptosis induction.
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18-β GLYCYRRHETINIC ACID-INDUCED HEPATIC
EXPRESSION OF METALLOTHIONEIN IS MEDIATED
BY CYTOKINES

H. Kim1, K. Oh1, 2, H. Kim1, 2, J. Kim1, 2, E. Han1, 2, Y. Hwang1, 2, D. Kim3
and H. Jeong1, 2. 1Pharmacy, Chosun University, Kwangju, Kwangju, South Korea,
2
Research Center for Proteineous Materials, Chosun University, Kwangju, South
Korea and 3Pathology, College of Oriental Medicine, Daejeon University, Daejeon,
South Korea.
Glycyrrhizin, a triterpenoid saponin fraction of licorice, is reported to have inducing activity of hepatic metallothionein (MT) and is metabolized to 18β-glycyrrhetinic acid (GA) in the intestine by intestinal bacteria. However, the mechanism underlying its effects is not known. This study investigated the effects of GA,
the aglycone of glycyrrhizin, on the regulation of MT expression in an in vitro
model, using murine hepatoma cell line Hepa-1c1c7 and murine macrophage cell
line RAW 264.7 cell cultures. We found that GA added directly to Hepa-1c1c7
cells had no effect on MT induction. However, MT and its mRNA levels were
markedly increased when Hepa-1c1c7 cells were cultured with GA-treated conditioned media from RAW 264.7 in a dose dependent manner. Concomitant treatment with GA and pentoxifylline, a TNF-α synthesis inhibitor, to RAW 264.7 cells
decreased the effects of GA on the MT induction. In GA-exposed RAW 264.7 cell
cultures, TNF-α and IL-6 production and TNF-α and IL-6 mRNA levels increased. When antibodies to TNF-α or/and IL-6 were added to GA-treated conditioned media from RAW 264.7, the MT induction activity was inhibited. These results demonstrate that the up-regulation of MT expression by GA was mediated in
large part by TNF-α and IL-6 released from GA-induced activated macrophages,
which may be the mechanism, whereby UA elicits its biological effects.

1404

EFFECT OF FESCUE TOXICOSIS ON HEPATIC GENE
EXPRESSION

R. S. Settivari1, T. Evans2, E. Antoniou1, C. S. Reddy3 and D. E. Spiers1.
1
Animal Sciences, University of Missouri, Columbia, MO, 2Veterinary Medical
Diagnostic Laboratory, University of Missouri, Columbia, MO and 3Veterinary
Biomedical Sciences, University of Missouri, Columbia, MO.
Intake of tall fescue grass, infected with Neotyphodium coenophialum, produces a
detrimental condition known as fescue toxicosis, which is characterized by altered
body temperature and reductions in both feed intake and growth. Ergovaline is the
primary ergopeptine alkaloid associated with this condition. A rat model for fescue
toxicosis was used to evaluate the effect of endophyte toxins on hepatic gene expression. Core body temperature (Tc) and activity (Ac) were monitored continuously in 24 rats implanted with telemetric transmitters. The rats were fed ad libitum
diets for five days at 21°C. The diets contained either ground endophyte-free (E-)
or endophyte-infected (E+) seed, at an ergovaline dosage of 91.5µg/kg BW/day for
the E+ group. Fescue toxicosis-induced alteration in liver-specific genes was evaluated using DNA microarray chips. Gene expression of various Phase I enzymes (cytochrome p450; CYP), antioxidants, and drug-efflux proteins were measured using
RT-PCR. Levels of CYP3A4, (the major CYP isoform involved in xenobiotic detoxification) were measured using western blot (WB) and immunohisotochemistry.
Gene expression of CYP-inducing nuclear receptors, pregnane X receptor (PXR),
and retinoid X receptor (RXR) were measured using RT-PCR. Protein expression of
glutathione peroxidase and copper zinc super oxide dismutase was measured using
WB. Fescue toxicosis reduced Tc, Ac, feed intake, and growth rate. Microarray results showed 129 differentially expressed genes in E+ rats. Fescue toxicosis induced
gene and protein expression of Phase I enzymes and gene expression of drug-efflux
proteins. However, the toxins reduced gene and protein expression of antioxidant
enzymes. Likewise, this condition increased gene expression of PXR and RXR.
Present findings suggest that rats respond to fescue toxicosis by inducing Phase I
hepatic enzymes and drug-efflux proteins, and suppressing antioxidants which
could ultimately increase oxidative stress.

1405

THE ADDED EFFECTS OF HEAT STRESS ON
ALTERATIONS IN MURINE HEPATIC GENE
EXPRESSION ASSOCIATED WITH FESCUE TOXICOSIS
1

2

1

1

S. S. Bhusari , L. B. Hearne , D. E. Spiers , W. R. Lamberson and E.
Antoniou1. 1Animal Science Research Center, University of Missouri, Columbia, MO
and 2Statistics, University of Missouri, Columbia, MO. Sponsor: T. Evans.
Ergovaline is the primary ergopeptine alkaloid produced by the endophytic fungus,
Neotyphodium coenophialum, and is associated with the development of “fescue toxicosis” in livestock grazing endophyte-infected fescue pastures. Signs of fescue toxicosis are aggravated by high environmental temperatures which include decreased
weight gains, reduced milk yield, and reproductive inefficiency. Laboratory mice
also exhibit symptoms of fescue toxicosis, as indicated by reduced growth rate and
reproductive performance. Previous studies in mice fed endophyte-infected (E+)
fescue diet identified genes involved in cholesterol, lipid and sex-steroid metabolism to be differentially expressed. In the present experiment, mice were used to
study the effects of fescue toxicosis with and without heat stress on hepatic gene expression. Twenty-eight mice were allocated to a diet containing 50% endophyte-infected (E+; 6 ppm ergovaline) fescue seed for a period of two weeks under heat
stress (HS; 34 ± 1°C) or thermoneutral conditions (TN; 24 ± 1°C). For liver
weight (Lwt) corrected for body weight, HS mice fed E+ had greater Lwt than mice
at E+TN condition (1.34 ± 0.03 g vs. 1.22 ± 0.03 g, for E+HS and E+TN, respectively; P = 0.01). Liver genes differentially expressed due to fescue toxicosis and heat
stress were studied using DNA microarray. A two-stage ANOVA of microarray data
identified 50 differentially expressed genes between mice fed E+ at HS and TN
conditions. Hierarchical clustering of 50 genes identified by ANOVA clearly separated the mice by treatment, with 100% confidence as computed by bootstrap
analysis. As expected, E+HS resulted in up-regulation of genes involved in sexsteroid and lipid metabolism; however, HS additionally down-regulated genes involved in anti-oxidant activity in E+HS mice.

1406

IDENTIFICATION OF ERGOTOXINS PRODUCED
FROM ENDOPHYTE-INFECTED TALL FESCUE AND
PERENNIAL RYEGRASS

J. M. Duringer1, A. F. Lehner2, C. T. Estill3 and A. Craig3. 1Environmental and
Molecular Toxicology, Oregon State University, Corvallis, OR, 2College of Agriculture,
Livestock Disease and Diagnostic Center, University of Kentucky, Lexington, KY and
3
College of Veterinary Medicine, Oregon State University, Corvallis, OR.
Tall fescue (Festuca arundinacea) and perennial ryegrass (Lolium perenne) are
perennial cool-season grasses which are infected with the endophytic fungi,
Neotyphodium coenophialum and N. lolii, respectively. These endophytes have

been increasingly promoted in fescue and ryegrass, as they confer benefits such as
pest resistance and drought tolerance to the plant, thereby decreasing the use of pesticides, fertilizers and irrigation. However, livestock grazing endophyte-infected
(E+) grasses are negatively impacted by the production of ergot and lolitrem alkaloids from the fungi which are responsible for a variety of insect and mammalian
diseases.
More than likely, not all of the ergot alkaloids involved in endophyte toxicosis
have been characterized. During the diagnostic analysis of feed samples for the endophyte toxin ergovaline by HPLC, other, previously unknown peaks occasionally
elute that appear to coincide with clinical disease. Analysis of unidentified chromatographic peaks was performed by LC-MS/MS on twelve feed samples associated with ergotoxin exposure to determine their chemical structure and identity.
Ergotamine, ergovaline, ergocornine, ergonovine, ergocryptine, ergocrystine and
lysergol were identified in several samples. In addition, ergosine, ergostine and ergoptine were newly characterized by mass spectrometry and were present in four
samples. Many samples also showed one or more of fourteen new ergot alkaloids
ranging from 381-611 mw, with key mass spectral characteristics of ergot alkaloids,
specifically, m/z 223 and 208 corresponding to the ergoline ring system and its
demethylated variant, respectively. These new peaks represent ergotoxins not previously reported in correlation with clinical disease and should be investigated further
as to their association with endophyte toxicosis in livestock.

1407

INHIBITORY EFFECT OF THE SAPONINS DERIVED
FROM ROOTS OF PLATYCODON GRANDIFLORUM
ON CARRAGEENAN-INDUCED INFLAMMATION

S. Yang3, J. Kim1, D. Kim3, Y. Hwang1, 2, K. Oh1, 2, Y. Chung4, S. Roh5 and
H. Jeong1, 2. 1Pharmacy, Chosun University, Kwangju, Kwangju, South Korea,
2
Research Center for Proteineous Materials, Chosun University, Kwangju, South
Korea, 3Pathology, College of Oriental Medicine, Daejeon University, Daejeon, South
Korea, 4Division of Food Science, Chinju International University, Chinju, South
Korea and 5Jangsaeng Doraji Research Institute of Biotechnology, Jangsaeng Doraji
Co., LTD., Chinju, South Korea.
Previous studies reported that the saponins isolated from the roots of Platycodon
grandiflorum A. DC (Campanulaceae), Changkil saponins (CKS) inhibits cyclooxygenase-2 (COX-2) expression in cultured lipopolysaccharide-activated
macrophages. The aim of this study was to confirm the anti-inflammatory effects of
CKS by examining its effect on the inflammatory response induced by carrageenan
in a rat using an acute air pouch inflammation model. CKS significantly reduced
the levels of the inflammatory process markers in the air pouch, such as the volume
of exudates, the amount of protein and the number of leukocytes and neutrophils.
The levels of TNF-α and prostaglandin E2 (PGE2) were also markedly lower in the
air pouch of the CKS-treated animals than in the controls. Immunoblot analysis
showed that CKS reduced the COX-2 expression level in the exudate cells. In addition, CKS significantly reduced the paw edema induced by carrageenan and also
markedly reduced the level of PGE2 production in the inflamed paw. These results
suggest that CKS has significant anti-inflammatory effects in vivo.

1408

INHIBITORY EFFECT OF THE COFFEE DITERPENE
KAHWEOL ON CARRAGEENAN-INDUCED
INFLAMMATION IN RATS

D. Kim1, J. Kim2 and H. Jeong2. 1Pharmacy, Chosun University, Kwangju,
Kwangju, South Korea and 2Pathology, College of Oriental Medicine, Daejeon
University, Daejeon, South Korea.
Previous our studies reported that kahweol, a coffee-specific diterpene, inhibits cyclooxygenase-2 (COX-2) and inducible nitric oxide synthase (iNOS) expression in
cultured lipopolysaccharide-activated macrophages. The aim of this study was to
confirm the anti-inflammatory effects of kahweol by examining its effect on the inflammatory response induced by carrageenan in a rat using an acute air pouch inflammation model. Kahweol significantly reduced the levels of the inflammatory
process markers in the air pouch, such as the volume of exudates, the amount of
protein and the number of leukocytes and neutrophils. The levels of nitrite, TNFα and prostaglandin E2 (PGE2) were also markedly lower in the air pouch of the
kahweol-treated animals than in the controls. Immunoblot analysis showed that
kahweol reduced the COX-2 and iNOS expression level in the exudate cells. The
histological examination showed that there was a lower inflammatory response in
the pouch tissues from the kahweol-treated animals. In addition, kahweol significantly reduced the paw edema induced by carrageenan and also markedly reduced
the level of PGE2 production in the inflamed paw. These results suggest that kahweol has significant anti-inflammatory effects in vivo, which might be due to the
inhibition of iNOS and COX-2 expression in the inflammatory sites.
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THE COFFEE DITERPENE KAHWEOL INHIBITS
TUMOR NECROSIS FACTOR-α-INDUCED EXPRESSION
OF CELL ADHESION MOLECULES IN ENDOTHELIAL
CELLS

D. Lim1, J. Choi1, 2, D. Kim3, J. Kim1, H. Kim1, 2, Y. Hwang1, 2, K. Lee1 and
H. Jeong1, 2. 1Pharmacy, Chosun University, Kwangju, Kwangju, South Korea,
2
College of Pharmacy, Research Center for Proteineous Materials, Chosun University,
Kwangju, South Korea and 3Pathology, College of Oriental Medicine, Daejeon
University, Daejeon, South Korea.
Endothelial cells produce adhesion molecules after being stimulated with various
inflammatory cytokines. These adhesion molecules play an important role in the
development of atherogenesis. Recent studies have highlighted the chemoprotective
and anti-inflammatory effects of kahweol, a coffee-specific diterpene. This study
examined the effects of kahweol on the cytokine-induced monocyte/human endothelial cell interaction, which is a crucial early event in atherogenesis. Kahweol
inhibited the adhesion of TNFα-induced monocytes to endothelial cells and suppressed the TNFα-induced protein and mRNA expression of the cell adhesion
molecules, VCAM-1 and ICAM-1, but not E-selectin. Furthermore, kahweol inhibited the TNFα-induced phosphatidylinositol-3 kinase/Akt-NF-κB activation
pathway in these cells. Overall, kahweol has anti-inflammatory and anti-atherosclerotic activities, which occurs partly by down-regulating the pathway that affects the
expression and interaction of the cell adhesion molecules on endothelial cells.

1410

SUPPRESSIVE EFFECTS OF THE SAPONINS DERIVED
FROM ROOTS OF PLATYCODON GRANDIFLORUM
ON EXPRESSION OF ADHESION MOLECULES IN
HUMAN ENDOTHELIAL CELLS

Y. Cho1, J. Y. Kim1, Y. Hwang1, 2, D. Kim3, Y. Chung4, S. Roh5 and H. Jeong1,
. Pharmacy, Chosun University, Kwangju, Kwangju, South Korea, 2Research Center
for Proteineous Materials, Chosun University, Kwangju, South Korea, 3Pathology,
College of Oriental Medicine, Daejeon University, Daejeon, South Korea, 4Division
of Food Science, Chinju International University, Chinju, South Korea and
5
Jangsaeng Doraji Research Institute of Biotechnology, Jangsaeng Doraji Co., LTD.,
Chinju, South Korea.

2 1

Adhesion molecules play an important role in the development of atherogenesis,
and are produced by endothelial cells after being stimulated with various inflammatory cytokines. This study examined the effect of saponins that were isolated from
the roots of Platycodon grandiflorum A. DC (Campanulaceae), Changkil saponins
(CKS), on the cytokine-induced monocyte/human endothelial cell interaction,
which is a crucial early event in atherogenesis. CKS significantly inhibited the
TNFα-induced increase in monocyte adhesion to endothelial cells as well as decreased the protein and mRNA expression levels of vascular adhesion molecule-1
and intercellular cell adhesion molecule-1 on endothelial cells. Furthermore, CKS
significantly inhibited the TNFα-induced production of intracellular reactive oxygen species (ROS) and activation of NF-κB by preventing IκB degradation and inhibiting IκB kinase activity. Overall, CKS has anti-atherosclerotic and anti-inflammatory activity, which is least in part the result of it reducing the cytokine-induced
endothelial adhesion to monocytes by inhibiting intracellular ROS production,
NF-κB activation, and cell adhesion molecule expression in endothelial cells.

1411

INHIBITORY EFFECTS OF THE POLYSACCHARIDES
ISOLATED FROM THE RADIX OF PLATYCODON
GRANDIFLORUM ON TUMOR INVASION AND
METASTASIS

H. Jeong1, 2, J. Kim1, K. Lee1, H. Kim1, 2, J. Choi1, 2, Y. Chung3 and S. Roh4.
1
Pharmacy, Chosun University, Kwangju, Kwangju, South Korea, 2Research Center
for Proteineous Materials, Chosun University, Kwangju, South Korea, 3Division of
Food Science, Chinju International University, Chinju, South Korea and 4Jangsaeng
Doraji Research Institute of Biotechnology, Jangsaeng Doraji Co., LTD., Chinju,
South Korea.
Platycodon grandiflorum is a traditional oriental herbal medicine that is known for
its immunostimulatory effects. This study examined the antimetastatic activities of
a polysaccharide that was isolated from the roots of Platycodon grandiflorum A.
The DC (Campanulaceae) Changkil polysaccharides (CKP) were examined using
in vitro and in vivo metastasis assays. CKP inhibited the invasion of B16-F10
melanoma cells through a reconstituted basement membrane (Matrigel)-coated filter, and strongly inhibited the adhesion of B16-F10 melanoma cell to extracellular
matrices such as Matrigel, fibronectin and laminin substrates. CKP also inhibited
an experimentally-induced lung cancer and increased the survival time in vivo. In
addition, CKP augmented NK cell activity. These results show that CKP can reduce the extent of a lung metastasis of B16-F10 melanoma cells by inhibiting the
tumor invasion of the basement membrane possibly by preventing the adhesion of
tumor cells and activating NK cells.
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PREVENTIVE EFFECT OF SAPONINS DERIVED FROM
ROOTS OF PLATYCODON GRANDIFLORUM ON 4(METHYLNITROSAMINO)-1-(3-PYRIDYL)-1BUTANONE-INDUCED LUNG TUMORIGENESIS IN A/J
MICE

S. Roh1, J. Choi2, 3, J. Kim2, K. Lee2, Y. Hwang2, 3, Y. Chung4 and H. Jeong2, 3.
Jangsaeng Doraji Research Institute of Biotechnology, Jangsaeng Doraji Co., LTD.,
Chinju, South Korea, 2Pharmacy, Chosun University, Kwangju, Kwangju, South
Korea, 3Research Center for Proteineous Materials, Chosun University, Kwangju,
South Korea and 4Division of Food Science, Chinju International University, Chinju,
South Korea.
1

This study examined the chemopreventive effect of saponins that were isolated
from the roots of Platycodon grandiflorum A. DC (Campanulaceae), Changkil
saponins (CKS), against the tobacco-specific carcinogen, 4-(methylnitrosamino)-1(3-pyridyl)-1-butanone (NNK), -on lung tumorigenesis in A/J mice. The mice
were treated with a single NNK dose (100 mg/kg b.w., i.p.). CKS (0.5, 1, 4 mg/kg
body wt.) was administered orally daily for 3 days/week beginning 1 day after the
NNK treatment and was maintained throughout the experiment. The administration of CKS suppressed the NNK-induced increase in the level of proliferating nuclear cell antigens, which are a marker of cell proliferation, in the lungs of the mice
4 weeks after the NNK injection. Twenty-five weeks after the NNK treatment, the
mice were sacrificed and the number of surface lung tumors was measured. CKS
significantly reduced the number of lung tumors induced by NNK in a dose dependent manner. These results suggest that CKS suppresses the development of
lung tumors and has a chemopreventive effect against NNK-induced mouse lung
tumorigenesis.

1413

ANTIMUTAGENIC, ANTIOXIDATIVE, AND
ANTICARCINOGEGNIC EFFECTS OF KOREAN PEARS

M. Yang1, C. Park2 and D. Kim3. 1Department . of Toxicology, Sookmyung Women’s
University College of Pharmacy, Seoul, South Korea, 2Department . of Microbiology,
Hanyang University College of Medicine, Seoul, South Korea and 3College of
Veterinary Medicine & Research Institute of Veterinary Medicine, Chungbuk National
University, Cheongju, South Korea.
People are easily exposed to polycyclic aromatic hydrocarbons (PAHs) in life via
food or air. As PAHs include various carcinogens such as benzo(a)pyrene, improvement of lifestyle, e.g. intake of chemopreventive food, is desirable to prevent PAHsrelated toxicity. We already reported that consumption of Korean pears had inverse
association with level of urinary 1-hydroxypyrene (1-OHP), which is an exposure
biomarker and metabolite of PAHs, in several epidemiological studies.
To clarify antimutagenic and anticarcinogegnic effects of Korean pears, we recently
studied effects of Korean pears on PAH-induced mutagenicity and carcinogenicity,
i.e. antimutagenic effects with micronuclei test and Comet assay, and anticarcinogenic effects with animal lung cancer models. Finally, we performed an intervention
study with the pears in volunteers (N=30) using toxicokinetic methods. As results,
we found that Korean pears rapidly excrete PAHs- metabolites and have antimutagenic, antioxidative, and anticarcinogenic effects against PAHs- exposure.
Therefore, the intake of Korean pears after PAHs exposure such as BBQ is thought
as an ideal lifestyle to prevent PAH-induced cancers.

1414

MOLECULAR MANIFESTATIONS OF BORIC ACIDINDUCED TOXICITY IN DU-145 PROSTATE CANCER
CELLS

W. T. Barranco and C. D. Eckhert. Molecular Toxicology, UCLA, Los Angeles, CA.
Epidemiological, animal, and cell culture studies have identified boron as a prostate
cancer chemo-preventative agent. The objective of the present study was to identify
boron-induced alterations in the DU-145 human prostate cancer cell line. Cells
were exposed to boric acid (0-1000 uM) for 8 days. Boric acid caused a dose-dependent increase in granularity and intracellular vesicle content, enhanced cell
spreading and decreased cell volume. The increased granularity, along with dose-dependent alterations in the expression of cytokeratin 8/18 and increased B-galactosidase activity, suggest that boric acid induces conversion to a more differentiated,
senescent-like cell-type. Boric acid also caused dose-dependent reductions in cyclins
A-E, as well as MAPK proteins. Furthermore, boric acid-treated cells displayed reduced adhesion, migration and invasion potential, and F-actin retraction leading to
reduced metastatic potential; while media acidosis in treated cells was correlated
with an accumulation of LAMP-2-negative acidic compartments. These result
show that the chemo-preventative effects of boric acid result from its ability to convert cells into a senescent state by slowing the cell cycle, increasing the expression of
markers of differentiation, and reducing the capacity for cell invasion and metastasis. (Supported by TSR&TP and DOD grant: DAMD17-03-1-0067)

1415

BORIC ACID INDUCES ER STRESS IN DU-145 AND
LNCAP PROSTATE CANCER CELL LINES

K. A. Henderson1 and C. Eckhert2. 1Molecular Toxicology IDP, UCLA, Los Angeles,
CA and 2Environmental Health Sciences, UCLA, Los Angeles, CA.
Boric acid is a ubiquitous compound found at high levels in fruits, vegetables, wine,
coffee, and in sea water. It is essential for plant life and has been shown to be important in blastula development in zebrafish and xenopus. In vitro studies have
shown that boric acid treatment causes inhibition of cellular proliferation of
prostate cancer cell lines DU-145 and LNCAP, as well as altered calcium homeostasis. In this study, evidence from proteomic and morphological investigations indicate that boric acid treatment induces ER stress in DU-145 and LNCAP prostate
cancer cell lines, causing the unfolded protein response (UPR) and possibly the ER
overload response (EOR). The upregulation of calreticulin and Bip/GRP78, hallmarks of ER stress, occur in a dose dependent manner by 24 hours of boric acid
treatment. A six day treatment causes ER expansion and cellular spreading, as indicated by transmission and scanning electron micrsocopy images. ER stress and survival factors associated with the UPR and EOS responses play important roles in
normal and cancer cell survival and proliferation. ER stress has been shown to affect
tumor response to different chemotherapies such as increased sensitivity to cisplaten treatment and resistance to topoisomerase inhibitors. In addition, ER stress
responses have become a major focus in other pathologies besides cancer, such as
Parkinson’s Disease, and Alzheimer Disease. This indicates a need for research into
ER stress inducers and how the branches of ER stress response control the cell’s
ability to survive and how it contributes to pathology. (Supported by TSR&TP and
DOD grant: DAMD 17-03-1-0067)

1416

BIOMARKER PROFILES OF ECHINACEA SPECIES
USING PRESSURE CYCLING TECHNOLOGY AND
MALDI-TOF MASS SPECTROMETRY

R. Harris, D. Gray, J. Guthrie, L. Greene and S. Schwartz. Midwest Research
Institute, Kansas City, MO. Sponsor: B. Astroff.
Several species in the genus Echinacea are beneficial herbs popularly used for many
ailments. Of the nine species of Echinacea, three are currently the most popular for
cultivation, wild collection and the development of herbal products: E. purpurea
(L.) Moench, E. pallida (Nutt.) Nutt., and E. augustifolia (DC). Product adulteration is an issue of great importance in the natural products industry, where botanical misidentification and the potential for introduction of other botanical and nonbotanical contaminants can occur in the formulation and production process.
Rapid and cost-effective methods that can be used to determine complex product
purity and consistency are of benefit to consumers and producers. The objective of
this continuing research was to develop methods to differentiate Echinacea species
by their MALDI-TOF mass profiles, and to evaluate off-the-shelf products containing Echinacea, alone and with additional botanicals. MALDI-TOF has been successfully used to produce protein biomarker profiles for rapid typing of many bacteria species, viruses, and other microorganisms. Pressure cycling technology (PCT)
was used for rapid, efficient, and reproducible extraction of Echinacea leaves, roots
and products. Current methods for plant tissue extraction rely mostly on mechanical or chemical based methods that can often cause shearing and stability problems
with compound classes such as proteins. During the PCT process, cycles of pressure
from ambient to high (35K psi) were used to release the cellular components of tissue and eliminated many of the problems associated with mechanical methods of
extraction such as grinding. In these experiments, PCT extraction followed by direct MALDI-TOF detection of small and large molecule biomarkers from plant tissue extracts was evaluated as an alternative to more time-consuming and limited
separation methods such as electrophoresis and HPLC.

1417

COLLABORATIVE LABORATORY STUDY OF A
METHOD TO DETERMINE FLAVONOL AGLYCONES IN
GINKGO BILOBA DIETARY SUPPLEMENT CRUDE
MATERIALS AND FINISHED PRODUCTS

D. Gray1, R. Harris1, L. Kerri2, M. Pan2 and E. Waysek3. 1Midwest Research
Institute, Kansas City, MO, 2NSF International, Ann Arbor, MI and 3Caravan
Products, Totawa, NJ. Sponsor: B. Astroff.
A volunteer-driven interlaboratory study was completed for a method to determine
the flavonol aglycones quercetin, kaempferol and isorhamnetin in Ginkgo biloba
products. Ginkgo extract was originally nominated for study to the National
Toxicology Program (NTP) based on its popularity as a dietary supplement,
demonstrated biological activity, and content of potential mutagens such as
quercetin. The original liquid chromatography method was developed and utilized
for ongoing toxicological investigations by the NTP, and was also chosen with another method (NSF-Institute for Nutraceutical Advancement [INA]) for further
study by an AOAC International Expert Review Panel. The combined NTP-MRI

and NSF-INA methods underwent a successful Single Laboratory Validation study
in 2004 and the method was recommended for further study. For the collaborative
study, 12 matrices were chosen for study by 12 collaborating laboratories in two
countries. Eight of the 12 matrices evaluated as part of this interlaboratory study
produced acceptable results for total flavonol glycosides, with HORRAT scores
ranging from 1.31 to 2.05; repeatability relative standard deviations (%RSD(r))
from 1.46 to 4.14; and reproducibility relative standard deviations (%RSD(R))
from 4.67 to 9.69. These eight matrices consisted primarily of simple dosage forms
(e.g., dry powder extracts, crude leaf samples, liquid extracts and SRMs) and a single tablet product (Ginkgo Awareness). Four additional matrices, consisting of
three tablets and one softgel product (Ginkgold, Ginkoba, Ginkogen and Ginkgo
Phytosome, respectively), showed greater total flavonol glycoside HORRAT scores
in comparison, ranging from 2.39 to 5.13, with %RSD(r) values from 2.83 to 8.16;
and %RSD(R) values from 8.53 to 20.4. Based on these results, the method was
recommended for Official First Action to AOAC International.

1418

IN VITRO TOXICITY IN CHO CELLS OF HERBS
COMMONLY USED BY POSTMENOPAUSAL WOMEN

D. N. Sujjavanich and J. E. Gibson. Pharmacology and Toxicology, The Brody
School of Medicine at East Carolina University, Greenville, NC.
Postmenopausal women may use dietary supplements to relieve the most troubling
symptoms of menopause, such as hot flashes, night sweats, and mood swings. These
herbal remedies may be taken individually or in combinations with other agents
marketed as “women’s health” supplements. Research on the toxicity and efficacy of
these herbs and herbal combinations is scattered and contradictory. The herbs commonly used by post menopausal women, either individually or in combinations
with other herbs, are Ginseng (Panax ginseng), Chaste Tree Berry (Vitex agnus-castus
L.), Flaxseed (Linum usitatissimum), Garlic (Allium sativum L.), and Wild Yam
(Discorea villosa). The toxicity of these herbs were tested in vitro in Chinese
Hamster Ovary (CHO) cells. The herbs were ground into a powder by a mechanical mill and extracted into DMSO in a 37°C water bath for 24 hours. The extracts
were then filter sterilized. As the concentrations of the active ingredients of the extracts were unknown, three widely different concentrations of extracts, differing
from one another by factors of 103 to approximate mM, µM and nM dosages, were
applied to the CHO cells in culture for 48 hours. After the treatment, the number
of CHO cells remaining for each concentration of extract were counted using a
Coulter Counter and compared to the number of cells in the control. The lowest
concentration of extracts generally had little effect on the cell counts for the extracts
except for Ginseng and Garlic, for which the number of cells increased over the
control (147-244%). The middle concentration of extracts either caused increased
toxicity to the cells (13-89%), as with Chaste Tree Berry, Garlic, and Ginseng, or
greatly enhanced cell proliferation (223-350%), as observed for the Flaxseed and
Wild Yam. The highest concentration of the extracts caused increased toxicity to
the cells (13-96%), as seen to varying degrees in all extracts. It is concluded that
herbs used by post menopausal women may have toxic effects ranging from cell
death to cell proliferation.

1419

EFFECTS OF COMMERCIAL DIGESTIVE AIDS AND
ACARBOSE ON STARCH FEEDING IN MICE

K. T. Knecht1, S. A. Gerten2 and M. M. Knecht3. 1Pharmaceutical Sciences, Loma
Linda University, Loma Linda, CA, 2Columbus Grove High School, Columbus
Grove, OH and 3Xenium Roundtable, Loma Linda, CA. Sponsor: M. Kadiiska.
Rationale and scope: Phaseolamine, derived from raw kidney beans, is presumed to
act as a diet aid by blocking the amylase-mediated breakdown of starch. A similar
rationale underlies the use of the alpha-glucosidase inhibitor acarbose which is used
in the treatment of diabetes. Although phaseolamine has not been reported as uniformly effective in human studies, it could be that the combination of phaseolamine and acarbose have a synergistic effect that could complicate consistent glucose control. Therefore, the purpose of this study was to examine the effectiveness
of a commercial starch blocker product in an animal model, alone and in combination with acarbose. As a negative control, a commercial digestive enzyme product
containing amylase was also used.
Experimental procedures: Mice pretreated with starch blocker, enzyme supplement,
and/or acarbose were subjected to an oral glucose tolerance test. Blood samples collected at 30 and 90 minutes after dosing were analyzed for glucose and insulin.
Fecal volume and starch content and food consumption were also measured.
Data: Starch blocker or enzyme supplement alone did not appear to have significant effects on the blood glucose response to a starch meal, nor did starch blocker
plus acarbose. However, the combination of enzyme supplement and acarbose appeared to result in an increased glucose load.
Conclusions: Although commercial starch blocker and enzyme supplement did not
appear to have any significant effect on starch digestion, the addition of enzyme
supplement to acarbose could interfere with effective blood glucose control.
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1420

LONG TERM SAFETY AND TOXICOLOGICAL
EVALUATION OF NOVEL NIACIN-BOUND
CHROMIUM

M. Shara, A. Kincaid, A. Limpach, R. Sandstrom and D. Bagchi. Pharmacy
Science, Creighton University, Omaha, NE.
Chromium is an essential trace element required for normal protein, fat and carbohydrate metabolism. Niacin-bound chromium (NBC) is a unique form of bioavailable chromium.
We have previously examined and reported on the safety of NBC in a subchronic
30, 60, and 90-day study in male and female Sprague-Dawley rats. The objective of
this study is to examine the long term safety of NBC by administering it to 36 female and 36 male Sprague-Dawley rats at 10 fold the recommended equivalent
human dose along side a control diet. In this study, the animals’ food and water
consumption as well as body weights will be vigorously monitored and recorded.
One-third of each group and each gender will be killed at 6, 9 or 12 months and
the following assessments will be reported: Complete blood counts, serum electrolytes, hepatic and renal function, selected organ weights, complete histopathology examination of 37 organs and assessment of oxidative stress (lipid peroxidation
and DNA fragmentation) in liver, kidneys and testis. The animals in the treatment
groups were allowed free access to a diet containing 25 parts per million NBC and
tap water or a comparable purified diet without the chromium (Harlan Teklad
AIN-93M). The findings in this preliminary report are the data gathered thus far
from the animal groups killed at six months. With the exception of the 37 organ
histopathology examination currently underway, all other parameters assessed revealed no statistically significant differences between the treatment (NBC) groups
and those of the controls after the first 180 days of study. These findings, thus far,
are in agreement with the subchronic studies in terms of the safety of NBC

1421

A FIFTY-TWO WEEK ORAL TOXICITY STUDY OF
PURPLE SWEET POTATO COLOR IN F344 RATS

T. Ichihara1, 2, K. Nabae1, 2, A. Hagiwara1, N. Imai1, S. Tamano1, Y. Shibahara3,
Y. Tsushima3, T. Koda3, M. Nakamura3 and T. Shirai2. 1DIMS Institute of
Medical Science, Inc., Ichinomiya, Japan, 2Department of Experimental Pathology
and Tumor Biology, Nagoya City University Graduate School of Medical Sciences,
Nagoya, Japan and 3San-Ei Gen F.F.I., Inc., Toyonaka, Japan.
The purple sweet potato (Ipomea batatas Poir.), cultivated in the southern part of
Kyushu in Japan, contains large amount of anthocyanin pigment. Recently, purple
sweet potato color (PSPC) is widely used as a natural food colorant in Japan.
However, safety assessment data for PSPC are limited, and therefore the present
chronic feeding study of PSPC was conducted in rats. Groups of 20 male and 20 female F344/DuCrj rats were fed PSPC at dietary levels of 0, 0.5, 1.5 and 5.0% for
52 weeks. Animals (10 males and 10 females) given citric acid monohydrate (CA)
at a dietary level of 0.27% (which is equivalent to the CA content in PSPC at
5.0%) served as reference control group. There were no treatment-related deaths,
and the treatment had no toxicologically significant effects on body weight, food
and water consumption, ophthalmology, hematology, blood biochemistry, organ
weights, and histopathology data. On observation of general conditions, black feces
and coloring of hair were noted in both sexes of 5.0% group. Brown color and blue
color urine were observed in both sexes of 5.0% group and to some extent in males
receiving 1.5%. However, these changes were due to pigmentation by the test substance, lacking any toxicological significance.
Thus, the no-observed-adverse-effect-level (NOAEL) was judged to be a dietary
level of 5.0% (2484 mg/kg body weight/day for males, 2966 mg/kg body
weight/day for females) of purple sweet potato color (PSPC) under the present experimental condition.

1422

SUBCHRONIC TOXICITY OF β-MYRCENE IN
ADMINSTERED BY GAVAGE TO FISCHER 344 RATS
AND B6C3F1 MICE

D. F. Gerken1, M. J. Ryan1, D. Y. Vasconcelos1, S. W. Graves1, M. R.
Hejtmancik1, D. Orzech2 and P. Chan2. 1TOXBC, Battelle Science and Technology,
Inc., Columbus, OH and 2NIEHS, Research Triangle Park, NC.
β-MYRCENE (myrcene), a natural component of many plant oils, is used as a
scenting and flavoring agent. Because of myrcene’s structural similarity to dlimonene (carcinogen causing renal tumors in rats), these studies were performed to
provide data for proposed chronic studies. Male and female Fischer 344/N rats
and B6C3F1 mice (10/sex/group) were administered myrcene (~100% pure) in
corn oil by gavage at dosages of 0 (control), 0.25, 0.5. 1.0, 2.0, or 4.0 g/kg, 5
days/week for approximately 13 weeks. 10/10 (4.0 g/kg male and female), 2/10 and
4/10 (2.0 g/kg male and female, respectively) rats, and 10/10 (4.0 g/kg male and female), 9/10 and 8/10 (2.0 mg/kg male and female, respectively)
mice died during the study. Mean body weights for rats and mice at termination
were similar to controls for all treated groups except the 1.0 and 2.0 g/kg male rats
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(<90% of control) and the single 2.0 g/kg male mouse (<80% of control). Increases
in liver and kidney weights (absolute and/or relative) were measured in both rats
and mice. At termination, significant increases in reticulocytes were observed in
male rats and significant decreases in red blood cell numbers, hemoglobin, and
hematocrit were observed in both sexes of mice. Non-neoplastic histopathologic
changes observed in treated group(s) of rats and mice included renal tubular degeneration/necrosis, nasal olfactory epithelial degeneration/inflammation, splenic and
thymic atrophy, and forestomach hyperplasia/inflammation/ulcers; harderian gland
porphyrin pigmentation in rats; bone marrow atrophy and hepatic centrilobular
hypertrophy/necrosis in mice. (Supported by N01-ES-15460)

1423

LACK OF EFFECTS OF A TOMATO LYCOPENE
PRODUCT, A NATURAL FOOD COLOR, IN A 28-DAY
ORAL TOXICITY STUDY IN WISTAR RATS

Y. Doi1, 2, A. Hagiwara1, M. Kawabe1, Y. Toda1, T. Ichihara1, 2, N. Inada3, A.
Nishida3, Y. Sasaki3 and T. Shirai2. 1DIMS Institute of Medical Science, Inc.,
Ichinomiya, Japan, 2Department of Experimental Pathology and Tumor Biology,
Nagoya City University Graduate School of Medical Sciences, Nagoya, Japan and
3
San-Ei Gen F.F.I., Inc., Toyonaka, Japan.
Lycopene, a natural carotenoid pigment, is predominantly found in tomatoes and
tomato-based products. As safety assessment data of tomato lycopene are insufficient, and therefore the present subacute oral toxicity was conducted in rats. With
administration by gavage to both sexes of Wistar rats at doses of 0 (as a vehicle control), 500, 1500 and 3000 mg/kg/day tomato lycopene product (containing about
10% natural lycopene in the formulation matrix), or 3000 mg/kg/day of the formulation matrix (as a matrix control) for 28 days, there were no treatment-related
adverse effects on body weights, food consumption, water consumption, or findings of urinalysis, ophthalmology, hematology, clinical chemistry or gross pathology. Assessment of organ weights and histopathology also demonstrated no significant inter-group variation. Regarding general conditions, red feces were found in
both sexes of the 500, 1500 and 3000 mg/kg/day group animals. At necropsy, the
rats also demonstrated reddish discoloration of the contents of the intestinal tract.
However, these changes were due to pigmentation by the test substance, lacking
any toxicological significance.
Thus, no adverse effects were apparent in animals administered the tomato lycopene product at dose levels up to 3000 mg/kg/day for 28 days. The no-observedadverse-effect level (NOAEL) for the tomato lycopene complex was thus concluded
to be 3000 mg/kg/day (equivalent to about 308 mg/kg/day of tomato lycopene) in
both sexes of Wistar rats.

1424

SCREENING OF NIGERIAN SHELLFISH FOR
“DIARRHETIC” TYPE SHELLFISH POISONING (DSP)

I. U. Asuzu and O. O. Igboeli. Veterinary Physiology & Pharmacology, University of
Nigeria, Nsukka, Nsukka, Enugu, Nigeria.
The safety of consumption of shellfish found in Nigeria is in doubt as no known investigation has been carried out on their toxicity. Shellfish samples were collected
from Oron, Warri, Lagos and PortHarcourt (PH) to be screened for diarrhetic
shellfish poisoning (DSP) using the mouse bioassay method. Chloroform was used
in the final step of extraction for the four different samples while diethyl ether was
used (in a separate extraction) in the final step of extraction of the samples from
Lagos and PH. Three groups of mice 6 – 9 weeks of age were fed dried ground hepatopancreas (HP) in feed at 5 g, 25 g and 125 g/kg feed. Control mice were fed on
untreated feed. Possible effects on feed consumption, weight gain, relative organ
weight and haematology were investigated. All the mice injected with HP extract
(chloroform) from PH shellfish died 6 – 8 min post administration of the extract.
They showed convulsive movements 30 s to 1 min prior to death, suggesting possible neurotoxicity. The aqueous phase from the diethyl ether extract of PH shellfish
also resulted in the death of one out of two mice injected with the HP extract 39
min post administration. Both mice showed serious difficulty in breathing. Post
mortem (PM) of the dead mice revealed fluid accumulation in the abdomen. The
intestine was moderately congested. Death was not recorded 24 hours post administration of the HP extracts of shellfish from Oron, Warri and Lagos. PM of mice
24 hours post administration of chloroform HP extract (Lagos) revealed congestion
of the intestines and accumulation of blood in the abdominal cavity. No PM lesions
were observed in the mice treated with HP extracts from the shellfish from Oron
and Warri. In the sub-chronic toxicity test, PM at the end of the study revealed congestion of the GIT of mice in the middle and highest doses. The haemoglobin concentration (Hb) of the highest dose was significantly (P<0.05) higher than Hb of
the lowest dose and control. Our findings indicate that “diarrhetic” type shellfish
poisoning (DSP) toxins are present in Nigerian shellfish.
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EVALUATION OF LEARNING AND MEMORY IN
DEVELOPMENTAL NEUROTOXICITY STUDIES:
COMPARISON OF SINGLE-CHOICE WATER MAZE
ACROSS LABORATORIES

K. Raffaele1, M. Gilbert2, K. Crofton2, E. Mendez1, J. Doherty1, K.
Schumacher1, W. Sette3 and S. Makris4. 1OPP, USEPA, Washington, DC, 2ORD,
USEPA, Research Triangle Park, NC, 3OSA, USEPA, Washington, DC and 4ORD,
USEPA, Washington, DC.
The USEPA Developmental Neurotoxicity (DNT) Guideline calls for functional
and neuropathological assessments in offspring during and following maternal exposure. Learning and memory are evaluated in offspring around postnatal days 23
and 60. As the Guideline does not specify the exact procedure, submitted learning
and memory evaluations are comprised of a number of procedures and report a variety of parameters. To assess the sensitivity and reliability of learning and memory
evaluations, control data were compared across 4 laboratories that used a onechoice water maze spatial task. Procedural information and response data (latency
to goal for Learning Trials (LT) 1 and 2 and Retention Trial (RT) 1) were compiled
from 4 studies/laboratory. Data were compared in terms of: 1) consistency of latencies on different trial types across studies within laboratory; 2) variability of mean
response across trials and laboratories. Although incomplete procedural and data reporting were common and complicated our analyses, we made the following observations: 1) LT2 latencies were shorter than LT1 latencies suggesting some learning
had occurred. 2) RT1 latencies did not differ dramatically from those observed on
LT2, suggesting that most learning had taken place during the first 2 trials. 3)
Although mean latencies for LT1 were consistent within a laboratory, a wide range
in individual values resulted in large coefficients of variation (CVs). 3) CVs were
also large for the subsequent learning and retention trials. 4) Incomplete reporting
by some laboratories complicated assessment of retention data. Excessive variability
in latencies typically reported for this task may limit its utility to detect changes in
learning and memory. Evaluation of additional endpoints possible with this task is
warranted. Standardization of data reporting is strongly recommended. This abstract does not necessarily reflect the policy of the USEPA.

1426

APPLICATION OF MAGNETIC RESONANCE IMAGING
IN DEVELOPMENTAL NEUROTOXICITY TESTING: A
PILOT STUDY

K. Johnson1, L. Ryan2, J. Davis3, A. Elmore3, B. Guenther2, J. Marcus1 and R.
R. Maronpot1. 1Laboratory of Experimental Pathology, NIEHS/NIH/DHHS,
Research Triangle Park, NC, 2MRPath, Durham, NC and 3Integrated Laboratory
Systems, Research Triangle Park, NC.
In a rat developmental neurotoxicity study, three-dimensional magnetic resonance
(MR) images were used to compliment traditional light microscopic evaluation of
histologic sections. Sprague-Dawley dams were treated with 0, 1.25, 4.0 or 7.5
mg/kg methylazoxymethanol acetate (MAM) during gestation days 13-15. At postnatal days 23 and 60, brains from representative male and female rats from 2 dams
in each dose group were fixed with 10% neutral buffered formalin by transcardial
perfusion for in situ MR imaging. A 7T small animal magnet system was used to
obtain 3-dimensional isotropic images with a 125 µm resolution. Data from a rapid
screening method based on midpoint MR slices of whole brain, cerebrum, cerebellum, hippocampus, thalamus and corpus callosum showed a dose-related decreased
volume of whole brain, cerebrum, and hippocampus. Subsequent volumetric measurements using the Cavalieri method confirmed these findings and showed decreased volume of whole brain, cerebrum and hippocampus. The brains were subsequently removed and processed for conventional histologic examination of
hematoxylin and eosin-stained sections. It is concluded that MR imaging in rat developmental neurotoxicity studies offers the advantages of in situ volumetric measurements of brain structures while preserving the samples for conventional optical
microscopy.

1427

HISTOLOGICAL STUDY FOCUSING ON THE FETAL
BRAIN: EVALUATION OF A RAT AUTISM MODEL
INDUCED BY VALPROATE AND THALIDOMIDE

T. Ogawa1, M. Kuwagata2, 1 and S. Shioda1. 1Anatomy, Showa University School of
Medicine, Shinagawa-ku, Japan and 2Pathology, Hatano Research Institute, FDSC,
Kanagawa, Japan.
Prenatal exposures to chemicals such as alcohol, lead, PCBs and valproate (VAP) are
well known to induce developmental abnormalities in the central nervous system of
children. Developmental neurotoxicity tests are important to protect the pediatric
brain from such chemical-induced tragedies. In the present study, the usefulness of
histological observation of the fetal brain by DNT screening was investigated in the
rat chemical-induced autism model. Rats were exposed to thalidomide (THA) (500
mg/kg) or to VPA (800 mg/kg) orally on gestation day (GD) 9 or 11, and observed

the fetal brain at embryonic day 14. The fetal brains were carefully observed using
serial coronal and sagittal sections after 5-HT immunohistochemical staining. The
exposure to THA did not induce any detectable alternations despite reports suggesting that this chemical affects the development of 5-HT neurons. The VPA exposure on GD9 induced a diminished development of 5-HT, and both of exposure
days induced an altered structure in the thalamus, which was rounder with an enlarged third ventricle. Not all VPA-exposed brains were affected, but the incidences
ranged from 25% to 45%. These alternations did not seem to simply involve developmental delay, since the size of the brain was not smaller compared to the controls. Fetal brain study informs the postnatal study that 1) even if some offspring
are affected, there may be numerous unaffected offspring in this VPA-induced
autism model, 2) Detection of abnormal individuals (evaluating the incidence of
abnormalities) is important, and that evaluating mean values of groups (e.g. locomotor activity) is not useful. Thus, this study demonstrated that examination of
fetal brains after chemical exposure can be a good new endpoint to support postnatal data from current developmental neurotoxicity studies. (Supported in part by a
grant for Long-range Research Initiative from the Japan Chemical Industry
Association).
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A RETROSPECTIVE REVIEW OF DEVELOPMENTAL
NEUROTOXICITY STUDIES UTILIZING GAVAGE
DOSING OF PRE-WEANING RATS DEMONSTRATES
NO ADVERSE CONSEQUENCES OF DOSING
PROCEDURES ON BRAIN MORPHOMETRY

S. L. Makris1, K. M. Crofton2, J. Doherty3, K. C. Raffaele3, E. Mendez3 and K.
Schumacher3. 1ORD/NCEA, USEPA, Washington, DC, 2ORD/NHEERL, USEPA,
Research Triangle Park, NC and 3OPP, USEPA, Washington, DC.
The USEPA Office of Pesticide Programs has received a number of developmental
neurotoxicity (DNT) studies in support of pesticide registration. Some used gavage
dosing in pre-weaning rats to assure the adequacy of postnatal exposure to test substance. A total of 17 DNT studies were evaluated. These studies used Wistar or
Sprague-Dawley rats, at 3 laboratories under GLP regulations; 8 studies included
direct gavage dosing of pups. In these 8 studies, control group sizes ranged from 2438 litters, yielding 1920 post-culling control pups from 240 litters. Pups were gavage dosed once daily (water or corn oil vehicle, at 5 or 10 ml/kg bw), either from
PND 7-21 (with a subset of pups necropsied on PND 11), or from PND 11-21
(with a subset necropsied on PND 21). Thus, for 4 studies from 1 lab, pups received 4 doses prior to necropsy, and for 4 studies conducted in 2 labs, pups received 11 doses prior to necropsy. Inter-laboratory procedural differences (e.g., different neuroanatomical landmarks, number of measurements taken per
neuroanatomical region, single vs bilateral measures) hampered comparison of data
across laboratories. For within-laboratory data, consistent procedures allowed comparison of major brain layer measurements, taken from the neocortex, hippocampus, and cerebellum of pups terminated at PND 11 or 21. Brain morphometry data
from gavage-dosed control pups were compared to pup data from DNT studies in
which only the dams were dosed (by diet or gavage). For the 2 labs with 11 prenecropsy doses, the small number of studies limited the ability to analyze the data;
for the lab with 4 pre-necropsy doses (4 direct-dosed studies vs 6 non-direct dosed
studies), no adverse consequences of the dosing procedure were apparent in brain
morphometry data. This abstract does not necessarily reflect the views or policy of
the USEPA.

1429

ON THE USE OF NEURO-2A NEUROBLASTOMA CELLS
VERSUS INTACT NEURONS IN PRIMARY CULTURE
FOR NEUROTOXICITY STUDIES

K. T. LePage1, W. H. Gerwick2, R. W. Dickey3, E. L. Jester3 and T. F. Murray1.
1
Physiology and Pharmacology, University of Georgia, Athens, GA, 2Oregon State
University, Corvallis, OR and 3FDA Gulf Coast Seafood Laboratory, Dauphin
Island, AL.
Neuroblastoma cell lines have been used extensively to screen novel compounds for
neurotoxic properties and associated mechanisms. Such transformed cell lines often
display morphological, developmental and signaling characteristics that are substantially different from the parental cell type. The response of neuroblastoma cells
to toxin exposure may therefore differ from that of neurons. An appreciation of the
pharmacological and functional differences between neurons and neuron-like cell
lines is therefore essential when interpreting data derived from neuroblastomabased assays. We have compared the effects of several neurotoxins on Ca2+ homeostasis and cell viability in cerebellar granule neurons (CGN) and a neuroblastoma
cell line (Neuro-2a). To explore the mechanisms underlying differential sensitivity
of intact neurons and neuroblastoma cells to neurotoxins, we also compared CGN
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and Neuro-2a cells for expression of voltage-gated sodium channels (VGSC) and
N-methyl-D-aspartate receptors (NMDAR). The cytotoxic potency of Caribbeanciguatoxin-1 (C-CTX-1) was two orders of magnitude greater in CGN than in
Neuro-2a cells. Domoic acid caused an elevation in intracellular calcium ([Ca2+]i) at
concentrations that paralleled the concentration-response relationship for cytotoxicity in CGN. C-CTX-1 did not elevate [Ca2+]i within it’s dynamic concentration
range for cell death. Neuro-2a cells not pretreated with veratridine and ouabain
were insensitive to C-CTX-1, and glutamatergic agonists. VGSC expression was
twenty-fold lower in Neuro-2a cells than in CGN, while NMDARs were not expressed in these neuroblastoma cells. It is therefore likely that the enhanced sensitivity of CGN, relative to Neuro-2a cells, to neurotoxins is a consequence of pronounced differences in VGSC and NMDAR expression. These results underscore
the need to exercise caution in interpreting cytotoxicity data derived from the use of
neuroblastoma cell lines.

a more prominant role in DLM biotransformation than CaEs in both young and
adults. The severity of neurotoxic effects varied inversely with age when the rats received equivalent dose of DLM (10 mg/kg). Sustained toxic signs resulted in 100%
mortality in PND10 and 21, whereas PND40 and 90 experienced only transient
salivation and all the rats survived. Correspondingly, blood DLM AUCs of 0-6h
progressively decreased with increasing age (PND10 = 12.3, 21 = 6.0, 40 = 3.5 and
90 = 1.9). This study provides evidence that preweanling rats’ limited metabolic capacity contributes to elevated systemic exposure and ensuing adverse effects of
DLM. (Supported by EPA STAR Grant R830800). This is an abstract of a proposed presentation and does not necessarily reflect Agency policy
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ONTOGENY OF PROTEINS ASSOCIATED WITH
NEURITE GROWTH AND SYNAPTOGENESIS IN
CEREBELLAR GRANULE CELLS IN VITRO

W. R. Mundy, T. M. Freudenrich, B. L. Robinette and C. A. Rothermund.
Neurotoxicology Division, USEPA, Research Triangle Park, NC.
In vitro techniques may be useful in screening for effects of developmental neurotoxicants. Previously, we characterized changes in biochemical markers associated
with neuronal development in a PC12 cell model of differentiation and growth.
The current research extended these studies by examining the ontogeny of similar
proteins associated with neurite growth and synaptogenesis in a primary neuronal
culture. Cerebellar granule cells were prepared from 7-day-old rats and grown on
poly-lysine coated 30 mm dishes at high density (for protein extraction) or 96-well
plates at low density (for determination of neurite growth). Cells were harvested
and lysates prepared on day in vitro (DIV) 0, 1, 2, 4, 5, 7, 8, 10, and 14. Protein expression was determined by western blot or slot. The ontogeny of protein expression varied for the different markers. GAP-43 expression, which is associated with
axon elongation, was low on DIV 0, peaked at DIV 4 and then decreased.
Expression of the dendritic protein MAP2 increased to DIV 6 and remained high,
while the cytoskeletal protein NF68 increased progressively to DIV14. Expression
of the synaptic protein Synapsin was virtually absent until DIV 4, then increased to
maximal levels at DIV 8 and remained high. To determine whether these proteins
were affected by chemical perturbation, we exposed cells at the time of plating to
the PKC inhibitor Bis1 at concentrations (2.5 and 5 uM) previously shown to inhibit neurite growth in PC12 cells. Cerebellar granule cells exhibited a wide range
of neurite lengths 24 hr after plating (average 57 um) which were decreased by 5
uM Bis1. Effects of Bis1 on proteins were examined on DIV 2, 5, and 8. Bis1 exposure decreased the expression of GAP-43 on DIV 2 and NF68 and Synapsin on
DIV 5, but had no effect on MAP2. These data demonstrate the differential ontogeny of several biomarkers corresponding with growth and synaptogenesis in
vitro that could be used to study neurotoxicity. (This is an abstract of a proposed
presentation and does not necessarily reflect EPA policy).

S. Schneider1, W. Kaufmann1, B. van Ravenzwaay1, F. Hess2 and C. Hastings2.
1
Experimental Toxicology and Ecology, BASF AG, Ludwigshafen, Germany and
2
Toxicology and Ecotoxicology, BASF Corporation, Research Triangle Park, NC.
A Rat Developmental Thyroid Toxicity Study protocol is being developed to evaluate potential effects on the thyroid gland in fetuses and pups following exposure to
dams during pregnancy and lactation. Endpoints include hormone levels and thyroid weight and histopathology. The known thyroid toxicant, propylthiocylurea
(PTU) was used to establish baseline data for Wistar dams and their offspring, and
to obtain reliable methodology of thyroid sampling and histotechnical processing.
For this purpose, 35 time-mated female Wistar rats per group were gavage-exposed
at doses of 0.1, 0.5 and 2.5 mg/kg bw/day PTU daily on GD 6 through PND 10
and compared to a sham-treated control group. Blood and thyroid sampling was
conducted on GD 20 and PND 21 in dams as well as on GD 20, PND 4 and PND
21 in fetuses/pups. Litterwise pools gave adequate sample size to determine T4 and
TSH in GD 20 fetuses and T3, T4, and TSH in PND 4 pups. In dams and PND
21 pups, blood samples from individual animals were sufficient to determine T3,
T4 and TSH. In fetuses and pups, thyroids were dissected with adjacent tissue to
maintain optimal glandular architecture for histopathology evaluation; however,
this procedure precluded measurements of thyroid weights at these time points.
Hormone determination revealed dose-dependent effects mainly on T4 and TSH
with less effects noted on T3. In dams a clear decrease of T4 and a clear increase of
TSH was noted at 0.5 mg/kg bw/day and above. In GD 20 fetuses as well as PND
4 and PND 21 pups, dose related effects on T4 and/or TSH were observed at 0.1
mg/kg bw/day and above, whereas, similar to dams, T3 responded with less sensitivity to treatment. Average variability of the data was acceptable. The results of this
study establish a positive control baseline for future comparison to potential effects
of various test substances.

1433
1431

AGE-DEPENDENT HEPATIC AND PLASMA
METABOLISM OF DELTAMETHRIN IN VITRO: ROLE IN
ACUTE NEUROTOXICITY

S. S. Anand1, K. Kim1, S. Padilla3, S. Muralidhara1, H. J. Kim1, J. W.
Fisher2 and J. V. Bruckner1. 1Department Pharmacology. and Biom. Sciences.,
University. Georgia, Athens, GA, 2Department Environment Health Sciences.,
University. Georgia, Athens, GA and 3Neurotox. Division, USEPA, Research
Triangle Park, NC.
Deltamethrin (DLM) is a relatively potent and a widely used pyrethroid insecticide.
Inefficient metabolism is proposed to be the reason for the greater sensitivity of immature rats to DLM acute neurotoxicity. The aim of this study was to test this hypothesis by characterizing the age-dependency of DLM metabolism, toxic signs,
and blood levels of DLM. Metabolism was quantified in vitro by monitoring the
disappearance of DLM from plasma [carboxylesterases (CaEs)] and liver (CaEs and
CYP450s) obtained from 10-, 21- and 40-d-old male SD rats. Intrinsic clearances
(ICs, Vmax/Km) by liver CYP450s (PND10 = 4.99±0.32, 21 = 16.99±1.85 and 40
= 38.45±7.03) and by liver (PND10 = 0.34±0.05, 21 = 1.77±0.38 and 40 =
2.53±0.19) and plasma CaEs (PND10 = 0.39±0.06, 21 = 0.80±0.09 and 40 =
2.28±0.56) increased with age and were attributable to progressive increases in
Vmax, as Km did not change. IC of DLM by plasma CaEs and liver CYP450s
reached adult levels by 40 d, but IC by liver CaEs did not. ICs by plasma and liver
CaEs were comparable at each stage of maturation, but liver CaEs of adult rats exhibited higher IC than plasma CaEs (Anand et al., 2005). Hepatic CYP450s played

292

SOT 2006 ANNUAL MEETING

EFFECTS OF 6-PROPYL-2-THIOURACIL (PTU) ON
THYROID GLAND MORPHOLOGY AND THYROID
HORMONE LEVELS IN WISTAR RATS AND THEIR
OFFSPRING

GENOMIC ANALYSIS OF PTU-INDUCED
HYPOTHYROIDISM IN THE RAT HIPPOCAMPUS

J. E. Royland and M. E. Gilbert. Neurotoxicology Division, US Environmental
Protection Agency, Durham, NC.
Propylthiouracil (PTU) exposure results in depletion of thyroid hormone by blocking its synthesis. It often is used to study the effects of hypothyroidism in the brain,
where deficits during critical periods lead to neuroanatomical, molecular and neurochemical alterations. Decreases in proliferation, migration, dendritic arborization, synapse formation and mylination have been reported. Functionally, exposure
to PTU during development has been shown to result in hippocampal dependent
learning tasks, synaptic transmission and plasticity. As thyroid hormone receptors
are ligand-regulated transcription factors, hypothyroidism could lead to alterations
in gene expression. Normal thyroid hormone action in the brain has a role in fine
tuning of gene expression, with changes in expression for individual genes exhibiting different time windows during brain development. In this study we use the
Affymetrix rat neuroarray U34 chip (1322 genes) to examine gene expression
changes in the hippocampi of PND16 Long-Evans rat brains from dams dosed
with 0 or 10 ppm PTU in their drinking water from GD6 through sampling.
Gestational dosing with PTU has been shown to permanently alter hippocampal
ultrastructure and function. At PND16 cell migration, dendritic aborization and
the formation of neuronal connections are still in progress. Differentially expressed
genes were verified by two methods 1) ANOVA (P < .05) followed by filtering on
fold change and 2) SAM (Significance Analysis of Microarrays) at a false discovery
rate of ~10%. At the time point examined, 53 genes were found to be changed ≥
1.25 fold by PTU exposure, the majority of which were down regulated (81%).
Analysis of gene function by pathway analysis software showed genes involved in
cellular assembly and organization (17 genes) and cell function and maintenance

(14 genes) to predominate, followed by cell-to-cell signaling and interactions (12
genes). Whether these changes reflect permanent alterations or merely changes in
the normal “windows of expression” is unknown. (This abstract does not necessarily reflect USEPA policy).

1434

DIFFERENT MECHANISMS IN PROSTAGLANDIN H
SYNTHASE (PHS)-CATALYZED OXIDATION OF
CATECHOLAMINE NEUROTRANSMITTERS VS. 3,4METHYLENEDIOXYMETHAMPHETAMINE AND
METHAMPHETAMINE TO FREE RADICAL
INTERMEDIATES

G. P. McCallum1 and P. G. Wells1, 2. 1Faculty of Pharmacy, University of Toronto,
Toronto, ON, Canada and 2Department . of Pharmacology, University of Toronto,
Toronto, ON, Canada.
The amphetamines 3,4-methylenedioxymethamphetamine (MDMA, Ecstasy), and
methamphetamine (METH) generate reactive oxygen species (ROS), which can
oxidatively damage cellular macromolecules, potentially leading to altered cellular
function or death. We have previously shown PHS-catalyzed bioactivation of amphetamines to free radical intermediates that oxidize DNA (Toxicol Sci
(Supplement: The Toxicologist) 72(S-1): 72 (No. 350). The present investigation
was undertaken to determine the mechanism of oxidation of amphetamines by
PHS. We determined that MDMA and METH were not reducing cosubstrates for
PHS-1 peroxidase assessed by the ability of PHS-1 to catalyze the reduction of 5phenyl-4-pentenyl hydroperoxide (PPHP) to 5-phenyl-4-pentenyl alcohol (PPA).
However, both MDMA and METH as well as the positive control aminopyrine
were substrates for arachidonic acid-dependent PHS-1-catalyzed N-demethylation
determined by the rate of formaldehyde formation with Nash reagent. These results
suggest that peroxyl radicals formed during the cyclooxygenase activity of PHS-1
are capable of oxidizing amphetamines to free radical intermediates that may cause
oxidative macromolecular damage, potentially contributing to the neurodegenerative effects of these agents. In contrast to the amphetamines, the endogenous neurotransmitters l-epinephrine and dopamine were excellent reducing substrates for
PHS-1 peroxidase, suggesting that peroxidase-catalyzed one-electron co-oxidation
of catecholamines to free radical intermediates is an additional mechanism whereby
PHS-dependant metabolism can contribute to oxidative macromolecular damage.
These results may be relevant to the mechanisms and risk factors for neurodegeneration initiated by MDMA and other amphetamine analogs. (Support: CIHR;
Rx&D Health Research Fdn/CIHR Postdoctoral Award [GPM])
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THE ROLE OF OXIDATIVE DNA DAMAGE AND REPAIR
IN METHAMPHETAMINE-INITIATED
NEURODEVELOPMENTAL DEFICITS

A. W. Wong1 and P. G. Wells1, 2. 1Faculty of Pharmacy, University of Toronto,
Toronto, ON, Canada and 2Department . of Pharmacology, University of Toronto,
Toronto, ON, Canada.
The oxidative DNA lesion 8-oxoguanine (8-oxoG) has been implicated in cancer,
neurodegeneration and teratogenesis. Repair of 8-oxoG is catalyzed by oxoguanine
glycosylase 1 (Ogg1), and also involves the Cockayne syndrome B (CSB) protein.
In utero exposure to methamphetamine (METH) on gestational day 17 enhances
DNA oxidation in CD-1 fetal mouse brain, and causes postnatal motor coordination deficits. Contrary to adults, in utero METH exposure of CD-1 mice does not
cause striatal dopaminergic nerve terminal degeneration nor changes in apoptosis.
It also does not alter fetal repair activity, but decreases DNA replication in the fetal
brain. To investigate the roles of 8-oxoG and its repair in the respective initiation of
and risk for METH-initiated neurodevelopmental anomalies, we used ogg1 and
CSB knockout mice. Both ogg1- and CSB-deficient mice exhibited greater METHenhanced 8-oxoG levels in the fetal brain, with more pronounced effects in ogg1
knockout fetuses. Female ogg1 and CSB homozygous null (-/-) offspring exposed in
utero to METH exhibited enhanced postnatal coordination deficits versus wild type
and heterozygous littermates. Ogg1 -/- females also showed decreased motor coordination compared to saline controls of the same genotype. However, there was no
apparent postnatal nerve terminal degeneration in the knockout mice, indicating
that Ogg1- and CSB-mediated protection against METH is unrelated to dopaminergic terminal damage. The latter results suggest different mechanisms underlying
METH-initiated neurodevelopmental deficits in the fetus and neurodegeneration
in the adult. The enhanced susceptibility of ogg1 and CSB knockout mice provide
the first evidence that 8-oxoG constitutes an embryopathic molecular lesion, and
that functional DNA repair involving Ogg1 and CSB may be important in protecting against METH-initiated neurodevelopmental deficits. (Support: CIHR,
NSERC [AWW], SOT Novartis Fellowship [AWW])
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DOWNREGULATION OF DEVELOPMENTAL mRNA
EXPRESSION OF IONOTROPHIC GLUTAMATE
RECEPTOR SUBUNITS FOLLOWING GESTATIONAL
EXPOSURE TO BENZO(A)PYRENE IN F1 GENERATION
RATS
L. A. Brown and D. B. Hood. Department of Biomedical Sciences, Division of
Neurobiology and Neurotoxicology, Center for Molecular and Behavioral Neuroscience,
Meharry Medical College, Nashville, TN.
Polycyclic aromatic hydrocarbons (PAHs) are persistent environmental contaminants that exhibit a myriad of toxic symptoms in mammals. Present gaps in research and unanswered questions exist concerning the toxicological effects of PAH’s
and mixtures of these compounds. Benzo(a)pyrene, or [B(a)P], is a prototypical
PAH also produced by the incomplete combustion of organic substances in
processes such as in wood processing, trash incineration, coal burning, automobile
emissions, charcoal grilling, wood burning, industrial processes, and cigarette
smoking. It is postulated that gestational exposure to even low levels of B(a)P causes
lifelong deficits in both learning and memory through dysregulation of ionotrophic
glutamate receptors such as NMDA and AMPA. In this study, the mRNA developmental expression profiles of critical glutamate receptor subunits were determined
in F1 generation animals following gestational exposure of timed-pregnant dams
on GD 14-17 via gavage. Glutamate receptor subunit (NR2A, NR2B, and GluR1)
expression was evaluated on PND 2, 5, 10, 15, and 20 by semiquantitative RTPCR. The results from this study reveal a dose-dependent decrease in glutamate receptor subunit expression as a result of B(a)P exposure. A simultaneous determination of the effect disposition of B(a)P on glutamate receptor maturation during the
critical period of synaptogenesis was conducted, using ex vivo primary neuronal
cultures that were analyzed by fluorescent microscopy. The fluorescence microscopy
results from B(a)P exposed primary neuronal cultures reveal a robust, 63% downregulation of glutamate receptor maturation a result of gestational B(a)P exposure
as compared to controls. This study coupled with its companion study establishes
the prenatal brain burden of B(a)P which gives rise to physiological and behavioral
learning impairments in adult life. (Supported by NS41071)
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USE OF PROTEOMIC APPROACHES FOR THE
IDENTIFICATION OF CHANGES IN ASTROCYTE
SECRETION FOLLOWING ETHANOL EXPOSURE
N. Moore1, M. Guizzetti1, B. Gallis2, S. Shaffer2, D. R. Goodlett2 and L. G.
Costa1. 1Department of Environmental & Occupational Health Sciences, University
of Washington, Seattle, WA and 2Department of Medicinal Chemistry, University of
Washington, Seattle, WA.
Astrocytes, through the release of soluble factors, contribute to neuronal differentiation and survival, to neurite outgrowth and synaptogenesis. Ethanol is a developmental neurotoxicant known to affect both neurons and astrocytes. We have shown
that carbachol and ethanol affect the release of soluble factors from astrocytes resulting in stimulation (in the case of carbachol) or inhibition (in the case of
ethanol) of neurite extension in hippocampal neurons. The goal of this study was to
investigate the changes in astrocyte secretion after carbachol and/or ethanol treatments using two proteomic approaches. First, the entire mixture of secreted proteins was evaluated using a shotgun approach. Conditioned media was digested
with trypsin and analyzed by LTQ-FT mass spectrometry (MS). Control conditions yielded 196 putatively identified proteins and treatment groups exhibited
substantially more proteins. The larger molecular weight proteins dominated the
results with 80% of proteins greater than 25 kD. Of the 81 extracellular proteins
identified, the control sample had 36, ethanol 46, carbachol 55, and combined carbachol and ethanol treatments had 55. The second approach selectively enhanced
the detection of smaller molecular weight proteins. Conditioned medium samples
were separated by SDS-PAGE. Gel sections corresponding to <40 kD proteins were
excised, digested with trypsin, and analyzed by LTQ-FT MS. This technique
yielded fewer proteins, with 34 putative proteins obtained in control conditions
and more proteins in other treatments. There were 28 identified extracellular matrix proteins: 10 in the control sample, 12 in ethanol, 10 in carbachol, and 6 in the
combined treatment sample. Future studies will be aimed to verify the presence and
the relative abundance of selective proteins involved in neurite outgrowth. (Supp
AA08154, ES07033 & ES07032)
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EFFECT OF ETHANOL ON CARBACHOL-INDUCED
NEURITE OUTGROWTH IN PRENATAL HIPPOCAMPAL
NEURONS
K. L. VanDeMark, M. Guizzetti, G. Giordano and L. G. Costa. Department of
Environmental and Occupational Health Sciences, University of Washington,
Seattle, WA.
Fetal Alcohol Syndrome is one of the leading known preventable causes of mental
retardation and birth defects and is characterized by abnormal facial features,
growth deficiencies, and central nervous system abnormalities including microcephaly, mental retardation and learning disabilities. Acetylcholine (ACh) is a
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major excitatory neurotransmitter in the nervous system that may have morphogenic properties, such as regulating growth, differentiation, and plasticity of
neurons during brain development. ACh is widely expressed during development
and the hippocampus receives extensive innervation from cholinergic neurons beginning prenatally. As the hippocampus is involved in the processes of memorization and learning, we investigated the effects of alcohol on the maturation of hippocampal neurons in the presence and absence of the cholinergic agonist
carbachol. Hippocampal neurons from 21 day rat fetuses were treated for 24 hours
with carbachol and/or ethanol (10-100mM), and neurite outgrowth was determined using a commercially available kit and by morphometric analysis using a fluorescent microscope.
Carbachol induced hippocampal neurite outgrowth in a concentrationdependent manner, and this effect was completely inhibited by the muscarinic receptor antagonist atropine, but not by the nicotinic receptor antagonist mecamylamine. Ethanol caused a concentration-dependent inhibition of carbachol-induced
neurite outgrowth starting at 10mM. The morphometric analysis revealed that
100µM carbachol increased the length of axons in hippocampal neurons while dendrite length was unaffected. Ethanol (10-50mM) reduced the length of axons and
dendrites, and abolished the effects of carbachol. Taken together these data suggest
that carbachol may have a morphogenic role during brain development by inducing
axon extension in E21 hippocampal neurons and that ethanol strongly inhibits
neurite extension in the same cells abolishing the trophic effect of carbachol.
(Supported by AA08154, ES07033 and ES07032 EP/T Training Grant)
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COMPARATIVE DEVELOPMENTAL NEUROTOXICITY
OF ORGANOPHOSPHATES IN VITRO AND IN VIVO

F. J. Seidler, E. D. Levin and T. A. Slotkin. Superfund Basic Research Center, Duke
University MED. Ctr, Durham, NC.
Recent evidence suggests that the developmental neurotoxicity of organophosphate
insecticides depends on actions over and above their common ability to inhibit
cholinesterase. To establish whether the effects on brain development represent direct actions of these agents, we compared the ability of 5 and 30 uM chlorpyrifos,
diazinon, parathion, and the non-organophosphate cholinesterase inhibitor,
physostigmine, to inhibit DNA synthesis in neuronotyic PC12 cells over time
spans ranging from 1 hr to 6 days. Although all the agents elicited significant inhibition, the organophosphates were more effective than physostigmine. However,
when differentiation was initiated by addition of nerve growth factor, the effect of
physostigmine on DNA synthesis was markedly enhanced. In addition, chlorpyrifos added at the commencement of differentiation impaired the ability of the cells
to express the cholinergic phenotype (choline acetyltransferase activity), whereas
the catecholaminergic phenotype (tyrosine hydroxylase activity) was unaffected.
We then administered chlorpyrifos, diazinon or parathion to neonatal rats on postnatal days 1-4 and evaluated effects on brain development 24 hr after the last dose.
Parathion had much greater systemic toxicity (impaired weight gain, mortality)
than the other organophosphates, so we compared effects up to the maximum tolerated dose: 1 mg/kg chlorpyrifos, 0.5-2 mg/kg diazinon, 0.02-0.1 mg/kg
parathion. Chlorpyrifos and diazinon, but not parathion, impaired the cholinergic
phenotype and indices of neurite outgrowth. These results indicate that the various
organophosphates share share developmental neurotoxic mechanisms that are unrelated to their inhibition of cholinesterase or systemic toxicity. The underlying
mechanisms undergo a marked transition at the onset of differentiation. Supported
by NIH ES10356.

1440

CHLORPYRIFOS AFFECTS NEURONOTYPIC CELL
REPLICATION AND PHENOTYPIC OUTCOMES
DURING SPECIFIC CRITICAL PERIODS

R. R. Jameson, F. J. Seidler, D. Qiao and T. A. Slotkin. Pharmacol/Cancer Biol,
Duke University of MED. Ctr, Durham, NC.
Chlorpyrifos (CPF) impairs brain development, targeting specific events in cell differentiation that converge on particular neurotransmitters. Because effects in vivo
involve maternal-fetal physiology, hormonal and nutritional status, we assessed effects on cell replication and phenotypic fate in neuronotypic PC12 cells. Upon addition of nerve growth factor (NGF), the cells exit mitotisis and develop neurites,
differentiating into cholinergic and catecholaminergic phenotypes. We used concentrations of CPF below (5 uM) and above (50 uM) the threshold for
cholinesterase inhibition to distinguish direct vs. indirect effects. In undifferentiated cells, 5 uM CPF for 24 or 72 hr reduced DNA synthesis by 15% without affecting viability. At the same time, CPF increased tyrosine hydroxylase (TH), the
catecholamine phenotypic enzyme, without affecting choline acetyltransferase
(ChAT), the corresponding cholinergic marker. NGF increased TH and ChAT several-fold in conjunction with differentiation into the two phenotypes. CPF exposure commenced simultaneously with NGF reduced ChAT but not TH; a larger effect was seen at 50 uM CPF, without any change in specificity. In contrast, when
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CPF was added after the initiation of differentiation (4 days after NGF), ChAT was
unaffected. CPF thus exerts stage-specific effects: in undifferentiated cells it inhibits
replication while promoting the catecholaminergic phenotype; at the initiation of
differentiation (but not afterwards), it specifically impairs emergence of the cholinergic phenotype. CPF administration in vivo results in deficits in neural cell numbers and in cholinergic function in adulthood. Because we were able to reproduce
these effects in vitro at concentrations below the threshold for cholinesterase inhibition, our results indicate that CPF has a direct effect on neuronal cell development, independent of cholinesterase inhibition. These types of alterations are likely
to account for adverse neurobehavioral effects of low-level exposures to CPF or potentially to other organophosphate insecticides. NIH ES10356/07031.

1441

CHLORPYRIFOS INHIBITS AXON OUTGROWTH VIA
DISRUPTION OF THE MORPHOGENIC ACTIVITY OF
ACETYLCHOLINESTERASE

P. Lein1, 2, D. Yang1, A. Howard2 and D. Bruun1. 1Center for Research on
Occupational and Environmental Toxicology, Oregon Health & Science University,
Portland, OR and 2Environmental Health Sciences, Johns Hopkins University
Bloomberg School of Public Health, Baltimore, MD.
Acetylcholinesterase (AChE) is the enzyme responsible for terminating acetylcholine neurotransmission. There is accumulating evidence that in the developing
nervous system AChE also functions as a morphogenic factor to promote axon outgrowth. This raises the question of whether developmental neurotoxicants known
to target AChE, such as the organophosphorus pesticides (OPs), interfere with axonogenesis. To test this hypothesis we exposed primary cultures of sensory neurons
isolated from embryonic rat dorsal root ganglion (DRG) to varying concentrations
of chlorpyrifos (CPF) or its oxon metabolite (CPFO). Neither OP altered the number of axons per neuron, but both OPs caused a concentration-dependent decrease
in total axonal length per neuron. This inhibition of axon outgrowth occurred at
OP concentrations that had no effect on protein synthesis or the catalytic activity of
AChE. To determine whether OPs inhibit axon outgrowth via interactions with
AChE, we compared the effects of CPF or CPFO on axon outgrowth in DRG neurons cultured from AChE nullizygous (AChE-/-) mice versus AChE wildtype
(AChE+/+) mice. In the absence of OPs, DRG neurons from AChE-/- extended
axons at a slower rate relative to AChE+/+ DRG neurons, confirming that AChE
influences axon outgrowth in this neuronal cell type. Addition of CPF or CPFO inhibited axon outgrowth in the AChE+/+ DRG neurons, but comparable concentrations had no effect on axon outgrowth in AChE-/- DRG neurons. Transfection
of AChE-/- DRG neurons with cDNA encoding full-length AChE restored the
wild-type phenotype both in terms of basal levels of axon outgrowth and responsiveness to the axon inhibitory effects of OPs. These data suggest that OPs inhibit
axon outgrowth via disruption of the morphogenic activity of AChE.
These studies were supported by NIH (ES011771 to PJL and T32 ES007141 to AH).
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CHRONIC DEVELOPMENTAL EXPOSURE TO
ORGANOPHOSPHATES ELEVATES DOPAMINE LEVELS
AND ALTERS NICOTINIC ACETYLCHOLINE SUBUNIT
RNA EXPRESSION

J. B. Eells and T. Brown. Center for Environmental Health Sciences, College of
Veterinary Medince, Mississippi State University, Mississippi State, MS. Sponsor: J.
Chambers.
Organophosphates (OP) inhibit acetylcholinesterase, the enzyme responsible for
the inactivation of synaptic acetylcholine, which results in elevated acetylcholine
neurotransmission. Acetylcholine neurotransmission is widespread throughout the
brain and can affect multiple neurotransmitter systems including the mesencephalic dopamine system. The current experiment investigated how chronic, developmental exposure to the organophosphate insecticides chlorpyrifos (CPS) or
methyl parathion (MPT) affects dopamine levels and dopamine neuron gene expression. Newborn rats were treated with corn oil vehicle, CPS or MPT via gastric
lavage daily from postnatal day (PND) 1-21. The CPS group received 1.5 mg of
CPS from PND 1 through 7, 3 mg/kg CPS from PND 8-14 and 6 mg/kg CPS
from PND 15-21. The MPT group received 0.3 mg/kg MPT from PND 1-7, 0.6
mg/kg MPT from PND 8-14 and 0.9 mg/kg MPT from PND 15-21. Rats were
sacrificed at PND 21. Dopamine levels were measured in the striatum and nucleus
accumbens using HPLC with electrochemical detection and gene expression in the
substantia nigra was measured with quantitative PCR. Both CPS and MPT treatment caused a significant alteration in the ratio of α7 to α6 nicotinic acetylcholine
receptor subunit expression in the substantia nigra. In the nucleus accumbens,
MPT treatment significantly elevated dopamine and its metabolites 3,4-dihydroxyphenylacetic acid (DOPAC) and homovanillic acid (HVA) while CPS had no effect on these levels. In the striatum, CPS and MPT treatment resulted in a trend to-

ward elevated levels of dopamine, and DOPAC, with a statistically significant elevation in HVA levels. These data demonstrate that chronic, developmental inhibition of acetylcholinesterase can have a significant effect on dopamine neuron function and gene expression and that the mesolimbic dopamine system may be more
sensitive to OP than the nigrostriatal system. (Supported by NIH R01 ES10386
and NIH P20RR17661)
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EFFECTS OF REPEATED POSTNATAL EXPOSURE TO
CHLORPYRIFOS AND METHYL PARATHION ON BDNF
LEVELS IN THE CORTEX AND HIPPOCAMPUS

A. M. Betancourt and R. L. Carr. Center for Environmental Health Sciences,
Mississippi State University, MS State, MS.
Chlorpyrifos (CPS) and methyl parathion (MPS) exposure results in the inhibition
of acetylcholinesterase (AChE) leading to increased neuronal activity. Neuronal activity normally regulates critical genes involved in brain development such as brain
derived neurotrophic factor (BDNF) which is important in the development of
cholinergic neurons that project into the hippocampus and neocortex. AChE inhibition could induce abnormal patterns of neuronal activity and alter BDNF levels
possibly disrupting the development of projecting neurons. From postnatal days
10-20, rat pups were orally administered daily either CPS (4.0 or 6.0 mg/kg), MPS
(0.6 or 0.9 mg/kg), or the safflower oil vehicle and cortical and hippocampal
BDNF levels were measured. Body weight was significantly lower with both
dosages of CPS but not with MPS. On PND12, using high dosages only, no effects
on cortex BDNF levels were observed but hippocampal BDNF levels were increased by 10 and 12% by MPS and CPS, respectively. On PND20, using low and
high dosages, cortex BNDF levels were significantly increased by 14 and 22% with
the two CPS dosages with only a slight increase with the high MPS dosage.
Hippocampal BDNF levels were increased by 22 and 27% with the two CPS
dosages and 17 and 32% with the two MPS dosages. On PND28, cortex BDNF
levels were only decreased 6% with the low dosages of CPS and MPS but significantly decreased by 10-13% with the high dosages. Hippocampal BDNF levels
were significantly decreased by 19-23% with all dosages. These results indicate OP
exposure increases BDNF levels during the exposure period possibly due to OP-induced cellular excitation. However, deficits in BDNF levels only appear in the periods following cessation of exposure. Regional differences in the effects of OP exposure were evident with greater effects observed in the hippocampus. Supported by
NIH 1 P20 RR17661-01.
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EFFECTS OF THE ORGANOPHOSPHOROUS
INSECTICIDES CHLORPYRIFOS AND METHYL
PARATHION ON MUSCARINIC ACETYLCHOLINE
RECEPTOR BINDING IN BRAIN REGIONS OF
POSTNATALLY TREATED RATS

S. X. Guo-Ross, R. L. Carr and J. E. Chambers. Center for Environmental Health
Sciences, Mississippi State University, Mississippi State, MS.
Muscarinic acetylcholine receptor (mAChR) binding assays were conducted in different brain regions at various time points during postnatal treatment of rats with
either chlorpyrifos (CPS) or methyl parathion (MPS). Animals were orally gavaged
in an incremental dosing regimen with low (1 mg/kg; 0.2 mg/kg), medium (1-4
mg/kg; 0.2-0.6 mg/kg), and high (1.5-6 mg/kg; 0.3-0.9 mg/kg) dosages of CPS
and MPS, respectively. The ligands [3H]QNB, [3H]pirenzepine, [3H]AF-DX 384,
and [3H]4-DAMP were used to measure the maximal binding (Bmax) of total
mAChR, M1, M2/M4, and M3 subtypes, respectively, in cerebral cortex (CC), corpus striatum (CS), hippocampus (HC), and medulla/pons (MO). At postnatal day
(PND) 12, M3 subtype receptor binding in the MO was decreased 10-20% in both
the CPS and MPS high dose groups. In the CC and HC, both the high CPS and
MPS dose groups showed a similar trend of reduction of total and specific subtype
binding. At PND 17, in the CC, M2/M4 subtype binding was reduced 20-30% in
the high dose groups of CPS and MPS. In the CS, M2/M4 levels were reduced
~20% in the medium CPS and the high MPS dose groups; M3 density had a ~30%
reduction in the high MPS dose group; and total receptor binding was reduced in
the medium and high CPS dose groups. In the HC, total receptor binding was decreased ~20% in the high CPS dose group, while in the MO, M3 receptor levels
were reduced 30-40% and total receptor binding was decreased 10-20% in both
the CPS and MPS high dose groups. At PND 20, a 10-35% reduction in binding
was observed for all four ligands in the CC, CS and HC, while M2/M4, M3, and
total mAChR densities were decreased 10-20% in the MO. Overall, dose-dependent effects of chlorpyrifos and methyl parathion on mAChR binding were most evident in rats at PND 20, while the lowest magnitude of changes were observed in
rats at PND 12. (Supported by NIH R01 ES 10386).
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EFFECTS OF REPEATED POSTNATAL EXPOSURE TO
CHLORPYRIFOS OR METHYL PARATHION IN THE
ELEVATED PLUS-MAZE MODEL OF ANXIETY

F. O. Johnson, J. E. Chambers and R. L. Carr. Center For Environmental Health
Sciences, Mississippi State University, Starkville, MS.
A plethora of children and adults are afflicted with anxiety and anxiety related maladies causing some scientist to postulate that exposure to organophosphorus (OP)
insecticides might be related to this disorder. The current study investigated the effects of repeated early postnatal exposure to chlorpyrifos (CPS) or methyl parathion
(MPS) on fear/anxiety related disorders using the elevated plus-maze (EPM) model.
Using an incremental dosing regimen that shows no overt signs of toxicity, rats were
orally gavaged daily with either corn oil, CPS, or MPS from postnatal day 1
(PND1) -PND21. Hippocampal cholinesterase activity was significantly decreased
in both sexes on PND35, with the two higher CPS dosages and all three dosages of
MPS. Effects on anxiety were determined on PND35 and PND70 using the elevated plus-maze and effects on passive avoidance were determined on PND110
using the “light-dark box” (L-D). Anti-anxiety (fearless) behavior in rats is accepted
as increased open arm exploration. On PND35 both MPS and CPS significantly
increased the percent entry into and percent time spent in open arms in both males
and females. On PND70, treatment effects on anxiety related behavior were greater
in males with limited effects in females. CPS preferentially affected passive avoidance behavior with decreased retention with all dosages of CPS in males and the
highest dosage of CPS and lowest dosage of MPS in females. These data suggest
that early postnatal exposure to OP insecticides can modulate fearless behavior and
impair avoidance learning in a gender-related manner that persists well beyond cessation of exposure. Supported by NIH R01 ES 10386.
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MODULATION OF LOW-LEVEL ORGANOPHOSPHATE
TOXICITY BY HUMAN PON1, AS ASSESSED BY
MICROARRAY ANALYSIS

T. B. Cole1, 2, 3, C. Pettan-Brewer1, 3, A. Forbes2, S. Proll4, J. Furlong4, L. G.
Costa2 and C. E. Furlong1, 3, 2. 1Medicine, Division of Medical Genetics, University
of Washington, Seattle, WA, 2Environmental and Occupational Health Sciences,
University of Washington, Seattle, WA, 3Genome Sciences, University of Washington,
Seattle, WA and 4Microbiology, University of Washington, Seattle, WA.
Individuals carrying the Q192 allele of paraoxonase (PON1) are predicted to be
more sensitive than those carrying the R192 allele to the effects of acute chlorpyrifos exposure, especially if combined with lower plasma levels of PON1. Here we
describe the effects of chronic developmental exposure to chlorpyrifos oxon (CPO)
on gene expression in the brain of transgenic mice, and how these effects are modulated differentially by the two human PON1192 alloforms. PON1 levels are particularly low during early postnatal development. To assess the impact of genetic
variability in the PON1 gene on the developmental neurotoxicity of CPO, mice expressing human PON1Q192 or PON1R192 were exposed chronically from PN421 to low levels (0.15, 0.18, 0.25 mg/kg/d) of CPO, followed by toxicity assessment using histopathology, ChE inhibition, behavior, and gene expression analysis.
Acutely, these doses resulted in 5, 10, and 20% inhibition of brain ChE at PN4,
and no measurable inhibition of brain ChE at PN21. Individual or pooled RNA
samples extracted from the neocortex at PN22 were labeled and hybridized to
Agilent and/or Affymetrix Whole Mouse Genome microarrays. Functional analysis
revealed gene expression changes in several categories of nervous system development and function, as well as in oxidative stress and apoptosis pathways. Consistent
with their increased sensitivity to neocortical histopathology following chronic
CPO exposure, mice expressing the hPON1Q192 alloform showed more changes
in gene expression in the neocortex than did the mice expressing hPON1R192.
These studies indicated that the hPON1R192 alloform provides greater protection
than the hPON1Q192 alloform against the toxic effects of chronic, low-level CPO
exposure. Supported by ES11387, ES09601/EPA-R826886, ES09883, ES04696,
ES07033.
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PERSISTENT NEUROBEHAVIORAL DEFICITS AND
NEUROPATHOLOGICAL ALTERATIONS IN THE
CEREBELLUM OF ADULT OFFSPRING FOLLOWING
MATERNAL EXPOSURE TO NICOTINE AND
CHLORPYRIFOS ALONE AND IN COMBINATION

M. B. Abou-Donia, A. Abdel-Rahman, A. Dechkovskaia, L. B. Goldstein, S.
Bullman and W. Khan. Pharmacology and Cancer Biology, Duke University Medical
Center, Durham, NC.
Female Sprague-Dawley rats (300-350g) with timed-pregnanacy were treated with
nicotine (3.3 mg/kg, in bacteriostatic water via s.c. implantation of miniosmotic
pump), chlorpyrifos(CPF)(1mg/kg, daily, dermal in ethanol) or a combination of
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nicotine and CPF on gestational days(GD)4-20.Control rats were treated with bacteriostatic water and ethanol.Adult offspring on PND 90 were evaluated for neurobehavioral, biochemical and pathological alterations.Beam-walk time, incline
plane and forepaw grip showed significant impairments in both male and female
offspring from mothers treated with nicotine, CPF, alone and in combination.
Male offspring showed a greater deficit in beam-walk time than the female offspring. Female offspring from mothers treated with a combination of nicotine and
CPF showed a significant increase in plasma butyrylcholinesterase activity. Brain regional acetylcholinesterase activity showed differential changes in male and female
offspring.Cresyl violet staining showed a significant decrease of surviving Purkinje
neurons in the cerebellum.An increase of glial acidic fibrillary protein (GFAP) immuno-staining was observed in cerebellum white matter as well as granular cell
layer in the offspring from mothers treated with nicotine or CPF, alone and in combination. These data suggest that maternal exposure to nicotine and CPF, alone and
in combination produced signifcant neurobehavioral deficits, decrteased surviving
neurons and an increased expression of GFAP in adult offspring cerebellum.
Supported, in part by a grant from US EPA, grant#R829399-01-0.
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EFFECTS OF GESTATIONAL TCDD EXPOSURE ON
NMDA/AMPA-DEPENDENT SINGLE CELL RESPONSES
IN ADULT RAT SENSORY CORTEX

D. B. Hood1, L. Woods2, S. Johnson1 and F. F. Ebner2. 1Department of
Biomedical Sciences, Division of Neurobiology and Neurotoxicology, Center for
Molecular and Behavioral Neuroscience, Meharry Medical College, Nashville, TN
and 2Department of Psychology, Vanderbilt University, Nashville, TN.
Gestational exposure to environmental contaminants such as TCDD pose a significant threat to normal growth and differentiation processes in the developing brain.
To characterize the impact of gestational TCDD exposure on cortical function,
pregnant Long Evans rats were exposed to a single oral dose of TCDD (700 ng/kg
BW) on GD15. When the F1 generation animals reached maturity, neuronal activity was recorded from neurons in the whisker representation of SI (barrel) cortex.
Spontaneous activity of cortical neurons in TCDD exposed animals was reduced by
50% when compared to controls. Gestational TCDD exposure had the greatest effect on the short latency component of the cortical cell response following stimulation of the principal whisker. To mechanistically ascertain the basis of TCDD induced S1 cortex plasticity perturbations, total RNA from F1 animals was analyzed
to determine mRNA profiles for molecules that are important for S1 cortex plasticity. Ionotropic glutamate receptor subunits were profiled for developmental expression levels in F1 control and TCDD exposed rats using semi-quantitative PCR
analysis. The results of the PCR studies revealed a significant down-regulation in
the developmental expression of the NR2B subunit of the NMDA receptor as well
as in the constitutive expression of S1 barrel field cortex GluR1 subunit of the
AMPA receptor as assayed on PND240. The results suggest that gestational TCDD
exposure results in plasticity deficits mediated through down-regulation of developmental glutamate receptor subunit expression and function at a time when excitatory synapses are being formed for the first time in the cerebral cortex. The results
predict that F1 generation TCDD exposed animals will present with deficiencies in
S1 cortex dependent behavioral tasks that will be present throughout life.
(Supported by NS41071)
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PRENATAL DIOXIN EXPOSURE DISRUPTS COCHLEAR
FUNCTION IN MICE

T. M. Safe1, L. A. Opanashuk2 and A. E. Luebke1, 3. 1Biomedical Engineering,
University of Rochester Medical Center, Rochester, NY, 2Environmental Medicine,
University of Rochester Medical Center, Rochester, NY and 3Neurobiology & Anatomy,
University of Rochester Medical Center, Rochester, NY.
2,3,7,8-tetrachorodibenzo-p-dioxin (TCDD) is a ubiquitous and persistent environmental contaminant known to exert developmental toxicity in many species. A
recent study suggested that hexachlorobenzene, a dioxin-like compound, interfered
with auditory function in adult rats following exposure. However, the effects of developmental exposure to dioxin have not been characterized. This study tested the
hypothesis that TCDD exposure during a critical period of cochlear development
disrupts auditory system differentiation and function. Cochlear function was analyzed in offsping from C57B6 dams that were exposed to 500 ng/kg TCDD or
olive oil (vehicle) on embryonic day 12 by measuring 1) auditory brainstem response (ABRs ) to tone pips at 6 log-spaced frequencies from 5.6 to 30 kHz, and 2)
distortion-product otoacoustic emissions (DPOAEs) evoked by primaries with f2 at
the same 6 frequency values. Cochlear function was assessed at 1.5 months of age in
4 experimental groups that included: (1) vehicle-exposed male mice (2) vehicle-exposed female mice (3) TCDD-exposed male mice (4) TCDD-exposed female mice.
Cochlear threshold sensitivity was significantly increased by prenatal dioxin exposure as measured by 1) visual inspection of ABR waveforms obtained at 10 dB level
increments and 2) DPOAE iso-response contours interpolated from amplitude-vs-
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level functions. Prenatally-exposed male mice had elevated ABR/DPOAE thresholds at all frequencies, whereas prenatally-exposed female mice had elevated thresholds for frequencies > 16 kHz. These observations are consistent with previous
studies indicating that gestational TCDD exposure produces neurotoxicity in a sexually dimorphic manner. Moreover, this study provides functional evidence that
supports a cochlear site of damage in hearing loss following prenatal TCDD exposure. This research was supported by NIH grants RO1003086, R21ES013512,
P30ES01247, and T32 ES07026.
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DEVELOPMENTAL EXPOSURE TO AROCLOR 1254
IMPAIRS DENDRITIC PLASTICITY AND FUNCTIONAL
EXPRESSION OF RYANODINE RECEPTORS IN
WEANLING RATS

D. Yang1, K. Kim2, A. Phimister2, I. Pessah2 and P. Lein1. 1Center for Research on
Occupational and Environmental Toxicology, Oregon Health & Science University,
Portland, OR and 2Department of VM: Molecular Biosciences and Center for
Childrens Environmental Health, University of California at Davis, Davis, CA.
Perinatal exposure to polychlorinated biphenyls (PCBs) is linked to cognitive
deficits in humans and experimental animals. However, the mechanism(s) underlying this effect remain speculative. Dendritic morphology is a critical determinant of
neuronal connectivity, and perturbations of normal spatiotemporal patterns of dendritic growth or impaired dendritic plasticity are associated with behavioral deficits.
We tested the hypothesis that developmental exposure to PCBs causes behavioral
deficits by disrupting normal patterns of dendritic growth and plasticity. Rats were
exposed to environmentally relevant levels of the commercial PCB mixture Aroclor
1254 in the maternal diet at 1 or 6 mg/kg/d throughout gestation and lactation.
Both doses of Aroclor 1254 increased basal levels of dendritic growth and inhibited
activity-dependent dendritic plasticity in cortical pyramidal neurons and cerebellar
Purkinje cells of weanling (P31) rats; however, the effects were more pronounced in
the 1 mg/kg/d treatment group. Behavioral tests using the Morris water maze indicated deficits in spatial learning and memory in the 1 mg/kg/d, but not the 6
mg/kg/d treatment group. One of the more sensitive biochemical effects of PCBs is
ryanodine receptor (RyR) activation. These receptors have also been implicated in
activity-dependent dendritic growth and plasticity. Developmental exposure to
Aroclor 1254 increased basal levels of RyR expression, but inhibited activity-induced RyR upregulation in a non-monotonic fashion. These data suggest that
PCBs alter behavioral functions by disrupting dendritic growth and plasticity via
effects on RyRs.
This work supported by grants from NICHD (HD 40936 to PJL; HD 12345 to
INP) and NIEHS (1PO1 ES11269 to INP).
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EFFECTS OF PERINATAL EXPOSURE TO LOW DOSES
OF PCB 153 ON THE BRAIN NEUROTRANSMITTERS
OF FEMALE OFFSPRING AND MATERNAL RATS

T. Honma1, 3, M. Miyagawa1, R. Wang2, M. Suda3 and K. Kobayashi3.
1
Department . of Research Planning, National Institute of Industrial Health,
Kawasaki, Japan, 2Department . of Hazard Assessment, National Institute of
Industrial Health, Kawasaki, Japan and 3Department . of Health Effect Research,
National Institute of Industrial Health, Kawasaki, Japan. Sponsor: M. Chiba.
According to some previous studies, the exposure to PCB mixtures at perinatal period affects the development of the central nervous system both in humans and animals. This study was performed to investigate the effects of in utero exposure to
PCB 153 (2,2’,4,4’,5,5’-hexachlorobiphenyl) on hormonal and neurobehavioral
development in the offspring of rats. PCB 153 is a non-planner congener and its
body concentration is relatively high. Pregnant CD (SD) IGS rats were given PCB
153 (0, 1, 4 mg/kg/day) orally on Gestation Day 10 (GD 10) to Day 16 (GD 16).
Offspring rats were examined at different weeks of age regarding the effects of PCB
153 on (1) endocrine system (thyroid and testis), (2) brain neuroactive substances,
and (3) cognitive functions (learning and memory). In this paper, we described the
effects of PCB 153 on the brain contents of neuroactive monoamines and amino
acids of the offspring. PCB exposure did not produce any significant effects on the
body weights of dams during gestation and lactation. No dose-dependent changes
in body weight, body length, and organ weights in offspring were observed. 3Methoxy-4-hydroxy-phenylglycol (MHPG) concentrations in the whole brain
showed a tendency to decrease in female offspring on the Post Natal Day (PND) 7
in a dose dependent manner. Brain contents of serotonin (5HT) and 5-hydroxyindoleacetic acid (5HIAA) decreased in the frontal cortex of female offspring on
PND 42. Dopamine (DA) and its metabolites, 3, 4-dihydroxyphenylacetic acid
(DOPAC) and homovanillic acid (HVA), increased in some small areas of the brain
on PND 63. No changes were observed in amino acid contents of the brain of
PCB-treated groups. These results suggest that exposure to PCB 153 at 1 to 4
mg/kg/day at the early stage of life have induced changes in the activity of DA and
5HT neurons in the brain.
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NANOMOLAR PCB 95 ALTERS IN VITRO
NEUROPLASTICITY IN THE RAT HIPPOCAMPAL SLICE
PREPARATION AND LACTATIONAL EXPOSURE IN
VIVO ENHANCES SEIZURE SUSCEPTIBILITY

K. Kim1, S. Y. Inan2, R. F. Berman2 and I. N. Pessah1. 1Center for Children s
Environmental Health, Department . of Molecular Biosciences: VM, U.C. Davis,
Davis, CA and 2Department of Neurological Surgery, UC Davis, Davis, CA.
Several epidemiological studies indicate that exposure to PCBs during pre- and
post-natal development can impair cognitive and behavioral functions in children.
Environmental analyses have shown that it is the more lightly chlorinated noncoplanar PCBs that persist in environmental samples. In this current study, PCB 95
(2,2’3,5’6-pentachlorobiphenyl) was tested for its ability to alter synaptic transmission in the hippocampal slice preparation. Field excitatory postsynaptic potentials
(fEPSP) were evoked by single pulse stimulation of Schaffer Collateral/commissural
fibers at striatum radiatum of the CA1 region, hippocampal slice. Perfusion of 10
nM PCB 95 in ACSF produced increased the fEPSP slope in a time-dependent
manner, reaching 200% of baseline (P<0.01) with waveforms exhibiting prominent
after potentials. We investigated whether PCB 95 alters seizure threshold in vivo
using two models; flurothyl (bis-2,2,2-triflurothyl ether) induced seizures and
pentylenetetrazole(PTZ)- induced kindling. Lactating dams were exposed to PCB
95 (oral 1 mg/kg/day) between PND 0 and PND21. Offspring were tested for
onset time for myoclonic jerk and tonic-clonic seizure in response to flurothyl application (20 µl/min) to the test chamber. Onset time of myoclonic jerk was significantly shorter (p<0.05) in PCB95 exposed animals. PTZ (30 mg/kg, i.p. every 48
hrs) and rats were scored according to their seizure response (0~5) for 30 min after
PTZ challenge. Animals exposed to PCB 95 kindled significantly faster than control the group (P<0.05 on day 5). These results provide evidence that lactational exposure to non-coplanar PCB can significantly alter seizure thresholds and may have
significance in seizure-prone children.

alone and in combination, on neurobehavioral development in rats. Dams were
treated from gestational day 7 to postnatal day (PND) 21. Animals were tested for:
attention deficits (sudden silent test, PND40); locomotor activity (open field test,
PND30, 110, 210); spatial learning (water maze, PND75); coordination and balance (rotarod test, PND90); object discrimination (novel object test, PND80);
anxiety (elevated plus maze test, PND100); conditioned learning (passive avoidance, PND110). Parameters related to pregnancy, birth, and physical development
did not differ among groups. No significant effects were seen in attention, coordination and balance, object discrimination, and conditioned learning. MeHg male
rats appeared to perform better than other groups in spatial learning. The response
to novelty in the open field did not differ among groups at PND30, but at
PND110 and PND210, PCB126 male rats showed a higher spontaneous activity.
In female PCB and PCB-MeHg rats an increase in locomotor activity was evident
only at PND210. An increase in motor activity was also found in PCB126 male
and in PCB-MeHg female rats in the elevated plus maze test. The results indicate
that exposure to PCB126 and MeHg did not cause significant additive/synergistic
effects. PCB126 caused an increase of spontaneous motor activity, in both sexes and
in an age-dependent manner, which was not accompanied by alterations in attention, spatial memory or anxiety. This behavioural profile is similar to the Attention
Deficit Hyperactivity Disorder with Predominantly Hyperactive-Impulsive Type
classification (Supp. by DEVNERTOX-FOOD-CT-2003-506143).
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ENHANCED DEVELOPMENTAL NEUROBEHAVIORAL
DEFECTS IN MICE NEONATALLY CO-EXPOSED TO AN
ORHTO-SUBSTITUTED PCB (PCB 153), CO-PLANAR
PCB (PCB 126), OR A BROMINATED FLAME
RETARDANT (PBDE 99) IN ADDITION TO
METHYLMERCURY

C. Fischer, A. Fredriksson and P. Eriksson. Department of Environmental
Toxicology, Uppsala University, Uppsala, Sweden.
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AUDITORY IMPAIRMENTS IN RATS EXPOSED TO PCBS
DURING DEVELOPMENT

B. E. Powers1, J. J. Widholm2, R. E. Lasky3, D. M. Gooler1 and S. L. Schantz1.
1
Neuroscience, University of Illinois @ University of-C, Urbana, IL, 2Psychology,
College of Charleston, Charleston, SC and 3Health Science Center, University of Texas,
Houston, TX.
It has been reported that developmental exposure to PCBs can result in hearing impairments. A cochlear site of action is supported by research from our laboratory,
showing compromised mechanical integrity of the cochlea via measurement of distortion product otoacoustic emissions (DPOAEs). In the current study, we utilized
a unique PCB mixture, which was formulated to model the congener profile of
PCBs found in fish consumed by a human cohort we are studying in northeastern
Wisconsin. The goal is to determine whether developmental exposure to PCBs
through maternal consumption of contaminated fish can induce auditory impairments. Female Long-Evans rats were dosed orally with PCBs beginning 28 days
prior to breeding and continuing until pups were weaned. Dams were fed one-half
of a cookie onto which was pipetted 0, 1, 3, or 6 mg/kg of the PCB mixture dissolved in corn oil vehicle. On PND 21 pups were weaned and one male and one female from each litter were randomly selected for auditory assessment. At approximately 100 days of age auditory brainstem responses (ABRs) were recorded while
rats were under sedation. ABR peak amplitudes and latencies, as well as ABR
thresholds were determined following presentations of 1.5, 3, 6, 12, 24, and 48
kHz tones. Following ABR testing, the rats were trained on an auditory discrimination task in operant testing chambers. Behavioral thresholds were determined for 1,
2, 4, 8, and 16 kHz tones. PCB exposed rats demonstrated elevated ABR thresholds
in comparison to control rats. ABR peak amplitudes and latencies were unaffected
by PCB exposure. Behavioral thresholds were elevated in PCB exposed rats, but the
differences were not statistically significant due to the small sample size. Our future
studies will use similar methodologies to assess auditory function in newborn infants born to women consuming contaminated fish.
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BEHAVIORAL EFFECTS OF PERINATAL EXPOSURE TO
PCB126 AND METHYL MERCURY, ALONE AND IN
ASSOCIATION

A. Vitalone1, A. Catalani2, V. Chiodi2, C. Cinque2, V. Fattori1, A. Giacomi2, P.
Matteucci2, A. Zuena2 and L. Costa3, 4. 1University of Bari, Bari, Italy, 2University
of Rome “La Sapienza”, Rome, Italy, 3University of Washington, Seattle, WA and
4
University of Parma, Parma, Italy.
Epidemiological and laboratory studies suggest that polychlorinated biphenyls
(PCBs) and methyl mercury (MeHg) may have additive or synergistic effects on
CNS function. Aim of this study was to characterize the effects of MeHg (0.5
mg/kg/day in drinking water) and PCB126 (100 ng/kg/day in food) exposure,

Epidemiological studies have shown a discrepancy between children in the Faroese
Islands and children in the Seychelles Islands in relation to neuropsychological defects during early development. Both populations have a high consumption of
MeHg contaminated fish with the exception that in the Faroese Islands the children
were exposed to PCBs via the mother’s dietary consumption of whale meat and
blubber in adjunction to MeHg. A primary route for contaminate exposure to children is through mother’s milk. Another group of contaminants with rising levels
both in milk and in our environment are polybrominated diphenyl ethers (PBDEs)
a group of brominated flame retardants.
We have shown in previous studies that certain persistent environmental toxicants
like PCBs, DDT and PBDEs, can induce permanent developmental neurotoxic effects in mice, when these are agents are present during a critical period of the
neonatal brain development. We have now investigated whether PCBs together
with MeHg, and PBDE together with MeHg can interact to enhance developmental neurotoxic effects on spontaneous behavior, habituation, and learning and
memory. Neonatal NMRI male mice, 10 days of age, were exposed to a single oral
dose PCB 153, PCB 126 or PBDE 99 (0.14 – 1.4 µmol/kg bw), MeHg (0.08, 040,
or 4.0 mg/kg bw), co-exposed to PCB and MeHg, PBDE 99 and MeHg or a vehicle (20% fat emulsion). Spontaneous behaviour and learning and memory in
Morris water maze were studied in 4-month-old mice.
The study shows that co-exposure to PCB 153 + MeHg, PCB 126 + MeHg, and
PBDE 99 + MeHg, at low doses can interact and significantly enhance developmental neurotoxic effects, manifested as disrupted spontaneous behaviour, lack of
habituation, and impaired learning and memory functions.

1456

DECABROMINATED DIPHENYL ETHER (PBDE 209)
INDUCES NEUROTOXIC EFFECTS IN THE NEONATAL
AND ADULT MOUSE AFTER NEONATAL EXPOSURE

H. Viberg1, N. Johansson1, A. Fredriksson1, J. Eriksson2 and P. Eriksson1.
1
Department of Environmental Toxicology, Uppsala University, Uppsala, Sweden and
2
Department of Environmental Chemistry, Stockholm University, Stockholm, Sweden.
Polybrominated diphenyl ethers (PBDEs) are used in large quantities as flame-retardants. In Europe the low-brominated PBDEs have been banned and only the
fully brominated PBDE 209, 2,2’,3,3’,4,4’,5,5’,6,6’-decaBDE, is still in use. Due
to improved analyzing techniques there are reports of increasing PBDE 209 levels
in biota and humans and presence in human mother’s milk. In a recent study we
have seen that neonatal exposure to PBDE 209 can cause permanent aberrations in
spontaneous behaviour and habituation, effects that also worsen with age. Our data
suggest that the developmental neurobehavioural effects of PBDE 209 were induced when metabolites of PBDE 209 were present during a critical phase of
neonatal brain development. In view of our earlier results and the increasing exposure to PBDE 209 the present study was undertaken to investigate 1) neurochemical changes in the neonatal brain and 2) dose-response effects on adult spontaneous

SOT 2006 ANNUAL MEETING

297

behaviour. Neonatal mice, exposed to PBDE 209 (20.1 mg/kg bw.) on postnatal
day (PND) 3, were sacrificed 24 h or 7 days post-treatment and neurochemical
changes were studied in different brain regions. Another group of mice were exposed to PBDE 209 (1.34, 2.22, 13.4 or 20.1 mg/kg bw.) on PND 3, in order to
study adult spontaneous behaviour. Animals exposed to PBDE 209 on PND 3
showed significantly decreased levels of BDNF in hippocampus 7 days post-treatment (around PND 10), but not 24 h post-treatment. This supports earlier findings
indicating metabolism of PBDE 209 to neurotoxic metabolites. Adult mice exposed
to the different doses of PBDE 209 on day 3 showed significantly impaired spontaneous motor behaviour, an impairment that was dose-dependent. In conclusion,
PBDE 209 can affect the hippocampal concentration of BDNF, a molecule important for synaptogenesis during the brain development. In addition, neonatal exposure to PBDE 209 induces dose-dependent behavioural disturbances in adult mice.
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ALTERED SYNAPTIC PLASTICITY IN C57BL/6 MICE
AFTER NEONATAL EXPOSURE TO BDE-47
M. Dingemans1, G. Ramakers2, R. Westerink1, M. van den Berg1 and H.
Vijverberg1. 1Institute for Risk Assessment Sciences, Utrecht University, Utrecht,
Netherlands and 2Rudolf Magnus Institute of Neuroscience, University Medical Center
Utrecht, Utrecht, Netherlands.
Brominated diphenyl ethers, like BDE-47, are used as flame retardants in electronic
equipment and textiles. They have been demonstrated to have effects on spontaneous behaviour, learning and memory in mice (Eriksson et al, 2001, EHP 109:9).
To gain more insight in the underlying mechanisms of these effects mice were exposed to BDE-47 and hippocampal long-term potentiation (LTP) and paired-pulse
facilitation (PPF) were measured ex vivo. Male C57Bl/6 mice received a single oral
dose of 0, 6.8 or 68 mg/kg bodyweight BDE-47 in a 20% fat emulsion vehicle on
PND10. On PND17-19 (after the brain growth spurt), animals were sacrificed and
brains were processed on ice to obtain hippocampal slices for recording of field extracellular postsynaptic potentials (fEPSPs). fEPSPs, evoked by electrical stimulation of the Schaffer collaterals at the CA1-CA3 border, were recorded in the CA1
region of the hippocampus at 37°C using a glass microelectrode. The relative increase of the initial slope of the EPSP was used to quantify the degree of LTP induced by a single 100 Hz tetanic stimulation of 1 s. The data demonstrate that PPF
is unaffected in BDE-exposed mice, indicating the absence of major presynaptic effects. The initial experiments also reveal that LTP is reduced after BDE-exposure.
Further substantiation of these effects is ongoing. The present results indicate that
exposure of mice to brominated diphenyl ethers during brain development can result in adverse effects on hippocampal long-term synaptic plasticity in mice, which
may be associated with the reported effects on behaviour, learning and memory.
Acknowledgement: The authors thank professor Åke Bergman (Dept. of
Environmental Chemistry, Stockholm university – Sweden) for the generous donation of the brominated flame retardant.
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NEONATAL EXPOSURE TO PERFLUOROOCTANE
SULFONATE (PFOS) AND PERFLUOROOCTANOIC
ACID (PFOA) CAUSE DERANGED BEHAVIOUR AND
INCREASED SUSCEPTIBILITY OF THE CHOLINERGIC
SYSTEM IN ADULT MICE
N. Johansson, A. Fredriksson and P. Eriksson. Department of Environmental
Toxicology, Uppsala University, Uppsala, Sweden.
Perfluorinated compounds (PFC) have been identified as an emerging class of persistent environmental contaminants, and found in wildlife and humans. PFC is
used in materials such as wetting agents, lubricants, corrosion inhibitors, stain resistant treatments for leather, paper, and clothing, and in foam fire extinguishers.
We have earlier reported that certain persistent environmental toxicants like PCBs,
DDT and PBDEs, can induce permanent developmental neurotoxic effects in
mice, when present during a critical period of the neonatal brain development.
The present study has shown that PFOS and PFOA can induce developmental neurotoxic effects. Neontatal NMRI male mice were given one single oral dose of either
PFOS (perfluorooctanesulfonic acid; 0.75 or 11.3 mg/kg bw), PFOA (perfluorooctanoic acid; 0.58 or 8.70 mg/kg bw), or PFDA (perfluorodecanoic acid; 0.72 or
10.8 mg/kg bw). The two doses are equal to 1.4 or 21 µmol/kg bw, doses used in
our earlier studies regarding developmental neurotoxicity of PCBs and PBDEs.
Controls received a vehicle (20% fat emulsion). Defects in spontaneous behaviour
(locomotion, rearing and total activity) was observed in 2- and 4-month-old mice
exposed neonatally to 1.4 or 21 µmol/kg bw PFOS, and PFOA. This test also revealed lack of habituation in those animals, an effect that worsened with age. A
nicotine-induced behaviour test revealed a hypoactive response to nicotine in
PFOS exposed mice (21 µmol/kg bw) and in PFOA exposed mice (1.4 and 21
µmol/kg bw), indicating that the developing cholinergic system can be affected by
PFOS and PFOA. Adult mice were also subjected to performance in an elevated
plus-maze, but no significant changes were observed. The observed developmental
neurotoxic effects are similar to those we earlier have reported for PBDEs, and certain PCBs. This indicate that PFOS and PFOA can be included in the group of persistent organic pollutants causing developmental neurotoxic effects.
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EFFECTS OF CHRONIC, LOW-DOSE ACRYLAMIDE
TREATMENT ON SPATIAL LEARNING AND
NEURODEVELOPMENT IN FISCHER 344 RATS
J. Garey, S. A. Ferguson and M. G. Paule. Neurotoxicology, National Center for
Toxicological Research/FDA, Jefferson, AR.
Renewed interest in the neurotoxic effects of acrylamide (ACR) has resulted from
the discovery that it exists in human foodstuffs; i.e., certain carbohydrate-containing foods cooked at high temperatures. This study examined the effects of relatively
low doses of ACR, when provided chronically to rats beginning in utero, on behavior and neurodevelopment. Spatial learning in the Morris water maze as well as
measures of grip strength and landing foot splay were assessed. Plug-positive Fischer
344 rats were gavaged with ACR daily (0, 0.1, 0.3, 1.0 or 5.0 mg/kg/day) beginning on gestation day 6. After parturition, litters (8-10 per treatment group) were
treated with the same dose by direct gavage beginning on postnatal day (PND) 1.
At weaning (PND23), offspring continued to receive the same dose, but treatment
was now provided via the drinking water. On PNDs 157-161, one male and one female per litter were tested in the water maze, a circular stainless steel tank with an
escape platform in a fixed position approximately 1 cm below the water surface.
Each rat was tested for 3 trials per day for 5 consecutive days. There was no main effect of treatment on either learning (decreased latency to locate the platform and
shortened path length to the platform over days of testing) or on swim speed. On
PND179, the same rats were tested for forelimb grip strength and hindlimb landing foot splay. No main effects of treatment were observed on either measure.
However, the foot splay data demonstrated a linear trend, with high-dose rats having wider splay than low-dose rats and the 5.0 mg/kg/day rats having an approximately 11% wider foot splay than the control rats. Thus, in nearly six-month-old
rats, at doses capable of producing what appears to be the onset of hindlimb neuropathies typically seen with ACR toxicity, there is no concomitant effect of ACR
on spatial learning. Supported by ORISE and NTP 224-93-0001.

1460

HYPERACTIVITY INDUCED BY EXPOSURE TO A
PRENATAL GENOTOXIC AGENT, BRDU, ACROSS
RODENT SPECIES, STRAINS AND GENDER
M. Kuwagata1, 2, H. Ohmukai1, T. Ogawa2, S. Shioda2 and T. Nagata1.
1
Toxicology, Hatano Research Institute, Kanagawa, Japan and 2Anatomy I, Showa
University, School of Medicine, Tokyo, Japan.
Open field (OF) test is commonly used to examine locomotion, searching, and
stereotypic behavior under a novel environment in developmental neurotoxicity
(DNT) studies. However, results are easily influenced by test conditions. There are
several problems regarding reliability and reproducibility.
While 5-bromo-2’-deoxyuridine (BrdU), a thymidine analogue has been used as a
marker for proliferating cells, we reported that prenatal BrdU exposure induced hyperactivity in Sprague Dawley (SD) rats. In this study, we examined the reproducibility of BrdU-induced hyperactivity beyond rat strains (SD and Fisher), rodent species (rat and mouse) as well as experimental conditions such as background
noise. BrdU was administered intraperitoneally (ip) to SD and Fisher (F344) rats at
50 mg/kg on gestational day (GD) 9 to 15 (plug day=GD0), and to ICR mice at
100 mg/kg (ip) on GD 8 to 13, respectively. In 5-weeks-old offspring, locomotor
activity was monitored in OF for 3 min. under 45 dB back ground noise. BrdU induced nearly 3-fold level of hyperactivity in F344 as well as SD rats. When the
background noise was increased to 80 dB, locomotor activity was increased in both
BrdU-treated and control groups, indicating that background noise affected locomotion in OF, but the hyperactivity induced by BrdU was not affected by noise. In
mice, locomotion was only increased 1.3-fold by BrdU treatment, but statistical
analysis by Mann-Whitney rank sum test demonstrated a significant difference between BrdU-treated and control groups. There was no gender difference inducing
altered locomotion in OF in either rats or mice. These results demonstrate that hyperactivity induced by prenatal BrdU exposure is reproducible beyond two rat
strains. In mice, BrdU altered locomotion by not only increasing but also decreasing locomotion, so that individual difference should not be neglected. OF test is
commonly used for DNT studies, but we should remain aware of the various factors affecting locomotion.

1461

EVALUATION OF CHANGES IN HIPPOCAMPAL GENE
EXPRESSION ASSOCIATED WITH THE BEHAVIORAL
TOXICITY CAUSED BY CHRONIC DEVELOPMENTAL
KETAMINE OR REMACEMIDE TREATMENT IN RATS
L. K. Wright2, 1, T. A. Patterson1, E. Pearson3, T. G. Hammond3 and M. G.
Paule1, 2. 1Division of Neurotoxicology, National Center for Toxicological Research,
Jefferson, AR, 2Department of Pharmacology and Toxicology, University of Arkansas
for Medical Sciences, Little Rock, AR and 3Safety Assessment, AstraZeneca, Leics,
United Kingdom.
The N-methyl-D-aspartate (NMDA) receptor is vital for central nervous system
(CNS) development and function. Our study has shown that chronic treatment
with either ketamine or remacemide impairs the acquisition and/or performance of

food-reinforced operant behaviors. Ketamine is an anesthetic NMDA receptor antagonist, whereas remacemide is a CNS active compound that acts as both an
NMDA receptor antagonist and a sodium channel antagonist. Beginning on postnatal day (PND) 23 and continuing until PND 257, rats were gavaged daily (7
days/week) with ketamine (100 mg/kg), remacemide (150 mg/kg) or water. Both
ketamine and remacemide disrupted performance of a progressive ratio task
thought to provide metrics of appetitive motivation. In addition, remacemide impaired acquisition of an audio/visual discrimination task that was unaffected by ketamine. To determine if changes in gene expression might be associated with the
behavioral toxicity exhibited by ketamine or remacemide treatment, rats were sacrificed 24 hours after their last treatment on PND 258 and mRNA from the CA1 region of the hippocampus was isolated for microarray analysis. Ketamine effected
few genes (decreased expression of BUB1B, which is involved in spindle checkpoint
function); whereas remacemide increased the expression of several genes involved in
DNA recombination and cell death (e.g., ASNS, CAPNS1, DAG1, LAMA1,
NXPH1 and PARP1) and decreased the expression of AGRP, which has a role in
feeding behavior. These observations suggest important differences in the cellular
response to chronic ketamine or remacemide treatment, some of which may underlie the noted behavioral differences. Supported by a Cooperative Research and
Development Agreement between AstraZeneca and NCTR.

site-directed mutagenesis indicating that the active site of NTE comprised a
ser966-asp960-asp1086 catalytic triad, the modeled active site of NTE was found
to consist of a ser966-asp1086 catalytic dyad. The ser966 Oγ was located 4.19 Å
from the Oδ2 of asp1086, comparable to the 3.8 Å distance between the Oγ of the
catalytic ser77 and asp215 Oδ2 in patatin. Furthermore, the Oδ2 of asp960 (which
site-directed mutagenesis revealed to be important for NTE activity) was 25.2 Å
from ser966 Oγ; too far to play a direct role in catalysis. These results indicate that
the catalytic site of NTE contains a ser-asp dyad, and provides a template that can
guide future research in solving the crystal structure of NTE (Funded by ARO
DAAD19-02-1-0388, MEDC, and NIH ES 07062).
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Diisopropyl phosphorofluoridate (DFP) produces organophosphorus-ester induced neurotoxicity (OPIDN) in the hen and human. We studied the effect of
DFP administration (1.7 mg/kg/s.c) on the expression of β-tubulin subtypes.The
hens were sacrificed at different time points i.e 1,2,5,10 and 20 days. Total RNA
was extracted from the following regions; cerebrum, cerebellum, and brainstem as
well as spinal cord. Northern blots prepared using standard protocols were hybridized with β-subtype probes (Type 1 to type 4: gift from D.W.Cleveland,
University of California, USA). Both β-actin and 18S RNA cDNA (control) probes
were also used. Results indicate differential / spatial/ temporal regulation of expression of β-tubulin sub types 1 to 4. β-tubulin type I specific transcripts (4.1 Kb; 3.8
Kb and 1.8 Kb) behaved differently at different time points in different tissues,
such as brainstem, spinal cord, midbrain,cerebellum and cerebrum. Like wise βtubulin 3 also showed differential expression pattern for different tissues that was
different from β-tubulin subtype 1. Hens treated with DFP for the same dose and
time course were perfused with phosphate buffered paraformaldehyde, and tissue
sections were subjected to immunohistochemistry using tubulin antibodies.
Differential expression and persistence of mRNA of β-tubulin subtypes correlated
well with our histochemical findings, showing increased tubulin staining in the
fragmenting tubules and non-neuronal cells at day 20 post-treatment. Our results
suggest the important role of microtubular pathology in mediating organophosphate induced injury response. Hence, differential expression of β-tubulins is one
of the factors related to delayed degeneration of axons in OPIDN.

MODELING THE CYCLIC NUCLEOTIDE BINDING
DOMAINS OF NEUROPATHY TARGET ESTERASE (NTE)

F. Nasser1, S. J. Wijeyesakere1, J. A. Stuckey2 and R. J. Richardson1. 1Toxicology
Program, University of Michigan, Ann Arbor, MI and 2Life Sciences Institute,
University of Michigan, Ann Arbor, MI.
NTE is an integral membrane protein whose specific chemical modification leads
to axonopathy. The 3D structure of NTE is unknown, but modeling can provide
structural insight and guide x ray studies. Much attention has focused on the esterase domain of NTE, but little work has centered on its putative regulatory domains (cyclic nucleotide domains CNP1, CNP2, and CNP3). To gain understanding of these regions, threading methods were used to model their structures, using
catabolite activator protein (CAP; PDB ID 1cpg) as a template for CNP1, and
CNP binding protein TM1171 (PDB ID 1o5l) as a template for CNP2 and
CNP3. Sequence alignments for CNP1, CNP2, and CNP3 against CAP and
TM1171 were obtained from the INUB server (Buffalo, NY). “O” v10 and PyMol
were used to build models from the sequence alignments. The models were refined
in O and energy minimizations done using GROMOS96 in Swiss-Pdb. Sequence
alignments of CAP against CNP1 gave 16% homology, while alignments of
TM1171 gave homologies of 16% (CNP2) and 18% (CNP3). The energy-minimized CNP1 model showed that it includes a helix-loop-helix motif. Moreover,
CNP1 consists of 4 α-helices and 2 β-sheets, while CNP2 and CNP3 both consist
of 2 α-helices and 6 β-strands. Models of CNP2 and CNP3 showed that both were
similar to the structure of TM1171, except that they lack the fourth helix (H4) of
TM1171. PROFsec analysis of the CNP domains indicated that 66% of CNP1
residues have >16% of their surfaces exposed to solvent, whereas 71% of CNP2
residues and 69% of CNP3 residues have >16% of their surfaces exposed to solvent. Hydropathy analysis revealed that most residues in CNP2 were hydrophobic,
but most residues in CNP1 and CNP3 were hydrophilic. The results show structural homologies between the putative regulatory domains of NTE and known
CNPs, and provide templates to inform future research in solving the crystal structure of NTE. (Funded by ARO DAAD19-02-1-0388, MEDC, and NIH
ES07062).
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MODELING THE PATATIN DOMAIN OF NEUROPATHY
TARGET ESTERASE

S. Wijeyesakere1, F. A. Nasser1, J. A. Stuckey2 and R. J. Richardson1. 1Toxicology
Program, University of Michigan, Ann Arbor, MI and 2Life Sciences Institute,
University of Michigan, Ann Arbor, MI.
Neuropathy target esterase (NTE) is a transmembrane protein of unknown function whose organophosphorylation and aging in neurons lead to distal axonopathy.
Solving the 3D structure of NTE would advance understanding of its pathogenic
and physiologic roles, but its crystallization is an ongoing technical challenge. In
the meantime, modeling can be used to gain structure insight. Previous research
showed that the active site of NTE lies within a patatin homology domain (PNTE).
Threading techniques were used to model the structure of PNTE using the crystal
structure of patatin (PDB ID 1oxw) as a template. Sequence alignments for PNTE
against patatin were obtained from the INUB server (Buffalo, NY). “O” v10 and
PyMol were used to build the PNTE chain from the sequence alignment provided
by INUB. The model was refined in O and energy minimizations done with GROMOS96 in Swiss-PdbViewer. The sequence alignment of PNTE and patatin indicated 18% homology of conserved residues. The overall structure of PNTE contains 7 α-helices and 7 β-strands. Contrary to previous conclusions reached by
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MOLECULAR MECHANISMS IN OPIDN:
DIFFERENTIAL EXPRESSION OF β-TUBULIN
SUBTYPES IN THE CENTRAL NERVOUS SYSTEM OF
HENS TREATED WITH
DIISOPROPYLPHOSPHOROFLUORIDATE (DFP)

T. V. Damodaran1, 2 and M. B. Abou-Donia2. 1Pediatrics, Duke University Medical
Center, Durham, NC, NC and 2Pharmacology and Cancer Biology and Pediatrics,
Duke University Medical Center, Durham, NC.
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PHENYL BENZOATE ESTERASES AND PROMOTION OF
ORGANOPHOSPHATE DELAYED POLYNEUROPATHY
(OPIDP)

A. Nicolli, M. Lotti and A. moretto. Environmental Medicine and Public Health,
Universita’ di Padova, Padova, Italy.
Certain non-neuropathic esterase inhibitors exacerbate chemical or traumatic insults to the axon (promotion). Given the chemical and biochemical characteristics
of these compounds, the hypothesis was made that the target of promotion was a
phenyl valerate esterase (PVE) similar to neuropathy target esterase (NTE), the target of OPIDP axonopathy. However, a PVE selectively inhibited by promoters
could not be identified, perhaps because the target is a minor fraction of total PVE
resistant to Mipafox, an OP used to eliminate irrelevant esterases (NTE & others).
In order to achieve a better specificity, several esters were tested as substrates in the
crude homogenate of the hen peripheral nerve, including alpha-naftyl butyrrate,
alpha-naphtyl propionate, phenyl acetate, alpha-naphtyl acetate, phenyl benzoate
(PB), by a method similar to that for NTE. Homogenate was incubated with the
neuropathic, non-promoter mipafox (up to 0.5 mM, 20 min, pH 8.0) and the classical promoter phenyl methane sulfonyl fluoride (PMSF, 1 mM) was added to inhibit possible target(s) of promotion. When PB was used as substrate, about 80% of
the activity was resistant to mipafox and about 80% of it was sensitive to PMSF
(IC50 of about 0.15 mM) whereas p-toluene sulfonyl fluoride (pTSF), a non-promoter homologue of PMSF, caused only about 20% inhibition at 0.8 mM. The
IC50s of neuropathic di-iso-propyl fluoro phosphate (DFP) and di-n-butyl
dichlorovinyl phosphate (DBDCVP) were 0.02 and 0.002 mM, respectively, about
10 and 100 times higher that that for NTE, suggesting that these compounds will
not inhibit this PB esterase at neuropathic doses in vivo. Limited in vivo data in
hens showed that PMSF (120 mg/kg sc corresponding to a promoting dose) caused
>80% inhibition of mipafox-resistant, PMSF sensitive PB activity, whereas pTSF at
240 mg/kg sc did not. The hypothesis that the target of promotion is an esterase
still holds and the enzyme might be identified using PB as substrate.
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AXONAL DYSTROPHY AND WALLERIAN-LIKE
DEGENERATION. TWO MYELINATED NERVE FIBER
LESIONS OF MULTI-EXPOSURE ORGANOPHOSPHATEINDUCED DELAYED NEUROTOXICITY IN RATS

B. S. Jortner, S. Hancock, J. Hinckley, J. Carter and M. F. Ehrich. Laboratory for
Neurotoxicity Studies, Virginia Tech, Blacksburg, VA.
Axonal dystrophy is a dramatic form of nerve fiber degeneration, manifest by
marked enlargement of affected neurites associated with aggregations of
tubulovesicular elements, mitochondria and dense bodies (Jellinger, 1973). These
lesions are seen in terminal regions of long central nervous system myelinated fibers
in conditions such as aging, vitamin E deficiency, genetic disorders and some intoxications (Jellinger 1973; Ohara et al. 1995). The term Wallerian-like degeneration
is here used to indicate axonopathy progressing to myelinated nerve fiber breakdown in a non-traumatic neuropathic setting. In our study long-term exposure of
rats to organophosphate neurotoxicants elicited both of these nerve fiber lesions.
Long-Evans rats were administered two neurotoxic organophosphates in a setting of
chronic stress over a 63-day period, with sacrifice on days 63 and 90 (after a 27 day
exposure-free interval). The organophosphates were tri-ortho-tolyl phosphate
(TOTP) given in 14 gavage doses of 75, 150 or 300 mg/kg and/or chlorpyrifos in
two 60 mg/kg subcutaneous exposures. Corticosterone was added to the drinking
water at 400 micrograms/ml to model chronic stress. Activity of brain neurotoxic
esterase was diminished in a dose-related fashion by TOTP on days 28 and 63 with
recovery on day 90. The major neuropathologic change was distal gracile fasciculus
and peripheral nerve Wallerian-like myelinated fiber degeneration, with smaller
numbers of associated dystrophic axons (in gracile region only). This was time (days
63 and 90)- and TOTP dose (at 300 and 150 mg/kg levels)-related. A dying-back
pattern was seen with both types of fiber degeneration. In more proximal levels of
the gracile fasciculus the dystrophic fibers often exceeded the Wallerian-like change.
This suggests in this neurotoxic model, there is a dichotomous dying-back rate of
these two axonal lesions, or that axonal dystrophy has a multifocal occurrence along
the fiber. Supported by USAMRMC DAMD17-99-1-9489.
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DELAYED NEUROTOXICITY IN CHICKENS: 90-DAY
STUDY WITH MOBIL JET OIL 254

W. C. Daughtrey1, R. W. Biles1, B. S. Jortner2 and M. F. Ehrich2. 1Toxicology &
Environmental Sciences, ExxonMobil Biomedical Sciences, Annandale, NJ and 2VA
MD Regional College of VET. MED., Virginia Tech, Blacksburg, VA.
Mobil Jet Oil (MJO) 254 is a pentaerythritol-based synthetic lubricant widely used
in a variety of jet engines. Because it contains tricresyl phosphate (TCP) as an antiwear additive, the current study was conducted to assess the potential to cause
organophosphate-induced delayed neurotoxicity (OPIDN) in hens following subchronic exposure. MJO 254 was administered to a group of 20 hens by oral gavage
at a limit dose of 1 gm/kg, 5 days a week for 13 weeks. Positive and negative control
groups were given TOCP or corn oil,respectively. Hens were periodically monitored for signs of OPIDN by means of clinical observations and tests of motor activity, measurement of neurotoxic esterase (NTE) and acetylcholinesterase
(AChE)activity, and neuropathological evaluation of brain, spinal cord, and peripheral nerve. Methods were in general accord with EPA and OECD Test Guidelines.
Administration of MJO 254 did not affect body weight or cause abnormal clinical
signs or impairment of motor activity. No significant differences in activities of
NTE or AChE in brain or spinal cord were seen between hens given MJO 254 and
those given corn oil. Upon pathological examination, no lesions indicative of
OPIDN were visible in perfusion fixed nervous tissue from MJO 254-treated hens.
As expected, hens treated with the positive control (TOCP) displayed rapid progression of clinical impairment at time of sacrifice. NTE was markedly inhibited in
brain and spinal cord of positive control hens at 48 hours post dosing (values approximately 5-10% of control), and 8/9 developed myelinated fiber degeneration
characteristic of OPIDN. It was concluded that MJO 254 will not cause OPIDN
or clinical evidence of cholinergic toxicity following repeated daily dosing in a test
which followed established guidelines. Oral dosing was used to maximize systemic
exposure. As there were no effects under these conditions, the data suggest that occupational exposures by dermal or inhalation routes would not be associated with
risk of OPIDN.
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TRANSFER AND ACTIVATION OF MALATHION
THROUGH AN IN VITRO BLOOD-BRAIN BARRIER
SYSTEM

M. Ehrich1, Y. Lee1, K. Fuhrman1, D. Parran1, B. Meldrum1 and B.
Rzigalinski2. 1Virginia-Maryland Regional College of Veterinary Medicine, Virginia
Tech, Blacksburg, VA and 2VIA College of Osteopathic Medicine, Blacksburg, VA.
Toxicant-induced effects are dependent on ability to reach the target site. For
organophosphate (OP) insecticides, inhibition of neuronal cell acetylcholinesterase
(AChE) occurs following transport across a blood-brain or blood-nerve barrier
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(BBB). Transport and activation of the OP insecticide malathion was examined in
an in vitro BBB system consisting of bovine brain microvascular endothelial cells
and rat astrocytes. These primary cells were cultured on inserts placed in wells containing human neuroblastoma SH-SY5Y cells. The malathion was placed inside the
insert, on the endothelial cells, in concentrations of 10, 1, and 0.01 micromolar.
After 16 hours of exposure, electrical resistance of the BBB and activity of AChE in
the neuronal cells under the barrier were determined. A dose-related decrease in
electrical resistance of the BBB was noted, with 50%, 35%, and 20% reduction in
the presence of 10, 1 and 0.01 micromolar malathion. These concentrations did
not result in overt cytotoxicity of the co-cultured cells, as measured by LDH leakage. This was less than 20%, even at the highest test concentration. Capability to
biotransform the protoxicant malathion to an active toxicant was noted by AChE
inhibition greater than 45% in the SH-SY5Y cells underneath inserts exposed to 1
and 10 micromolar malathion. Results suggest that transport as well as biotransformation in the BBB contribute to OP toxicity to neuronal cells.
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CHLORPYRIFOS INDUCES BBB DISRUPTION
THROUGH UP-REGULATION OF PROINFLAMMATORY MEDIATORS IN BRAIN
MICROVASCULAR ENDOTHELIAL CELLS

Y. Lee1, 2, A. A. Hirani1 and M. Ehrich2. 1Biomedical Engineering and Sciences,
Virginia Tech, Blacksburg, VA and 2Biomedical Sciences and Pathobiology, Virginia
Tech, Blacksburg, VA.
Pro-inflammatory pathways in the brain microvasculature have been implicated in
blood-brain barrier (BBB) disruption and the pathogenesis of neurodegenerative
diseases. Our previous studies have demonstrated that exposure to the organophosphorus (OP) insecticide chlorpyrifos induces BBB disruption (Parran et al., 2005).
Mechanisms of action underlying this process, however, have not yet been clearly
established. Additionally, only limited information is currently available on the direct effects of chlorpyrifos on the cerebrovascular endothelial cell function and BBB
integrity. The present study was designed to elucidate the molecular mechanisms of
chlorpyrifos-induced BBB disruption. Expression of a variety of inflammatory mediators, such as pro-inflammatory cytokines, chemokines, adhesion molecules and
matrix metalloproteinases was analyzed by quantitative real-time RT-PCR. Rat
brain microvascular endothelial cells (RBE4) were exposed to increasing concentrations of chlorpyrifos for up to 24 h. A significant and time-dependent increase in
mRNA expression of IL-6 was observed with 3.0-, 8.3- and 13.4-fold induction in
the presence of 1.0, 10 and 100 nM chlorpyrifos after 24 h exposure. Additionally,
24 h exposure to 1.0, 10 and 100 nM chlorpyrifos markedly up-regulated expression of TNF-alpha (1.4-, 5.2-, 4.6-fold) and MMP-2 (3.0-, 4.9- and 4.6-fold). In
contrast, MTT assay showed that the viability of RBE4 cells was not affected by
treatment with ≤ 100 nM chlorpyrifos for up to 48 h. These data suggest that proinflammatory mechanisms contribute to the disruption of BBB integrity induced
by chlorpyrifos. This finding offers the potential to contribute to the development
of new therapeutic strategies specifically targeted against pro-inflammatory pathways of environmental agent-induced neurotoxicity. (This work was supported by
VMRCVM New Initiative Grants)
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EARLY INTRACELLULAR SIGNALING IN SH-SY5Y
CELLS AFTER EXPOSURE TO NEUROPATHIC AND
NON-NEUROPATHIC ORGANOPHOSPHATES

M. J. Pomeroy-Black1, B. S. Jortner2 and M. F. Ehrich2. 1Department . of Biology,
LaGrange College, LaGrange, GA and 2Department . of Biomedical Science and
Pathobiology, Virginia Tech, Blacksburg, VA.
The binding of a neurotrophin to its specific high-affinity receptor initiates activation of up to three intracellular pathways: the phospholipase C-γ (PLC-γ) pathway,
the phosphoinositol-3 kinase (PI-3K) pathway, and the mitogen-activated protein
kinase (MAPK) pathways. While the PLC-γ and PI-3K pathways contribute primarily to cell survival, the MAPK pathway is primarily responsible for neurite outgrowth in vitro. We hypothesize that a neuropathy-inducing organophosphate
(OP) compound interferes with the activation specific proteins in these intracellular pathways, specifically PKC-α, Akt, and Mek 1/2, as compared to a non-neuropathic OP compound. As a result, neurite outgrowth of cells exposed to a neuropathic OP compound is inhibited. To test this hypothesis, we exposed SH-SY5Y
human neuroblastoma cells to a neuropathic OP compound (phenyl saligenin
phosphate [PSP]; 0.01 µM, 0.1 µM, 1.0 µM), a non-neuropathic OP compound
(paraoxon; 100 µM), a neuropathic OP compound with nerve growth factor (1.0
µM PSP + 1 ng/ml NGF), and medium only for 4, 8, 24, and 48 hours. We performed Western blots on cell lysates to determine the level of activated PKC-α
(pPKC-α), Akt (pAkt), and Mek1/2 (pMek1/2). Our data indicate that cells
treated with 100 µM paraoxon have higher levels of pMek1/2 compared to all other
treatments. Paraoxon treated cells harvested 4 hours post-treatment had higher levels of pMek1/2 than cells harvested 8 hours post-treatment. Cells treated with 0.1

µM PSP or 100 µM paraoxon had higher levels of pAkt than controls. Finally,
pPKC-α levels in all cells treated for 4 hours or 8 hours were significantly greater
than cells treated for 48 hours. Together, these findings suggest that non-neuropathic OP compounds cause increased activity of the MAPK pathway compared to
neuropathic OP compounds and that the PI-3K pathway is upregulated by both
types of OP compounds.
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CHANGES IN BDNF AND NGF GENE EXPRESSION IN
ORGANOTYPIC SLICES OF THE CORTEX AND
HIPPOCAMPUS EXPOSED TO CHLORPYRIFOS AND
CHLORPYRIFOS-OXON

R. L. Carr and A. M. Betancourt. Center for Environmental Health Sciences,
Mississippi State University, Mississippi State, MS.
The expression of neurotrophins in the brain are known to be regulated by neuronal activity. During exposure to the organophosphate insecticide chlorpyrifos
(CPS), the inhibition of acetylcholinesterase results in overstimulation of cholinergic receptors. This inappropriate cholinergic activation could alter the expression
patterns of neurotrophins such as nerve growth factor (NGF) and brain derived
neurotrophic factor (BDNF). To determine the potential for CPS to alter expression, hippocampal and cortical organotypic slice cultures were prepared, maintained in culture for 14 days, and then incubated with either the vehicle, 10µM
CPS, or 1µM chlorpyrifos-oxon (CPO) for 24 hrs. At this time, 100µM of carbachol (Cch) was added to one half of the slices from each group to determine the effects of preincubation on cholinergic induced expression. Slices were incubated for
8 hrs, harvested, and mRNA levels were determined. For hippocampal NGF, CPO
increased expression but CPS did not. Cch and Cch+CPO increased expression but
the combination effect was not additive. Cch+CPS increased expression but was
less than expression with Cch alone. For hippocampal BDNF, CPO and CPS increased expression as did Cch. However, the amount of expression with Cch+CPO
exhibited a greater than additive effect while expression with Cch+CPS appeared to
be additive. For cortex NGF, CPO and CPS decreased expression as did Cch.
While the Cch+CPO combination was less than additive, Cch+CPS produced a
greater than additive decrease in expression. For cortex BDNF, CPS greatly increased expression but CPO did not. Cch increased expression but the amount of
expression in the Cch+CPO was similar to that of Cch alone. However, Cch+CPS
was less than expression with CPS alone. These data indicate that exposure to CPS
and CPO can alter NGF and BDNF expression and that pre-exposure to CPS or
CPO can alter the normal expression pattern induced by a cholinergic ligand.
However, this appears to occur in a brain region and neurotrophin specific manner.
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REACTIVE OXYGEN SPECIES MEDIATE THE
NEUROTOXICITY INDUCED BY
ORGANOPHOSPHORUS INSECTICIDES IN MOUSE
CEREBELLAR GRANULE CELLS

G. Giordano1, Z. Afsharinejad1, T. Kavanagh1 and L. Costa1, 2. 1Environmental
and Occupational Health Sciences, University of Washington, Seattle, WA and
2
Human Anatomy, Pharmacology and Forensic Medicine, University of Parma
Medical School, Parma, Italy.
Although there is evidence that organophosphorus (OP) insecticides produce oxidative stress in the brain, this hypothesis has not rigorously been tested in primary
cultured neuronal cells. In order to examine whether oxidative stress may contribute the neurotoxicity of OPs, we used cerebellar granule neurons (CGN) from
GCLM null mice, which lack the modifier subunit of glutamate-cysteine ligase, the
first limiting step of glutathione biosynthesis. These cells have very low glutathione
(GSH) levels compared to CGN from Gclm (+/+) mice. CGNs from Gclm (-/-)
mice were 18-fold, 10-fold and 8 fold more sensitive to the toxicity of chlorpyrifos
(CPF), chlorpyrifos oxon (CPO) and 3,5,6-trichloro-2-pyridinol (TCP), respectively. Pre-incubation with the antioxidants catalase (100 U/ml) and the membrane
permeant delivery agent GSH ethylester (2.5 mM) completely prevented OP-induced toxicity, suggesting an involvement of reactive oxygen species (ROS). CPO
and CPF induced a time- and concentration-dependent increase of ROS in cells
from both genotypes, as assessed using the oxidant-sensitive fluorescent dye 2’,7’
dichlorodihydrofluorescein diacetate. Such increases for CPF and CPO (both at 0.1
µM) were higher in CGN from Gclm (-/-) mice compared to control cells (Gclm
+/+). ROS increases were: CPF, 34 ± 15% and 207 ± 12%; CPO, 54± 5% and 237
± 18% in Gclm (+/+) and Gclm (-/-) CGN respectively. Since polyunsaturated
fatty acids, which comprise one of the main constituents of neuronal membranes,
are preferentially oxidized by ROS, we tested the ability of OPs to produce lipid
peroxidation. CPO induced lipid peroxidation to a greater extend than in control
cells, as assessed by determining the levels of malondialdehyde. These results suggest that production of ROS may be involved in the neurotoxicity of OPs.
(Supported by ES 07033 and ES 09601/EPA-R826886)
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EFFECTS OF CHLORPYRIFOS ON CHOLINESTERASE
ACTIVITY AND IN VIVO ACETYLCHOLINE
ACCUMULATION IN STRIATUM OF ADULT RATS

S. Karanth, N. Mirajkar, A. Ray, J. Liu and C. Pope. Center for Veterinary Health
Sciences, Oklahoma State University, Stillwater, OK.
Chlorpyrifos elicits toxicity by inhibiting acetylcholinesterase, thus allowing accumulation of acetylcholine and consequent excessive stimulation of cholinergic receptors. The current study was aimed at evaluating the effects of acute chlorpyrifos
on acetylcholine levels in the striatum of freely moving rats using in vivo microdialysis. Guide cannulae were implanted into the right striatum of anesthetized, adult
male Sprague Dawley rats (2-3 months old) using a stereotaxic instrument. Animals
were allowed to recover from surgery (3-4 days) prior to treatment with vehicle
(peanut oil, 2 ml/kg) or chlorpyrifos (84, 156 or 279 mg/kg, sc). Microdialysis was
performed 1, 4 and 7 days after chlorpyrifos exposure for measurement of acetylcholine accumulation. Dialysis probes were perfused with artificial cerebrospinal
fluid (1.5 µL/min) in the absence of any exogenous cholinesterase inhibitor. After
42 min equilibration, three 40-min fractions were collected. Rats were then sacrificed and tissues collected for neurochemical measurements. Acetylcholine in dialysis samples was analyzed using a HPLC coupled to electrochemical detector.
Cholinesterase activity was extensively inhibited (78-92%) in a dose- and time-dependent manner. Few functional signs of cholinergic toxicity were noted, however.
Chlorpyrifos exposure caused a dose- and time-dependent increase in striatal acetylcholine levels, with maximal accumulation at 4-7 days after dosing (84 mg/kg, 7-9fold; 156 mg/kg, 10-13-fold; 279 mg/kg, 35-57-fold). Thus, while substantial
chlorpyrifos-induced brain cholinesterase inhibition was associated with relatively
little cholinergic toxicity, marked acetylcholine accumulation in striatum was
noted. These findings suggest that some compensatory process(es) blocks the expression of cholinergic toxicity from accumulating acetylcholine following acute
chlorpyrifos exposure. (Supported by R01 ES009119 from NIEHS).
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PARATHION-INDUCED CHANGES IN RAT BRAIN
REGIONAL CITRULLINE AND HIGH-ENERGY
PHOSPHATE LEVELS ARE ENHANCED BY SUGAR
FEEDING

J. Liu1, C. Pope1, S. Karanth1 and R. Gupta2. 1Center for Veterinary Health
Sciences, Oklahoma State University, Stillwater, OK and 2Murray State University,
Hopkinsville, KY.
Parathion neurotoxicity in rats is markedly enhanced by sugar feeding. We evaluated interactive effects of sugar consumption and parathion exposure on brain regional citrulline (a marker of nitric oxide/nitric oxide synthase) and high-energy
phosphate (HEP, as indicator of mitochondrial function) levels. Adult male rats
were separated into four groups (n=5-7/group) with an experimental period of 7
days. Sugar drinking started on day 1 and rats were challenged with either vehicle
(peanut oil, 1 ml/kg, sc) or parathion (18 mg/kg, sc) on day 4. Group 1 drank tap
water while group 2 drank 15% glucose in tap water, with both groups being
treated with vehicle. Group 3 drank water whereas group 4 drank 15% glucose,
with both groups receiving parathion. Rats were sacrificed on day 7 by head-focused microwave. Frontal cortex and striatal citrulline levels were evaluated by
HPLC coupled with scanning fluorescence detector (Ex at 334 nm and Em at 440
nm) and HEPs were measured by HPLC coupled with UV detector (206 nm).
Sugar drinking alone had no effect on citrulline or HEP levels. Parathion treatment
significantly increased citrulline in both brain regions (140-147% of control). In
rats drinking sugar and exposed to parathion, citrulline levels were significantly increased further (272-381% of control). Similarly, parathion exposure led to significant reductions (60-80% of control) in total adenine nucleotides (TAN), ATP,
ADP, AMP, NAD and phosphocreatine (PCr). In cortex, rats drinking sugar and
exposed to parathion exhibited significantly greater reductions in TAN, ATP, NAD,
and PCr, while in striatum, sugar-drinking rats showed significantly greater reductions in TAN, AMP, NAD, and PCr. Energy charge potential remained unaffected
in both brain regions, however. The results suggest that free radicals-induced depletion of HEP may contribute to the enhanced neurotoxicity of parathion associated
with dietary sugar consumption. (Supported by OSU Board of Regents)
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CHLORPYRIFOS AND 3,5,6 TRICHLORO-2-PYRIDINOL
DISTRIBUTION IN RAT BLOOD AND BRAIN DURING
CHRONIC DIETARY AND REPEATED HIGH-LEVEL
ACUTE EXPOSURE TO CHLORPYRIFOS

D. L. Hunter1, R. S. Marshall1, E. Reynolds2 and S. Padilla1. 1NTD, USEPA,
Research Triangle Park, NC and 2St. Margaret’s School, Tappahannock, VA.
The aim of this study was to determine the concentrations of an organophosphorus
pesticide, chlorpyrifos (CPF), and the metabolite 3,5,6 trichloro-2-pyridinol
(TCP) in tissues from rats exposed to long-term, low-dose CPF. Adult, Long-Evans
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male rats received CPF for one year at three levels of dietary exposure (0, 1, or 5
mg/kg/day); half of each group were also given a spike dose of CPF by oral gavage
every 2 months, and the other half received corn oil vehicle. Therefore, there were 6
treatment groups: 0+oil, 0+CPF, 1+oil, 1+CPF, 5+oil, and 5+CPF with an n=4-6
per group. Brain and blood were harvested after 6 and 12 months of the diet/spike
regimen (24 hrs after the last spike) and 3 months after the cessation of treatment
(recovery animals, and levels of CPF and TCP were assessed by HPLC. No CPF or
TCP was found in the recovery animals. CPF was rarely noted in either brain (2%)
or blood (8%) samples. TCP also was rarely detected in the brain (8%), but was
present in many blood samples. Only 30% of the animals from the 1+oil group
showed measurable blood TCP, but in the other treatment groups (0+CPF, 1+CPF,
5+oil, and 5+CPF) 100% of the animals had TCP in their blood. Durations of dosing did not alter blood TCP level: the 6 and 12 months time points were not different. As expected, blood TCP was approximately 8x higher in the animals receiving the spike dose of CPF compared to those receiving a vehicle spike. For either
the CPF- or vehicle-spiked rats, blood TCP levels were higher in animals receiving
the 5 mg/kg/day diet as compared to those receiving the 0 or 1 mg/kg/day CPF in
the diet; however, there was no difference between those receiving control diet and
the 1 mg/kg/day diet. Therefore, a chronic exposure to low level of CPF (1
mg/kg/day) did not alter the response to a CPF challenge as compared to animals
receiving no CPF in their diet. This is an abstract of a proposed presentation and does
not reflect EPA policy.

99%; Naph: 137%, and CPF-CH3: 104%. Recovery efficiencies in brain averaged:
Carb: 96%, Naph: 118%, and CPF-CH3: 99%. The limits of detection (LODs)
and limits of quantification (LOQs) were determined in tissue matrices, using 50
µl HPLC injection volumes. The LODs were established using 3X signal-to-noise
criteria. The LOQs were determined as the minimum concentrations back calculated from standard curves to within ±10% of the nominal value, with 10% variance after multiple injections. The LODs for both compounds were 0.02 ng/µl in
plasma, and 0.01 ng/µl for in brain. The LOQs were 0.25 ng/µl for both compounds in plasma, and 0.20 ng/µl for Carb and 0.10 ng/µl for Naph in brain.
Applying the method to samples from animals dosed with carbaryl detected both
dose- and time-related changes in concentration of carbaryl in brain and plasma.
This information will be useful in understanding the biological effects of N-methyl
carbamate pesticides. This is an abstract of a proposed presentation and does not necessarily reflect EPA policy.
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RELATIONSHIPS BETWEEN TISSUE LEVELS OF
CARBARYL, A PROTOTYPICAL N-METHYL
CARBAMATE PESTICIDE, AND CHOLINESTERASE
INHIBITION IN LONG EVANS RATS

D. W. Herr1, J. E. Graff1, R. S. Marshall1, A. B. Lowit2 and S. Padilla1.
NTD/NHEERL/ORD, USEPA, Research Triangle Park, NC and
2
HED/OPP/OPPTS, USEPA, Washington, DC.
1
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AGE-RELATED DIFFERENCES OF DETOXICATION
AND INHIBITION FROM TWELVE
ORGANOPHOSPHATE COMPOUNDS

E. C. Meek1, R. Carr1, H. Chambers2, A. Coban1, B. Hurley1, J. Wagner1, J.
Pittman1, K. White1 and C. Janice1. 1Center for Environmental Health Sciences,
Mississippi State University, Mississippi State, MS and 2Department of Entomology,
Mississippi State University, Mississippi State, MS.
The organophosphorus (OP) insecticides which result in acetylcholinesterase
(AChE) inhibition display a wide range of acute toxicity levels. The greater sensitivity of young animals to the acute toxicity of many organophosphate insecticides is
most likely due to the diversity of their chemistries yielding differences in both anticholinesterase potency and metabolism. The OPs chosen for this study were the
active metabolites (oxons) of commercial insecticides or model compounds. Of the
12 compounds chosen for study, 4 were dimethyl phosphates and 8 were diethyl
phosphates and had a variety of leaving groups. The abilities of these compounds to
inhibit AChE of brain, lung, heart, skeletal muscle, and serum were investigated
using rat tissues from ages 70 (adult), 12 (juvenile), and 1 (neonate) days of age,
using a spectrophotometric assay. The inhibitory concentration 50 (IC50) and the
Ki’s (brain only) were determined for each of the 12 compounds to compare the relative potencies. The IC50s for AChE ranged from 2 nM to 1500 nM, with chlorpyrifos-oxon being the most potent and ethyl cyanophos-oxon the least, and varied
amongst tissues and ages. Generally, the diethyl phosphates were more potent and
the relative potencies varied less than the dimethyl phosphates toward AChE. The
role of liver and serum carboxylesterases (CbxE) and A-esterases to detoxify these
compounds was also investigated in the same three age groups using both direct
and indirect spectrophotometric methods. The detoxication of the compounds by
CbxE increased with age. Only 4 compounds (chlorpyrifos-oxon, diazoxon,
paraoxon, and nitropyrifos-oxon) were detoxified by the A-esterases with more
detoxication occurring in the liver than serum. These results support the concept
that the greater detoxication of OPs in the adult is an important factor in the
greater tolerance of OP acute toxicity in adults. (Supported by NIH R01 ES
11287).
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A SIMPLE HPLC METHOD FOR DETECTING
CARBARYL AND 1-NAPHTHOL IN BIOLOGICAL
TISSUES

J. E. Graff, C. L. Spivey and D. W. Herr. NTD/NHEERL/ORD, USEPA, Research
Triangle Park, NC.
N-methyl carbamates are a class of pesticides used both agriculturally and residentially. A simple HPLC method for detecting carbaryl (Carb) and its metabolite 1naphthol (Naph) in tissues was developed to try to correlate tissue levels of Carb (a
prototypical N-methyl carbamate) with cholinesterase inhibition and physiological
effects. Rat brain and plasma, spiked with chlorpyrifos-methyl as an internal standard (CPF-CH3), were extracted using ethyl acetate, dried under N2, and reconstituted in 52.5/47.5 acetonitrile (ACN)/phosphate buffer. HPLC detection, using a
photodiode array, was at 211 (Naph) and 221 (Carb) nm. Compounds were separated using a Nova-pak C18 3.9X150 mm column and pre-column, and a mobile
phase gradient from 95% pH 3 phosphate buffer/5%ACN to 100% ACN.
Quantification was based on height ratios, with Carb, Naph and CPF-CH3 identified by retention time and spectra. Recovery efficiencies in plasma averaged: Carb:
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As part of an effort to link pharmacokinetics with biochemical and physiological
endpoints, the relationships between cholinesterase (ChE) activity and tissue levels
of a prototypical N-methyl carbamate pesticide were examined. In a dose-response
study, carbaryl (0, 3, 7.5, 15, 30, 50 mg/kg) was administered (po) acutely to adult,
male, Long Evans rats in a corn oil vehicle. Subjects were sacrificed 40 min after
treatment. Plasma and brain levels of carbaryl were analyzed using HPLC. In a
time-course study, carbaryl (30 mg/kg) was administered, and the animals sacrificed 0.5, 1, 2, 4, 6, or 24 h later. Plasma levels of carbaryl were quantified using
HPLC. In both studies, erythrocyte (RBC) and brain ChE activity were quantified
using a radiometric assay. In the dose-response study, significant inhibition of ChE
activity was observed starting at 15 (RBC) and 7.5 (brain) mg/kg. At 40 min, carbaryl was detected in plasma and brain tissues at all doses. Significant dose-related
correlations were observed between plasma carbaryl levels and RBC ChE activity,
and between brain carbaryl levels and brain ChE activity. Additionally, a good correlation between plasma and brain levels of carbaryl at 40 min was shown. The
time-course study showed maximal inhibition of RBC ChE at 0.5 h, returning to
control levels by 2 h. Carbaryl could be detected in plasma up to 4 h after dosing. A
significant correlation between plasma carbaryl and RBC ChE inhibition existed.
These studies show that tissue dosimetry can explain some variability in biological
responses (such as ChE inhibition) between individual subjects produced by a Nmethyl carbamate pesticide. This is an abstract of a proposed presentation and does not
necessarily reflect EPA policy.
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INHIBITION OF BRAIN CHOLINESTERASE AND THE
PHOTIC AFTER DISCHARGE OF FLASH EVOKED
POTENTIALS PRODUCED BY CARBARYL IN LONG
EVANS RATS

J. K. Mwanza2, J. E. Graff1, C. L. Spivey1 and D. W. Herr1.
1
NTD/NHEERL/ORD, USEPA, Research Triangle Park, NC and 2NRC,
Washington, DC.
Carbaryl is a widely used N-methyl carbamate pesticide that acts by inhibiting
cholinesterases (ChE), which may lead to cholinergic toxicity. Flash evoked potentials (FEPs) are a neurophysiological response often used to detect central nervous
system (CNS) changes following exposure to neurotoxic compounds. Disruption of
CNS function by ChE inhibitors decreases the photic after discharge (PhAD) of the
FEP. To determine the dose-response for carbaryl on the PhAD, FEPs were
recorded in adult male Long-Evans rats after oral gavage with carbaryl 0, 1, 3, 10,
30, 50 or 75 mg/kg in a corn oil vehicle. One week before testing, rats were implanted with electrodes over the visual cortex and allowed to recover. FEPs were
recorded for 2 consecutive days to familiarize the rats with the test procedure and to
develop the PhAD. On the 3rd day, pupils were dilated (40 min) and animals dosed
(30 min) before testing. Immediately after testing, rats were sacrificed, and the
brains removed and stored at -80oC, until determination of brain ChE levels using
a radiometric assay. All doses greater than 1 mg/kg of carbaryl produced a significant inhibition of brain ChE. Three - 75 mg/kg carbaryl resulted in 22-60% inhibition of brain ChE. The duration of both peak N166 and the PhAD were significantly decreased at 75 mg/kg by 18 and 48%, respectively. A correlation was
obtained between brain ChE levels and the PhAD duration. A slight decrease in
colonic temperature was observed at 30 and 50 mg/kg carbaryl. The peak N166 latency of treated animals did not differ from that of controls. There was no effect on
the amplitude of the early components of the FEP. These results indicate that ChE

inhibition produced by carbaryl disrupts the cortical processing related to the later
portion of the FEP. 1Supported by a NRC Fellowship. This is an abstract of a proposed
presentation and does not necessarily reflect EPA policy.
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DELTAMETHRIN AND PERMETHRIN DECREASE
SPONTANEOUS NETWORK ACTIVITY IN VITRO

S. Rijal1, G. W. Gross1 and T. J. Shafer2. 1Department of Biological Sciences and
Center for Network Neuroscience, University of North Texas, Denton, TX and
2
Neurotoxicology Division, NHEERL, ORD, USEPA, Research Triangle Park, NC.
Pyrethroid insecticides alter inactivation of voltage-sensitive sodium channels, an
action that underlies their insecticidal and neurotoxicological properties. How alterations in sodium channel function give rise to the characteristic signs of
pyrethroid intoxication are not completely understood, particularly those changes
that occur in networks of interconnected neurons. Therefore, pyrethroid effects on
spontaneous electrical activity in primary cultures of cortical or spinal cord neurons
grown on microelectrode arrays were investigated. Concentration-dependent effects of deltamethrin (1 nM - 5 µM) and permethrin (10 nM - 50 µM) were examined after blocking fast GABAergic transmission with 40 µM bicuculline.
Pyrthroids were added to the cells in culture medium containing 5 and 10 % serum
for cortical and spinal cord cultures, respectively. Both compounds caused a concentration-dependent reduction in mean network spike rate (#spikes/min), as well
as burst rate(#bursts/min). Deltamethrin was more potent than permethrin, with
respective IC50 values of ~200 nM and ~4 µM for inhibition of spike rate in both
tissues (n = 3-5 arrays/compound/tissue). Onset of effects was rapid and not readily
reversible, although effects could be partially reversed with successive complete
medium replacements. Although mean network activity decreased, individual unit
responses were heterogeneous; ~25 and 9% of units treated with deltamethrin and
permethrin, respectively, responded with biphasic (increasing, then decreasing)
changes in spike rate. The balance of units responded with only decreases in activity. These results demonstrate that both deltamethrin and permethrin inhibit network activity in cortical and spinal cord cultures in vitro. Thus, despite differences
in clinical signs of poisoning, effects of deltamethrin and permethrin on network
activity are similar. (This abstract does not necessarily reflect EPA policy. Mention
of trade names or products does not constitute endorsement)
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DIFFERENTIAL SENSITIVITY TO PYRETHROIDS OF
SODIUM CHANNEL NaV1.2/β1 EXPRESSED IN XENOPUS
OOCYTES

C. A. Meacham1, J. A. Watkins2 and T. J. Shafer1. 1Neurotoxicology, USEPA,
Durham, NC and 2Biochemistry, North Carolina State University, Raleigh, NC.
Voltage-sensitive sodium channels (VSSCs) are hypothesized to be a primary target
of pyrethroid insecticides. However, multiple isoforms of VSSCs exist and the sensitivity of different isoforms to pyrethroids has not been well characterized. The
Nav1.2/β1 channel predominates in adult central neurons and has previously been
reported to be sensitive to cypermethrin, a Type II pyrethroid, but insensitive to the
Type I pyrethroids permethrin and cismethrin (Smith and Soderlund,
Neurotoxicology 19:823-832, 1998). The present experiments sought to examine
the sensitivity of Nav1.2/β1 channels to additional Type I and II pyrethroids.
Xenopus laevis oocytes were injected with rat α(Nav1.2) and β1 subunit mRNA.
Sodium currents elicided by a 45 msec step depolarization to -10 mV from a holding potential of -100 mV were recorded using two-electrode voltage clamp techniques. Tetrodotoxin (1 µM) blocked both peak and tail sodium currents.
Pyrethroids (10 µM) were applied to the oocytes in ND96 buffer, and the percent
increase in tail current amplitude was determined. Type II pyrethroids
(deltamethrin (257% increase over control), fenpropathrin (156%), cypermethrin
(105%), esfenvalerate (205%), and β-cyfluthrin (197%)) increased tail currents,
while Type I pyrethroids (tetramethrin (2%), permethrin (3%)) did not (n=5-7
oocytes/compound). These results demonstrate that the Nav1.2/β1 rat sodium
channel, when expressed in Xenopus oocytes, is sensitive to Type II, but not Type I
pyrethroids. (This is an abstract of a proposed presentation and does not necessarily reflect EPA policy).
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THE MOLECULAR BASIS OF DIFFERENTIAL
SENSITIVITY OF COCKROACH VOLTAGE-SENSITIVE
SODIUM CHANNELS TO INHIBITION BY
INDOXACARB

K. Silver, Y. Nomura and K. Dong. Entomology, Michigan State University, East
Lansing, MI.
Pyrazoline-type insecticides cause voltage-dependent inhibition and hyperpolarizing shifts in the voltage dependence of slow inactivation of mammalian and insect
voltage-sensitive sodium channels in a manner similar to therapeutic drugs such as

local anesthetics, class I antiarrhythmics, and class I anticonvulsants. Amino acid
residues associated with therapeutic drug binding have been shown to affect inhibition of sodium channels by pyrazoline-type insecticides. Additionally, mammalian
sodium channel isoforms have shown differential sensitivity to block by pyrazoline
insecticides. Our previous work showed that alternative splicing and RNA editing
generated functionally and/or pharmacologically distinct sodium channel variants
in the German cockroach (Blattella germanica). In this study we examined the differential effects of indoxacarb on cockroach sodium channel variants. We expressed
two cockroach sodium channel variants, BgNav1-1 and BgNav1-4, in Xenopus laevis
oocytes and measured the effects of indoxacarb, DCJW (the insect-specific metabolite of indoxacarb), and RH 3421 (another pyrazoline-type insecticide) on these
sodium currents using the two electrode voltage clamp. Our results showed that
DCJW and RH 3421 were potent inhibitors of both sodium channel variants at depolarized but not hyperpolarized membrane potentials. In contrast, indoxacarb inhibited BgNav1-1 but had no effect on BgNav1-4 sodium currents at holding potentials that caused similar amounts of inactivation in each sodium channel. Only 6
amino acid residues differ between BgNav1-1 and BgNav1-4 sodium channels,
none of which have been identified as affecting pyrazoline-type insecticide or therapeutic drug activity on sodium channels. The resolution of which of these amino
acid residues is responsible for the differential sensitivity of BgNav1-1 and BgNav14 to inhibition by indoxacarb will reveal a novel residue(s) critical for the action of
indoxacarb on insect sodium channels.

1483

PYRETHROID INDUCED ALTERATIONS IN
TRANSCRIPTION OF CALCIUM RESPONSIVE AND
IMMEDIATE EARLY GENES IN VIVO

J. A. Harrill1 and K. M. Crofton2, 1. 1Curriculum in Toxicology, University of North
Carolina at Chapel Hill, Chapel Hill, NC and 2Neurotoxicology Division, USEPA,
Research Triangle Park, NC.
Multiple molecular targets for pyrethroid insecticides have been evaluated in in
vitro preparations, including but not limited to voltage-sensitive sodium channels
(VSSCs), voltage-sensitive calcium channels (VSCCs), GABAergic receptors,
ATPases and mitochondrial respiratory chain complexes. However, little information exists concerning alterations in downstream biochemical and cellular pathways
that result from pyrethroid interactions at these targets. Acute oral dose-response
studies for permethrin (PERM, Type I: 1.0–100 mg/kg) and deltamethrin (DLT,
Type II: 0.3 – 3.0 mg/kg) were performed using adult, male Long-Evans rats.
Cortical tissue was collected at 6 hr and global transcriptional alterations were assessed with Affymetrix GeneChip oligonucleotide microarrays. Microarray analysis
identified alterations in a large number of transcripts. Specifically, transcription of
Ca+2/calmodulin dependent protein kinase Iγ (CamkIγ) is induced by DLT and
PERM in a dose-dependent manner (as identified by microarray analysis and confirmed for DLT by qRT-PCR in a second cohort of animals). Microarray and qRTPCR data demonstrate that CamkIIα, CamkIIβ and CamIV transcription was not
altered by DLT exposure. Microarray analysis also identified several immediate
early genes (such as c-fos and Arc) with reduced expression at 6 hr following DLT
and PERM exposure. A qRT-PCR time course study with DLT (3.0 mg/kg at
3,6,9,12 and 24 hr) confirmed upregulation of CamkIγ with a peak at 6 hr. There
was a 2-4-fold induction of expression of c-fos, Arc, and JunB at 3 hr, prior to a decrease observed at 6 hr. Early upregulation of these immediate early genes may inform the identity of other downstream transcriptional events. In summary, DLT
exposure alters the expression of CamkIγ as well as several immediate early genes.
(This abstract does not reflect U.S. EPA policy.)
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THE ROLE OF OXIDATIVE STRESS IN THE
NEUROTOXICITY OF MANCOZEB AND MANEB

L. M. Domico1, G. D. Zeevalk2, B. Buckley3, B. Winnik3, M. J. Thiruchelvam1
and K. R. Cooper1. 1Joint Graduate Program in Toxicology, Rutgers University,
Piscataway, NJ, 2Neurology, UMDNJ, Piscataway, NJ and 3Environmental &
Occupational Health Sciences Institute, Rutgers/UMDNJ, Piscataway, NJ.
Pesticide exposure has been linked to the development of idiopathic parkinsonism,
a neurodegenerative disease characterized by the loss of dopaminergic (DA) neurons in the substantia nigra. Maneb (MB), a Mn-ethylene-bis-dithiocarbamate fungicide (EBDC), inhibits mitochondrial complex III and has been implicated in selective DA neurodegeneration. We investigated the potential neurotoxicity of
mancozeb (MZ), a Mn/Zn-EBDC fungicide that is similar to MB, using a rat primary mesencephalic cell culture. Previously, we have shown that MZ and MB produce toxicity at similar potencies in both DA and GABA neurons and perturb mitochondrial respiration after acute exposure. We hypothesized that chronic EBDC
exposure may involve ROS generation in addition to mitochondrial inhibition. To
further investigate the involvement of oxidative stress in EBDC neurotoxicity, peroxide generation was measured in cells exposed to low doses of MZ, MB, or nabam
(NB), a Na-EBDC, alone or in combination with MnCl2 (NB/MnCl2). Exposure
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to MZ or MB resulted in a 100-fold increase of peroxides as compared to control,
while NB or MnCl2 alone resulted in only a 2 to 3-fold increase. The combination
of NB constituted 24 hrs prior to use and MnCl2 resulted in the generation of peroxide levels similar to those observed in cells exposed to MZ or MB. In addition,
pre-treatment with the NADPH oxidase inhibitor DPI or minocycline, a microglial
inhibitor, partially decreased peroxide levels. Analysis of MZ, MB, NB and
NB/MnCl2 via mass spectrophotometry revealed that MZ, MB, and NB/MnCl2
form similar high molecular weight (HMW) polymers when put into solution.
Overall, these data suggest that addition of a metal component (Mn) to the organic
portion of these fungicides initiates polymerization and has a potentiating effect on
extracellular ROS production, which may involve the activation of glia and/or microglia. (Supported by ES07148 and a Cook College NJAES grant).

1485

THE PROTECTIVE EFFECT OF BHT AGAINST
MANCOZEB (MANGANESE-ZINC ETHYLENEBIS
DITHIOCARBAMATE) INDUCED CYTOTOXICITY IN
ASTROCYTES

M. Tsang and L. D. Trombetta. Pharmaceutical Sciences, St. John’s University,
Jamaica, NY.
Mancozeb [manganese-zinc ethylenebis (dithiocarbamate)] is a polymeric dithiocarbamate fungicide that has been used commercially for decades. Many studies
have shown that low concentrations of Mancozeb can cause many detrimental effects on the nervous system. These include alterations in olfactory neurophysiology,
changes in dopamine uptake in neurons, malfunctions of the thyroid, and alterations in immunomodulation. Astrocytes play a vital role in manganese (Mn) regulation. Excessive accumulation of Mn in the brain can produce toxicity resulting in
symptoms resembling Parkinsonism. This investigation studied the protective effects of various compounds (antioxidants and chelators) on Mancozeb cytotoxicity.
Rat hippocampal astrocytes maintained in Dulbecco’s Modified Eagle’s Medium
with 10% fetal bovine serum (FBS) were exposed to 7.5uM of Mn-Zn dithiocarbamate for an hour at 37 degrees C. The cells were refed with complete media or complete media containing either EDTA, British anti-Lewsite, Bathocuproine, succimer, DFX, glutathione, glutathione ether, SNOG, NAC, lipoic acid, BHA, or
BHT for 24 hours. Trypan blue exclusion was carried out to determine cell viability. Among the potential protectants, BHT significantly protects against Mancozeb
cytotoxicity. Morphological observations also support these protective effects. The
long-term effect of BHT on Mancozeb treated astrocytes was also investigated.
Astrocytes were treated with 7.5uM of Mancozeb and then refed with complete
media or media with 50uM of BHT for 24 hr. BHT media was then replaced with
complete media to assess the long-term recovery. Flasks were counted on days1, 2,
3, 4 and 5. The flasks with BHT post-treatment showed significant improvement
in cell growth as compared to the cells post-treated with complete media alone.

1486

EFFECTS ON STRIATAL NEUROCHEMISTRY OF
CHRONIC ATRAZINE EXPOSURE INTERPHASED
WITH SHORT-TERM EXPOSURE TO MANEB

N. M. Filipov, A. B. Norwood, A. Coban and S. C. Sistrunk. CEHS, Basic
Sciences, Mississippi State University, Mississippi State, MS.
Atrazine (ATR), a widely used pesticide in the U.S., is the most frequently detected
pesticide in ground and surface waters. We previously reported that 14-day exposure to ATR decreased the levels of striatal dopamine (DA) and its metabolites
DOPAC and HVA. Exposure to the fungicide maneb has also been associated with
basal ganglia pathology, particularly when maneb exposure has been combined with
other pesticides, such as paraquat. Because one likely exposure scenario to ATR is
via the drinking water, while exposure to maneb is likely to be intermittent, male
C57BL/6 mice were exposed to a dose range of ATR for 26 weeks. At the end of the
exposure duration, while still on ATR treatment, mice were exposed to a dose range
of maneb for 14 days. One day and one week after the last maneb dose, striatal samples were collected and analyzed for DA, DOPAC, HVA, as well as for serotonin
(5-HT) and its metabolite 5-HIAA. One day after the last maneb dose, there were
no marked neurochemical alterations caused by ATR exposure. Maneb exposure,
irrespective of ATR exposure, numerically decreased striatal DA and HVA levels.
Importantly, maneb (1 and 10 mg/kg) significantly decreased the levels of 5-HIAA
and 5-HT. One week after the last maneb dose, the maneb-caused decrease of 5HT persisted at the 1 mg/kg dose. At this time point there was also ATR-maneb interaction: maneb exposure resulted in an increase of the combined DOPAC and
HVA levels only in mice that were also drinking water containing 3 ppm of
atrazine. Therefore, (i) the effects of low-level, chronic ATR exposure on striatal
neurochemistry appear to be negligible, (ii) the serotonergic system appears to be
more sensitive to maneb than the dopaminergic, and (iii) at the neurochemical
level, interaction between ATR and maneb was observed only a week after exposure
had ceased, suggesting possible delayed effects. Supported by: SOT/ACC Early
Career Award in Neurotoxicology.
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CHRONIC EXPOSURE TO ATRAZINE MODULATES
THE DOPAMINERGIC TOXICITY OF MPTP

A. B. Norwood, A. Coban, S. C. Sistrunk and N. M. Filipov. CEHS, Basic
Sciences, Mississippi State University, Mississippi State, MS.
We previously reported that short-term exposure of juvenile male C57BL/6 mice to
the herbicide atrazine (ATR), a widely used pesticide in the U.S., decreased striatal
levels of dopamine (DA) and its metabolites DOPAC and HVA, as well as the
number of dopaminergic neurons in the substantia nigra. Because of the fact that
ATR is the most frequently detected pesticide in ground and surface waters, in the
current study, we exposed C57BL/6 mice to a dose range of ATR for 26 weeks. To
determine whether chronic ATR exposure will modulate the response to a subsequent acute challenge with either a single dose of ATR or the model dopaminergic
toxicant MPTP, subsets of mice, while still drinking ATR-containing water, were
given either ATR or MPTP and sacrificed 12 h or 7 days after the ATR and MPTP
challenges, respectively. Striatal samples were collected and analyzed for DA,
DOPAC, HVA, serotonin (5-HT) and its metabolite 5-HIAA. Chronic consumption of ATR-containing drinking water did not have any significant effects on striatal neurochemistry. Also, there was no significant interaction in terms of neurochemical alterations between exposure to ATR via the drinking water and the oral
ATR challenge. MPTP challenge, as expected, markedly decreased striatal DA,
DOPAC, and HVA levels. Because DOPAC levels were affected by MPTP less than
were the DA levels, MPTP exposure also lead to an increase of the DOPAC/DA
ratio. The MPTP-caused increase of this ratio was significantly decreased in mice
that were also exposed to ATR via the drinking water. This effect was due to the fact
that MPTP effects on striatal DOPAC and DA, DOPAC in particular, were enhanced by the ATR presence in the drinking water. Thus, ir appears that while, at
least in terms of neurochemical effects, low-level, chronic ATR exposure is largely
ineffective, it may have modulatory role in cases where a powerful dopaminergic
toxicant is also encountered. Supported by: P20 RR017661 (NIH).

1488

MECHANISMS OF ATRAZINE’S EFFECTS ON BRAIN
MONOAMINE FUNCTION

V. M. Rodriguez, M. Thiruchelvam, J. K. Kochar and D. A. Cory-Slechta.
Environmental and Community Medicine, Environmental and Occupational Health
Sciences Institute, The University of Medicine and Dentistry of New Jersey and
Rutgers, Piscataway, NJ.
The herbicide atrazine (ATR) is widely used to control weeds and grass on a wide
variety of crops. It has consequently become a frequently encountered contaminant
of ground and superficial waters. We have previously shown that chronic ATR exposure in rats reduces striatal dopamine (DA) and hypothalamic serotonin levels,
and produces a loss of dopaminergic and non-dopaminergic neurons in substantia
nigra and ventral tegmental area, regions of DA system cell bodies. Microdialysis
studies showed that acute ATR exposure decreases basal and high potassium-evoked
striatal DA release in striatum, an effect reversed by concurrent administration of a
D2 receptor antagonist (haloperidol) with ATR. To further evaluate mechanisms of
ATR effects on monoamine systems, rats were treated with either 1% methyl cellulose (vehicle) or 100 mg/kg ATR i.p, and sacrificed 90 minutes later when brain
areas were dissected and processed for monoamine determination. Acute ATR exposure significantly increased levels of DA and its metabolites (DOPAC and HVA)
in striatum, nucleus accumbens, prefrontal cortex and midbrain, while decreasing
hypothalamic DA and NE levels. No changes in serotonin or its metabolite 5HIAA were observed in any regions. Taken together these results indicate that,
acutely, ATR selectively affects DA systems, while sparing serotonergic neurotransmission. The decreases in DA release and increases in DA levels suggest that ATR
could act by decreasing the firing rate of the dopaminergic neurons. The impact of
ATR on brain DA systems suggests it could contribute to diseases and dysfunctions
that include learning disorders, attention deficit hyperactivity disorder and motor
dysfunction, among others. ES05903, 10791 and 05017.

1489

INCREASE OF DOPAMINE AND 5-HT LEVELS AFTER
AMITRAZ TREATMENT

M. A. Martinez, J. Del Pino, M. Marta, M. J. Diaz, V. Caballero, M. R.
Martinez-Larranaga and A. Anadon. Department of Toxicology and Pharmacology,
Complutense University, Madrid, Spain.
Amitraz is a formamidine pesticide of widespread use in the control of parasitic infestations of crops and livestock. The reported biological activity of the formamidines includes monoamine oxidase inhibition, inhibition of prostaglandin
synthesis, local anaesthetic effects and alpha-2 adrenergic activity. Limited information is available on the in vivo CNS effects of Amitraz in mammals. Because of a
variety of putative biochemical and physiological target sites may contribute to
Amitraz toxicity, the objective of the present study was to investigate neurochemical effects following the administration of Amitraz (50 and 80 mg/kg/day, orally for

5 days) in male Wistar rats. Animals were sacrificed 24 hours following Amitraz administration and their brains were rapidly removed. The hypothalamus, hippocampus, midbrain and striatum were dissected and analyzed for content of dopamine
(DA) and its metabolites dihydroxyphenylacetic acid (DOPAC) and homovanillic
acid (HVA), and content of 5-hydroxytryptamine (5-HT) and its metabolite 5-hydroxy-3-indole acetic acid (5-HIAA) using a HPLC method with electrochemical
detection. Amitraz caused a dose-dependent increase of DA and 5-HT levels.
Amitraz, at the highest dose, increased DA and 5-HT levels in hypothalamus
(120%, P<0.01 and 112%, P<0.001), hippocampus (144%, P<0.001 and 135%,
P<0.01), midbrain (92%, P<0.001 and 130%, P<0.001) and striatum (29%,
P<0.05 and 75%, P<0.001)respect to corn oil controls. In contrast, Amitraz caused
a decrease in the DA and 5-HT metabolites. Amitraz, at the highest dose, decreased DOPAC and HVA levels in hypothalamus (82%, P<0.01 and 61%,
P<0.01), hippocampus (75%, P<0.05 and 12%, P<0.05), midbrain (97%,
P<0.001 and 100%, P<0.001) and striatum (78%, P<0.001 and 44%, P<0.001).
Similarly, Amitraz decreased 5-HIAA levels in hypothalamus (65%, P<0.001), hippocampus (13%, P<0.001), midbrain (21%, P<0.05) and striatum (53%,
P<0.001). These results demonstrate that Amitraz toxicity may be mediated by
dopamine and serotonin receptors.

1490

FIPRONIL AND PICROTOXININ BLOCK GABAA
RECEPTORS BY DIFFERENTIAL MECHANISMS

X. Zhao, J. Z. Yeh and T. Narahashi. Molecular Pharmacology and Biological
Chemistry, Northwestern University, Chicago, IL.
Our previous studies showed that fipronil and picrotoxinin (PTX) act on two separate sites to inhibit the GABAA currents in rat dorsal root ganglion neurons with
the same potency. To test the hypothesis that the receptors blocked by these two
agents differ in their gating status, we examined the desensitization state of the
blocked receptors. When DRG neurons were exposed to a high concentration (1
mM) of GABA, a small residual current (6.2 ± 0.4%, n = 16) was observed, suggesting that the desensitized receptors were able to slowly trigger back to the conducting state to generate the small current. The IC50 for GABA to induce receptor
desensitization was estimated to be 25 microM. Upon washing out GABA, the desensitized receptor recovered following a dual exponential time course with a fast
time constant of 1 s and a slow time constant of 7 s. PTX blocked the GABA-induced current with an IC50 of 6.4 ± 1.0 microM. Upon a prolonged exposure to 1
mM GABA and 100 microM PTX the residual current was reduced to less than 3.8
± 0.5% (n = 14)of the control current. After washing PTX with GABA solution,
however, a substantial GABA current (24.8 ± 2.3% of the control, n = 6) developed
with a time constant of less than 200 ms. This result suggests that PTX prevents receptor desensitization and the PTX-blocked receptors become conducting once
PTX molecule leaves the channel. However, the GABA current was completely
blocked after prolonged exposure to 1 mM GABA and fipronil (30-100 microM).
Upon washing fipronil with GABA, a small current developed reaching the control
level. These results suggest that fipronil block does not prevent GABAA receptor
from undergoing desensitization. Thus, PTX and fipronil both potently block activated GABAA receptors, but they have different effects on the gating state of the
blocked receptor. PTX retards the blocked receptor to undergo desensitization
whereas fipronil fails to do so. These results are consistent with our previous studies
that PTX and fipronil act on two separate sites in blocking GABAA receptor.
(Supported by NIH grant NS014143).
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COMPARISON OF NICOTINIC ANTAGONISTS IN
BLOCKING THE EFFECT OF ANATOXIN-A AND
NICOTINE ON THE MOTOR ACTIVITY OF RATS

R. C. MacPhail, J. D. Farmer and K. A. Jarema. NHEERL, USEPA, Research
Triangle Park, NC.
Anatoxin-a is a potent nicotinic agonist produced by many species and genera of
cyanobacteria. Previous research showed that both anatoxin-a and nicotine produce
dose-related decreases in the motor activity of rats. The two toxins differed, however, in their effects with weekly administration; tolerance and sensitization developed with nicotine whereas no change in effectiveness occurred with anatoxin-a.
These results suggest differences in the site(s) of action of anatoxin-a and nicotine.
We therefore determined the effectiveness of nicotinic antagonists in blocking the
decreases in motor activity produced by anatoxin-a and nicotine. Motor activity
was measured in commercial photocell devices during 20-min sessions with adult
male Long Evans rats. In each experiment groups of 9 rats received subcutaneous
injections of either (1) saline vehicle, (2) the centrally acting antagonist mecamylamine (1 mg/kg) or the peripherally acting antagonist hexamethonium (10
mg/kg), (3) the agonist anatoxin-a (0.6 mg/kg) or nicotine (2.5 mg/kg), or (4) a
combination of antagonist followed by agonist. Antagonists were given 20-min and
agonists were given 5-min prior to testing. Doses were based on prior dose-response
determinations. Both anatoxin-a and nicotine decreased motor activity.

Mecamylamine pretreatment blocked the decrease produced by nicotine but not
anatoxin-a. Hexamethonium did not block the effect of either anatoxin-a or nicotine. Collectively, these results affirm that nicotine’s effect on motor activity is centrally mediated whereas the effect of anatoxin-a appears to involve a novel site(s) of
action.
This is an abstract of a proposed presentation; the information does not necessarily
reflect Agency policy.

1492

GENE-NUTRIENT-ENVIRONMENT INTERACTIONS AS
RISK FACTORS FOR BIRTH DEFECTS: FUMONISIN,
FOLATE, GENETIC VARIATION AND NEURAL TUBE
DEFECTS

J. Gelineau-van Waes1 and R. T. Riley2. 1Center for Human Molecular Genetics,
Nebraska Medical Center, Omaha, NE and 2Toxicology and Mycotoxin Research Unit,
USDA-ARS-SAA, Athens, GA.
The second most common birth defect is neural tube defects (NTDs). In
Guatemala, parts of China and Africa, NTD risk is estimated to be higher than that
observed in the USA. The etiology of NTD in these areas is complex. Increased risk
has been associated with genetic predisposition, dietary exposure to environmental
contaminants, and reduced intake of folate and other vitamins/nutrients. Human
clinical and epidemiological studies show folate supplementation reduces the risk
for NTDs. Fumonisins are carcinogenic mycotoxins that cause farm animal diseases. They commonly contaminate maize and are suspected, but not proven, to
cause human disease. Their mode of action involves inhibition of the enzyme (ceramide synthase) that controls the formation of sphingolipids; important regulators
of pathways involved in cell death and survival. Sphingolipids are needed for the
proper function of receptors associated with lipid rafts; for example, the folatebinding protein (Folbp1). Fumonisin disruption of folate transport via Folbp1 interferes with neural tube closure in animal models in vitro and can be prevented by
folate supplementation. In vivo studies in LM/Bc and CD1 mouse strains have
found that maternal fumonisin administration during pregnancy increases the frequency of NTD in exposed embryos. Supplementation with folate or ganglioside
GM1 is protective, suggesting altered sphingolipid-dependent lipid raft function.
In addition, altered expression of cytokines, inducible nitric oxide synthase, and
several genes involved in redox homeostasis are observed in affected embryos.
While there is no direct evidence for fumonisin as a cause of NTD in humans, the
incidence of NTD is higher where maize consumption is high and both fumonisin
exposure and folate deficient diets are likely. Epidemiological studies and further
experimentation with animal models will be necessary to assess the teratogenic potential and impact of fumonisin as a human health hazard.

1493

THE RELATIONSHIP BETWEEN FOLATE DEFICIENCY,
MAIZE CONSUMPTION, FUMONISIN INTAKE, AND
GENETIC FACTORS ON NTD INCIDENCE
WORLDWIDE

M. Speer, A. Wise, J. R. Gilbert and J. Freedman. Duke University Medical
Center, Durham, NC. Sponsor: J. Gelineau-van Waes.
About 3-4% of all babies are born with some type of birth defect. The second most
common type of birth defect is neural tube defects (NTDs), which include spina
bifida and anencephaly. Incidence of these birth defects varies throughout the
world. The etiology of these birth defects is complex, with both genetic and environmental influences involved. The environmental risks for NTDs are largely nutritional: adequate periconceptional folate supplementation is known to reduce
NTD risk by 50-70%. Other known risks include maternal diseases and/or exposures including obesity, valproate use, and diabetes. NTD risk varies across ethnic
groups, with American Caucasians having an approximate 1/1000 incidence. The
incidence appears to be higher in the Hispanic population, thus representing an increasing public health concern for the United States. In some Central American
countries such as Guatemala, the risk for NTDs has been estimated to be 7-10 fold
higher than that observed in the United States. It has been hypothesized that this
increased risk may be associated with exposure to the mycotoxin fumonisin, which
inhibits folate transport, and is present at varying levels in maize samples across the
country. Furthermore, fumonisin levels in maize are altered by various processing
techniques, some of which also reduce the natural levels of important nutrients
such as folate, riboflavin, and others. Identifying the underlying genetic variation
that predisposes to NTD risk has been difficult, due in large part to likely substantial genetic heterogeneity. By working in populations such as that in Guatemala
where a potential environmental exposure, fumonisin, may play a significant role in
NTD risk, we hypothesize that finding the underlying genetic risks may be more
straightforward.
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1494

FUMONISIN DISRUPTION OF SPHINGOLIPID
METABOLISM AND ITS IMPLICATIONS IN HUMAN
AND ANIMAL DISEASE

K. A. Voss and R. T. Riley. Toxicology and Mycotoxin Research Unit, USDA-ARSSAA, Athens, GA.
The structural similarity of the sphingoid base sphinganine (Sa) and fumonisin B1
(FB1) led to the hypothesis that fumonisin’s mechanism of action involves disruption of sphingolipid metabolism or function. FB1 competitively inhibits the acylation of Sa and sphingosine (So) by ceramide synthase in cells in vitro, animals,
plants and fungi and increased Sa concentrations and extent of target tissue injury
have been repeatedly correlated in animal experiments. The extent to which sphingoid bases and their 1-phosphate and other metabolites accumulate in cells or tissues depends on the relative activities of the enzymes involved in the biosynthetic
and turnover pathways. In rats, FB1 exposure causes the amounts of free Sa and
sphinganine 1-phosphate to increase rapidly in tissues, especially kidney. Once accumulated in tissues, the free sphingoid bases persist and their elevated concentrations therein can be prolonged by the administration of low, sub-threshold doses of
FB1. Furthermore, sphinganine 1-phosphate also accumulates in blood (rat) and
might, like sphingosine 1-phosphate, act directly on sphingosine 1-phosphate receptors (S1PR, formerly EDG receptors) to affect critical pathways dependent on
S1PR signaling. Disrupted sphingolipid metabolism also leads to imbalances in
phosphoglycerolipid metabolism, inhibition of ceramide biosynthesis, and depletion of complex sphingolipids formed from ceramide. The latter contributes to
FB1-induced cytotoxicity and affects lipid raft functions including vitamin transport and cell-cell and cell-substratum contact. Thus, inhibition of ceramide synthase by FB1 causes a wide spectrum of changes in lipid metabolism that in turn affect multiple lipid-dependent functions in a manner that could account for the cell
damage and diseases caused by fumonisins.

1495

FUMONISIN B1-INDUCED INHIBITION OF FOLATE
RECEPTOR-MEDIATED VITAMIN UPTAKE

V. L. Stevens. Epidemiology and Surveillance Research, American Cancer Society,
Atlanta, GA. Sponsor: R. Riley.
Folate is an essential nutrient critical for a variety of cellular processes involving
one-carbon metabolism. Folate deficiency has been linked to an increase risk of
neural tube defects (NTD) in the developing fetus and heart disease and cancer in
mature individuals. Adequate folate nutrition as well as competent mechanisms for
uptake of this vitamin into cells is required to maintain the necessary levels of intracellular folate. The transport of folate from serum into many tissues with high
requirements for this vitamin, including the placenta, is mediated by a high-affinity, glycosylphosphatidylinositol (GPI)-anchored transporter known as the folate
receptor. Formerly referred to as the folate binding protein, the folate receptor mediates vitamin uptake into the cell via fluid phase endocytosis. Like other GPI-anchored proteins, the folate receptor resides in membrane microdomains commonly
referred to as lipid rafts. These rafts are enriched in cholesterol and sphingolipids
and can affect the function of proteins found in them.
In cultured cells, fumonisin B1-induced inhibition of ceramide synthase significantly altered cellular sphingolipid levels and decreased folate receptor-mediated vitamin uptake into the cell. Alterations in both the endocytic trafficking and the
amount of the receptor that is available for transport contributed to the inhibition
of the folate receptor. In cultured mouse embryos, exposure to fumonisin B1 resulted in a dose-dependent increase in the number of embryos exhibiting NTDs.
Concurrent alterations in levels of sphingoid bases were also found.
Supplementation of the embryos with high levels of folate during the fumonisin B1
treatment reduced the incidence of NTDs without correcting the sphingolipid abnormalities, suggesting that the mycotoxin influenced neural tube maturation by
affecting the function of the folate receptor. These findings provide a conceptual
framework to account for how exposure to fumonisin B1 could increase the risk of
NTDs by disrupting sphingolipid-dependent lipid rafts and, consequently, folate
receptor function.

1496

MATERNAL FUMONISIN EXPOSURE AND NEURAL
TUBE DEFECTS: MECHANISMS IN A MOUSE MODEL

J. B. Gelineau-van Waes1, J. Maddox1, J. Wilberding1, L. Bauer1, K. Voss2 and
R. Riley2. 1Genetics, Cell Biology & Anatomy, Nebraska Medical Center, Omaha, NE
and 2USDA-ARS Toxicology & Mycotoxin Research Unit, Athens, GA.
An association between maternal exposure to the mycotoxin Fumonisin B1 (FB1)
and increased risk for neural tube defects (NTDs) has recently been observed in
human populations that rely on corn as a dietary staple. FB1 inhibits the enzyme
ceramide synthase, resulting in elevated sphinganine levels, and depletion of downstream glycosphingolipids. The GPI-anchored folate receptor co-localizes with ganglioside GM1 in lipid rafts, and FB1-induced depletion of GM1 compromises folate uptake. Early gestational exposure to FB1 results in NTDs in 80% of inbred
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LM/Bc mouse fetuses. Daily maternal folate supplementation reduces the incidence of NTDs, while replacement therapy with GM1 restores folate uptake and
rescues the phenotype. Embryos with FB1-induced NTDs demonstrate TNF? expression in the ventricular zone of the open neural tube that corresponds to positive
staining for inducible nitric oxide synthase (iNOS) and TUNEL (apoptosis).
Microarray data indicate altered expression of cytokines, as well as numerous genes
involved in sphingolipid metabolism and redox homeostasis. Several genes involved
in pterin metabolism are downregulated following FB1 exposure, including key enzymes in the tetrahydrobiopterin (BH4) de novo biosynthesis and salvage pathways. BH4 is an important co-factor for iNOS, and inadequate BH4 levels result in
the production of reactive oxygen species (ROS), reactive nitrogen species (RNS),
protein nitrosylation, and oxidative stress. FB1-induced activation of cytokines and
iNOS, coupled with reduced BH4 levels, results in oxidative stress and increased
apoptosis in the developing neural tube. Maternal supplementation with BH4, or
folic acid, a structurally related pterin compound, prevents nitrosylation of proteins
in the open neural tube, and effectively rescues the phenotype. The results suggest
that folate may functionally substitute for BH4, and protect against FB1-induced
NTDs through a novel mechanism involving maintenance of redox homeostasis.

1497

MODELS AND MECHANISMS OF
OCCUPATIONAL/ENVIRONMENTAL ASTHMA

M. I. Luster1 and J. F. Regal2. 1Toxicology & Molecular Biology Branch, NIOSH,
Morgantown, WV and 2Biochemistry & Molecular Biology, University of Minnesota
Medical School Duluth, Duluth, MN.
Occupational asthma is defined as variable airflow limitation and bronchial hyperresponsiveness due to causes and conditions encountered in a workplace environment. A myriad of substances are responsible for occupational asthma, including
low molecular weight chemicals and protein allergens. Though asthma is treated as
a single lung disorder, it is increasingly clear that the pathophysiology of asthma
may differ substantially depending on the allergen, exposure conditions and environmental triggers. Diagnostic, immunologic and genetic factors associated with
disease development are being actively investigated. Animal models for occupational asthma are being developed to define mechanisms of this lung disorder and
determine more effective methods for prevention, diagnosis and treatment of occupational asthma. Both toluene diisocyanate and trimellitic anhydride are prototype
low molecular weight chemicals that cause asthma in the workplace, and studies
defining the effector mechanisms for these allergens are being investigated.
Environmental factors such as ozone and particulate air pollution can exacerbate
existing asthma and profoundly influence the pathophysiology and clinical outcome. Understanding the interactions of environmental and genetic factors is also
important to define potential populations at risk. Continued studies in the workplace and in animal models are needed to more clearly diagnose, define the pathophysiology and triggers, and effectively treat this important public health problem.

1498

PATHOGENESIS OF OCCUPATIONAL ASTHMA

D. I. Bernstein. Division of Immunology-Allergy, University of Cincinnati,
Cincinnati, OH. Sponsor: J. Regal.
Occupational asthma (OA) is variable airflow limitation and/or airway hyperresponsiveness due to causes and conditions encountered in a particular work environment. This disorder can be subclassified mechanistically into those OA disorders caused by immunologic and non-immune mechanisms. Non-immunologic
OA refers to irritant induced OA or reactive airway dysfunction syndrome (RADS)
induced by short-term inhalation of toxic substances. Most attention, however, has
been focused on understanding the immunopathogenesis of OA caused by specific
workplace respiratory sensitizers. Classic IgE mechanism explains OA caused by organic (i.e., plant or animal derived) occupational allergens that represent 1/3 of new
cases. However, the vast majority of new cases are caused by chemicals, and with
few exceptions, mechanisms explaining respiratory sensitization have not been elucidated. The acid anhydride class of chemicals is one exception; these agents act as
haptens, which readily form allergens by combining with tissue proteins (e.g.,
human serum albumin) and elicit IgE mediated asthma. The isocyanates are sensitizers and major causes of OA that have been widely investigated. This discussion
will focus on postulated allergic and genetic mechanisms of OA caused by chemicals and on the potential roles of in vitro and in vivo tests in the diagnosis of OA.

1499

USING MURINE MODELS TO UNDERSTAND THE
IMMUNOLOGIC BASIS OF TOLUENE DIISOCYANATE
ASTHMA

V. J. Johnson and M. I. Luster. Toxicology and Molecular Biology Branch,
NIOSH/CDC, Morgantown, WV.
Diisocyanates are the leading cause of occupational asthma afflicting between 5 and
15% of exposed workers. Despite this prevalence, the immunological basis for this
disease remains poorly understood. Whether toluene diisocyanate (TDI) asthma is

driven by TH2 responses, if TH1 responses are important, and the role of specific
antibodies in disease pathogenesis are a few of the unanswered questions. We have
developed a murine model in which mice become sensitized following long-term,
low level inhalation exposure to TDI vapor. Sensitized mice display characteristic
asthma symptoms upon challenge, including airway hyperreactivity (AHR), airway
inflammation and antibody production. In addition, mice show elevated lung expression of TH2 and TH1 cytokines. Genetically modified mouse models and antibody neutralization approaches have suggested important roles for TH2 and TH1
responses as well as antibody production. All disease symptoms were reduced in
CD4 and CD8 deficient mice. IL-4 and IL-13 neutralization showed moderate effects on all disease endpoints whereas combined depletion of both cytokines ablated
disease. Mice deficient in IFNγ showed a marked decrease in AHR but only minor
effects on lung pathology, cytokine production and antibody levels. These findings
show that both TH2 and TH1 responses are important. The ability of serum to
transfer disease and attenuation of disease in Fc receptor deficient mice underscore
the importance of antibodies in TDI asthma. This model also demonstrated an important role for pro-inflammatory cytokines. Prevention of TNF or IL-1 signalling
reduced inflammation and AHR. Importantly, inhibition of IL-1 prevented TDIinduced increases in adhesion molecules required for recruitment of inflammatory
cells to the lung. Therefore, it is likely that pro-inflammatory cytokines are early
mediators of disease and may be involved in the initial recruitment of inflammatory
cells to the lung during the effector phase of the disease. In summary, these studies
demonstrate distinct and overlapping roles for TH1, TH2 and antibody responses
and pro-inflammatory cytokines in TDI asthma.

1500

DIFFERENTIAL GENE EXPRESSION AND EFFECTOR
MECHANISMS IN MURINE MODELS OF TRIMELLITIC
ANHYDRIDE AND OVALBUMIN-INDUCED ASTHMA

J. F. Regal1, A. L. Greene1, M. Rutherford3, R. R. Regal2, C. Giulivi4, M.
Mohrman1, G. Flickinger3 and J. Hendrickson3. 1Biochemistry & Molecular
Biology, University of Minnesota Medical School Duluth, Duluth, MN,
2
Mathematics & Statistics, University of Minnesota, Duluth, MN, 3Veterinary &
Biomedical Sciences, University of Minnesota, St. Paul, MN and 4Molecular
Biosciences, University of California-Davis, Davis, CA.
Numerous allergens cause occupational asthma including trimellitic anhydride
(TMA), a small molecular weight chemical, and ovalbumin, a reference protein allergen. Heterogeneity in asthma has long been recognized and many clinical variations have been described relating to occupational exposure, age of onset, gender,
association with atopy, type of airway inflammation, etc. Different allergens may
also contribute to the heterogeneity in asthma by setting into motion unique effector pathways leading to asthma symptoms. To determine if different effector mechanisms are responsible for asthma depending on the allergen, mice were sensitized
with TMA or ovalbumin, followed by intratracheal challenge with TMA conjugated to mouse serum albumin or ovalbumin, respectively, to elicit the allergic phenotype. The same significant increase in lung eosinophilia was seen after challenge
with either allergen. Using Affymetrix gene arrays, a subset of genes expressed in
common for both allergens reflects a common effector pathway for asthma, regardless of the allergen. However, distinct transcriptional signatures were also noted in
lungs of mice challenged with ovalbumin versus mice challenged with TMA, with
the same eosinophil infiltration. In particular, differences in arginase and
chemokine gene expression with the two allergens are being investigated, and suggest alternate signaling pathways and cellular involvement may contribute to
asthma heterogeneity with different allergens.

1501

THE ROLE OF OXIDATIVE STRESS IN THE
EXACERBATION OF ASTHMA BY PARTICULATE AIR
POLLUTION

A. E. Nel. Medicine, UCLA, Los Angeles, CA. Sponsor: J. Regal.
Diesel exhaust particles (DEP) and ambient particulate matter (PM) induce reactive oxygen species (ROS)and oxidative stress which can lead to a number of adverse health effects, including exacerbation of asthma. Previous studies have
demonstrated that the impact on asthma includes an adjuvant effect, an increase in
already existing airway inflammation, and exacerbation of airway hyperreactivity.
In order to explore the mechanistic link between oxidative stress and airway inflammation, we made use of the strengths of proteomics to do comprehensive discovery
of the biology of oxidative stress. ROS generation by pro-oxidative PM chemicals
induce a hierarchical oxidative stress response, in which a protective antioxidant defense responses upgrade to pro-inflammatory and cytotoxic effects as the level of
oxidative stress increases. These responses are relevant to asthma as follows: The antioxidant defense pathway is mediated by the transciption factor, Nrf2, and leads to
the expression of phase II enzymes. Weakening or polymorphisms of this mechanism could determine who is susceptible to pro-oxidative effects of PM. At the level

of pro-inflammatory effects, PM perturb signaling cascades that impact cytokine
and chemokine production, as well as change the function of dendritic cells (DC).
The functional impact on DC change their role as antigen presenting cells, which
can explain the role of PM as adjuvants in the immune system. The role of PM-induced oxidative stress provides a logical avenue for treatment of some asthmatics.

1502

GENETIC SUSCEPTIBILITY AND OZONE
EXACERBATION OF ALLERGIC ASTHMA

S. R. Kleeberger. Laboratory of Respiratory Biology, NIH/NIEHS, Research Triangle
Park, NC.
Asthma morbidity and mortality has increased in industrialized countries at an
alarmingly high rate for the last 20 years. Rates are disproportionately high in urban
environments and in children, but the causes are unknown. It is clear that genetic
background is an important determinant of asthma, and it is a complex quantitative disease (i.e., multigenic). The complexity stems from the number of subphenotypes that characterize the disease, including airways hyperresponsiveness, inflammation, and allergic status. A gene or set of genes may confer susceptibility or
predisposition to each of these phenotypes. Asthmatics are also known to be particularly susceptible to the exacerbating effects of air pollutants such as ozone and particulate matter (PM2.5 and ultrafine). However, the mechanisms through which air
pollutants exacerbate asthma and asthma subphenotypes are not clearly understood. An emerging concept is that genes that predispose to inflammation and injury induced by air pollutants are also important determinants of asthma.
Candidate genes that are critical in inflammation (e.g., tumor necrosis factor alpha,
Tnf ), innate immunity (e.g., toll-like receptor 4, Tlr4), and antioxidant defense
(e.g., glutathione S-transferase M1, Gstm1; NF-E2 related factor 2, Nrf2) pathways are currently being tested in animal models and human populations.
Understanding the interaction of environmental and genetic factors important in
asthma will lead to improved evaluation of risk of a specific genotype(s) for a given
environmental exposure, and a potential means for intervention to prevent asthma
and asthma exacerbation.

1503

OBESITY AS A MODULATOR OF CHEMICAL TOXICITY

J. C. Corton. NHEERL, US-EPA, Research Triangle Park, NC.
Obesity as a Modulator of Chemical Toxicity
In the last few decades the overweight and obese in the US have grown from a relatively minor subpopulation to ~60% of all adults. Even more alarming is the dramatic increase in the number of overweight and obese children. This obesity epidemic is linked to increases in the incidences in cardiovascular disease, diabetes
mellitus and certain forms of cancer. Adipose tissue is no longer considered a static
depot of excess energy reserves but an endocrine-active tissue. Increases in adipose
tissue, particularly abdominal fat lead to features of insulin resistance syndrome,
also referred to as metabolic syndrome X. This syndrome consists of a clustering of
metabolic abnormalities that increase the risk for type 2 diabetes and cardiovascular
disease. Adipose tissue also secretes a number of cytokines leading to a low inflammatory state in the obese. Additionally, obesity is associated with higher levels of insulin, insulin-like growth factor I and oxidative stress that are mechanistically
linked to carcinogenesis. Given that chemical toxicity is often dependent on the
same factors that are at increased levels in the obese, obesity may lead to an environment of increased sensitivity to chemical-induced toxicity. In this symposium,
the physiological, biochemical and molecular mechanisms that lead to metabolic
syndrome X and changes in growth factors and cytokine secretion in the obese will
be discussed. A number of examples in rodent models will be given, in which obesity clearly alters chemical toxicity in a number of tissues. The information presented in this symposium will highlight the fact that the obese should be evaluated
as a sensitive population.

1504

OBESITY AS A MODIFIER OF CHEMICAL TOXICITY HISTORICAL PERSPECTIVE

G. Corcoran1 and C. Corton2. 1Department of Pharmaceutical Sciences, Wayne State
University, Detroit, MI and 2NHEERL, US-EPA, Research Triangle Park, NC.
Over the past decades, adults classified as overweight or obese in the US have grown
to approximately 60% of the population. This is now considered by many to be an
epidemic. Obesity decreases life span, in part through its association with increased
liver, kidney, and cardiovascular diseases, diabetes mellitus, and certain cancers.
Adipose tissue, once considered a relatively static energy depot, is now recognized as
an endocrine-active tissue. Excess abdominal fat correlates with insulin resistance
syndrome or metabolic syndrome X, a clustering of metabolic abnormalities that
increase the risk for type 2 diabetes and cardiovascular disease. Adipose tissues secrete cytokines that contribute to a chronic low-grade inflammatory state. Obesity
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is accompanied by increased insulin, insulin-like growth factor I, and oxidative
stress which are mechanistically linked to carcinogenesis, and increased tumor
necrosis factor in obese animals. In rats maintained on a high fat diet, obesity potentiates liver necrosis induced by acetaminophen, furosemide, and allyl alcohol.
Obesity increases kidney necrosis induced by acetaminophen and furosemide.
Aminoglycoside antibotics are also significantly more nephrotoxic in obese human
patients and overfed rats. In all of these cases, toxicity increases despite dosing normalization to fat-free mass. This argues that pharmacodynamic factors are responsible. Obesity induces CYP2E1 activity in rat liver and kidney, which may contribute
to increased necrosis caused by these xenobiotics requiring metabolic activation.
The obese rat kidney shows increased rates of gentamicin uptake, which may contribute to increased renal cell death. Thus, metabolic and other changes in obesity
may lead to an environment that broadly favors increased sensitivity to chemicalinduced toxicity. This may contribute to higher incidences of liver and kidney disease in the obese population.

1505

OBESITY, METABOLIC SYNDROME X AND
INFLAMMATION

P. Dandona. SUNY-Buffalo, Buffalo, NY. Sponsor: C. Corton.
Insulin resistance syndrome (IRS), also known as metabolic syndrome, is now well
recognized as a distinct pathological and clinical entity, with multiple significant
ramifications for both the high-risk individual as well as the public health system.
The primary contributory cause is obesity. Common manifestations associated with
IRS may include atherosclerotic heart disease, hypertension, impaired glucose tolerance, dyslipidemia, polycystic ovary syndrome, and hypercoagulability. Infection
and inflammation are commonly associated with insulin resistance, and visceral
obesity is associated with a chronic, low-grade inflammatory state, suggesting that
inflammation may be a potential mechanism whereby obesity leads to insulin resistance. Moreover, adipose tissue is now recognized as an immune organ that secretes numerous immunomodulatory factors and seems to be a significant source of
inflammatory signals known to cause insulin resistance. Therefore, inflammation
within white adipose tissue may be a crucial step contributing to the emergence of
many of the pathologic features that characterize the metabolic syndrome and result
in diabetes and atherosclerosis. This talk describes the molecular basis of IRS and
the role of proinflammatory cytokines and hormones released by adipose tissue in
generating the chronic inflammatory profile associated with visceral obesity.

1506

DIET-INDUCED DIABETES AS A MODULATOR OF
CHEMICAL TOXICITY IN THE LIVER

H. Mehendale. Department of Toxicology, University of Louisiana, Monroe, LA.
Obesity is a predisposing factor for diabetes. Diabetes is a complex disease that
leads to physiological and molecular changes in the liver. In a type 2 diabetes rat
model that closely resembles diabetic patients, usually nonlethal doses of hepatotoxicants such as allyl alcohol, CCl4 or thioacetamide cause 80 to 100% mortality.
Even though liver injury initiated by CCl4 and thioacetamide is the same in nondiabetic and diabetic rats, it progresses only in the latter, ending in hepatic failure,
and death. Hepatomicrosomal CYP2E1, lipid peroxidation, glutathione, and covalent binding of CCl4 and thioacetamide to liver tissue were the same in both
groups, suggesting that bioactivation-based liver injury is not higher in diabetic
rats. Stimulation of compensatory S-phase DNA synthesis and cell division in the
liver were inhibited in the diabetic rats. In contrast, in the non-diabetic rats robust
tissue repair resulted in regression of injury and survival after toxicant exposure. To
investigate the reason for inhibition of S-phase DNA synthesis in diabetic rats after
toxicant challenge, MAPK pathway was investigated (0 to 24 h) after CCl4 challenge. Activation of ERK 1/2 was down regulated while p38 was activated within 3
h in the diabetic rats after CCl4 administration. Cyclin D1 and cyclin dependent
kinase (cdk) 4/6 expression were lower in the diabetic rats compared to the non-diabetic rats after CCl4 administration, resulting in decreased phosphorylation of
retinoblastoma protein (p-pRB). Thioacetamide administration also resulted in
down regulation of cyclin D1 expression and p-pRB in the diabetic rats. Thus,
down regulation of mitogenic signaling in the diabetic rats leads to problems at the
G0/G1 to S-phase, impeding cell division needed for of tissue repair, thereby explaining the progression of liver injury after exposure to hepatotoxicants. In conclusion, type 2 diabetes increases sensitivity to structurally and mechanistically dissimilar hepatotoxicants (CCl4 and thioacetamide) due to accelerated expansion of
liver injury as a consequence of impaired compensatory tissue repair.

1507

OBESITY AND INCREASED SUSCEPTIBILITY TO
CHEMICALLY-INDUCED NEURODEGENERATION

J. O’Callaghan. CDC-NIOSH, Morgantown, WV.
Obesity is a major risk factor associated with a variety of human disorders. While its
involvement in disorders such as diabetes, coronary heart disease and cancer have
been well characterized, it remains to be determined if obesity has a detrimental ef-
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fect on the nervous system. To address this issue we determined whether obesity
serves as a risk factor for neurotoxicity. Model neurotoxicants, methamphetamine
(METH), 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) and kainic acid
(KA), known to cause selective neurodegeneration of anatomically distinct areas of
the brain, were evaluated using two models of obesity, leptin-deficient (ob/ob) mice
and the diet-induced obesity (DIO) mouse model. Administration of METH or
KA resulted in mortality among ob/ob mice but not among their lean littermates.
Assessments of multiple indices neurotoxicity provide a consistent portrait: obese
mice show enhanced neuronal damage and astrogliosis in comparison to their lean
littermates. While METH and MPTP caused striatal dopaminergic nerve terminal
degeneration (decreased striatal dopamine and tyrosine hydroxylase protein) and
astrogliosis (increase in glial fibrillary acidic protein) in the lean mice, these effects
were exacerbated in ob/ob mice. Similarly, exacerbation of neuronal injury after
METH or MPTP was also observed in the DIO model of obesity. Consistent with
the dopaminergic neurotoxicity seen in obese mice, KA caused extensive hippocampal neuronal degeneration, as determined by Fluoro-Jade B staining, decreased microtubule-associated protein 2 immunoreactivity and increased GFAP
only in the ob/ob mice. The neurotoxic outcome in ob/ob mice remained exacerbated even when lean and ob/ob mice were dosed with METH or KA based only
on a lean body mass. Administration of METH or KA also resulted in the upregulation of the mitochondrial uncoupling protein-2 to a greater extent in the ob/ob
mice, an effect known to reduce ATP yield and facilitate oxidative stress and mitochondrial dysfunction. Thus, the obese condition may constitute a potential risk
factor for susceptibility to neurotoxicity/neurodegeneration.

1508

DIET, OBESITY AND CHEMICAL CARCINOGENESIS:
EXPERIMENTAL APPROACHES

S. Hursting. NCI, Rockville, MD. Sponsor: C. Corton.
Calorie restriction (CR) has been shown to increase resistance to chemically-induced cancers, while obesity increases susceptibility to many cancers. Animal models displaying specific genetic susceptibilities for cancer, such as mice deficient in
the p53 or Apc tumor suppressor genes, are useful to determine the relationship between nutrition (particularly energy balance/obesity) and molecular carcinogenesis.
We showed that in p53-/- mice CR increases the latency of spontaneous tumor development (mostly lymphomas) approximately 75%, decreases serum insulin-like
growth factor (IGF)-1 and leptin levels, and induces apoptosis in immature (lymphoma-susceptible) thymocytes. In heterozygous p53-deficient (p53+/-) mice, CR
or a one day/wk fast each significantly delay spontaneous tumor development (a
mix of lymphomas, sarcomas, and epithelial tumors) and decreases serum IGF-1
and leptin levels, even when begun late in life. We have also reported similar effects
in ApcMin mice. We have capitalized on the susceptibility of p53+/- mice to
chronic, low-dose aromatic amine-induced bladder carcinogenesis to develop a
model for evaluating bladder cancer prevention approaches. Using this model, in
combination with mice overexpressing or deficient in IGF-1, we have established
that IGF-1 mediates many, but not all, of the anti-cancer effects of CR. We have
also used oligonucleotide microarrays, in addition to models of diet-induced obesity and treadmill exercise, to characterize diet-gene interactions underlying the effects of energy balance on cancer, and in particular identify genes linked to the diet
or exercise response that are IGF-1 dependent.

1509

THE ROLE OF MAP KINASES IN METAL TOXICITY

A. R. Villalobos. Environmental Medicine, University of Rochester, Rochester, NY.
Mitogen-activated protein kinases (MAPKs) may mediate the cytotoxic responses
and cytoprotective mechanisms elicited by metals, such as Zn, Cd, Cr, and As. The
session will open with a review of the common and unique biochemical properties
of MAPK family members, ERK1/2, ERK5, JNKs, and p38 proteins, activation of
each MAPK cascade by selective stimuli, and the respective down stream targets in
the context of their physiological function. A common cellular response to exposure
to various metals is an altered redox state. The second talk will address direct activation of MAPKs by oxidants, such as hydrogen peroxide, and electrophiles, such as
4-hydroxy-2-nonenal (HNE), an end product of lipid peroxidation. A highlighted
example of MAPKs as mediators of cytoprotective mechanisms recruited in response to oxidative stress will be HNE-induction of g-glutamyl transpeptidase via
ERK1/2 and p38 and of glutamate-cysteine ligase via JNK, two responses critical to
adaptive increases in GSH. The third talk will address MAPKs as mediators of cytotoxic responses triggered specifically by metal-induced oxidative stress. For example, Cr(VI) at toxic concentrations, via ERK1/2 and p38, upregulates p21 and cdc2
and causes degradation of cdc25C, leading to growth arrest at G2/M. The last two
talks will address activation of MAPKs in response to metal exposure irrespective of
changes in redox state, as observed with Zn and Cr(VI) in human airway epithelium. Zn induces activation of ERK1/2, JNK and p38 and the tyrosine kinase receptor, EGFR. Modulation of ERK1/2 and EGFR involves multiple levels of acti-

vation, including EGFR transactivation by Src and metalloprotease activation.
Finally, other studies on airway epithelium have examined signaling pathways by
which Cr(VI), at non-cytotoxic concentrations, selectively induces and silences
genes. Cr stimulates Src family kinases (SFK) Lck and Fyn, but not Src or Yes, and
stimulation of SFKs leads to selective activation of JNK. However, although Cr induces ROS generation, SFK-dependent JNK activation occurs independent of
metal-induced oxidative stress.

1510

MAP KINASE SIGNALING CASCADES

M. H. Cobb. Pharmacology, The University of Texas Southwestern Medical Center at
Dallas, Dallas, TX. Sponsor: A. Villalobos.
The introductory talk will serve as a review of MAP kinase signaling cascades. It will
define the four most prominent groups of MAPKs, ERK1/2, ERK5, c-jun N-terminal kinases (JNKs), and p38 proteins, and describe the fundamental organization
of the three-tiered MAP kinase activation module composed of a MAPK kinase kinase, a MAPK kinase, and a MAPK that is common to each MAPK signaling cascade. The biochemical basis for activation of each MAPK by selective stimuli and
their respective down stream targets (both cytosolic and nuclear) will be discussed
in the context of their physiological function. The potential for these kinase cascades overlap and cross-talk with other signaling elements will be introduced, as a
basis for specific examples described in greater detail in subsequent talks.

1511

MAP KINASE ACTIVATION AND METALS: ALTERED
REDOX STATE OR ENZYME MODIFICATION?

H. J. Forman. UC Merced, Merced, CA. Sponsor: A. Villalobos.
As oxidative stress is a common response to various metals, a review will be presented of the role of MAPKs in the cell’s response to oxidative stress. First, the relationships of physiological cell signaling to redox homeostasis and of cellular dysfunction to oxidative stress will be presented. This will be followed by a
consideration of the chemistry of redox signaling. The role of oxidants generated
through metal-catalyzed reactions will be discussed in terms of potential mechanisms. Highlighted in this discussion will be the mechanisms through which the
MAPK cascades are activated by oxidants and electrophiles specific examples of
which are activation of the JNK pathway by hydrogen peroxide and the activation
of Nrf2 by 4-hydroxy-2-nonenal (HNE). The role of the MAPK pathways as mediators of cytoprotective mechanisms will be illustrated by HNE-induction of
gamma-glutamyl transpeptidase through ERK and p38MAPK and glutamate-cysteine ligase through JNK both of which are key to adaptive increase in glutathione
caused by HNE.

1512

METAL-INDUCED OXIDATIVE STRESS AND CELLULAR
RESPONSES

X. Shi. NIOSH, Morgantown, WV. Sponsor: A. Villalobos.
Reactive oxygen species (ROS) generated by metals play an important role in the
etiology of various diseases and cancers. Metals generate ROS by two general pathways. One is direct interaction of metals with cellular molecules without involvement of signaling transduction. For example, flavenzymes reduce Cr(VI) to Cr(V)
in the presence of NAD(P)H; oxygen is reduced to superoxide radical that generates hydrogen peroxide by dismutation; Cr(VI) also reacts with hydrogen to generate hydroxyl radicals by a Fenton-like reaction. Alternatively, metals may generate
ROS by stimulation of cells; this involves expression of NADPH oxidase by various
signal molecules. Metals may induce various cellular responses by ROS mediated
reactions. For example, Cr(VI) may activate MAPKs and their down stream targets,
such as NF-ΚB and AP-1. NF-ΚB inhibits of Cr(VI)-induced cell death.
Inhibition of NF-ΚB by IKKβ-KM or IKKβ deficiency results in spontaneous
cleavage of Bcl-xL antiapoptotic protein due to elevated caspase-3 activity.
Exogenous antiapoptotic proteins (cIAP1), a caspase inhibitor, partially inhibits
Cr(VI)-induced cell death; thus caspases are involved in Cr(VI)-induced cell death.
In response to Cr(VI), p53 protein is phosphorylated at Ser15 and acetylated at
Lys382. ERK phosphorylates p53 at Ser15 site. Via ERK and p38, Cr(VI) also upregulates p21 and cdc2 and causes degradation of cdc25C, leading to growth arrest
at G2/M. Specific ROS affect specific MAPKs and cell growth regulatory proteins
with different potencies. Cr(VI) induces hypoxia-inducible factor-1 (HIF-1) activity by specific expression of HIF-1α but not HIF-1β subunit and increases vascular
endothelial growth factor (VEGF) expression. p38 signaling is required for Cr(VI)induced HIF-α expression, but PI3-K and ERK are not required for Cr(VI)-induced HIF-1 expression. Hydrogen peroxide is responsible for HIF-1 induction
and VEGF expression. By ROS-mediated mechanisms, As, Ni and V also activate

MAPKs and other oxidative responsive proteins to induce cellular responses, such
as activation of PI3-K/Akt pathway, NF-ΚB, AP-1, p53, nuclear factor of activated
T cells (NFAT), HIF-1, cell cycle arrest, and apoptosis.

1513

ZN2+-INDUCED MAPK AND EGFR ACTIVATION IN
HUMAN AIRWAY EPITHELIAL CELLS (HAEC) ARE
MEDIATED BY PHOSPHATASE INHIBITION

J. M. Samet1, 3, Y. Kim2, T. Tal3, P. Bromberg2, W. Wu2 and L. M. Graves2, 3.
1
Human Studies Division, USEPA, Chapel Hill, NC, 2Center for Environmental
Medicine and Lung Biology, University of North Carolina, Chapel Hill, NC and
3
Curriculum in Toxicology, University of North Carolina, Chapel Hill, NC. Sponsor:
A. Villalobos.
We have previously shown that exposure of cultured human airway epithelial cells
to Zn2+ induces activation of the MAPKs ERK, JNK and P38, as well as the tyrosine kinase receptor EGFR. Studies aimed at identifying the mechanism of signal
initiation in Zn2+-induced MAPK and EGFR phosphorylation have revealed multiple levels of activation, including EGFR transactivation by Src and activation of
metalloproteases. Since Zn2+ acts a potent tyrosine phosphatase activity inhibitor,
we examined the possibility that Zn2+ induces signaling by impairing EGFR- and
MAPK-directed dephosphorylation activities in HAEC. Acute challenge of cultured HAEC with 500 uM Zn2+ resulted in a significant decrease in the rate of dephosphorylation of exogenous P-EGFR relative to controls exposed to media
alone. This effect was observed in lysates prepared from cells exposed to Zn2+ as
well as in intact cells treated with Zn2+. Moreover, diminished dephosphorylation
activity was detected towards auto- as well as trans-phosphorylation sites in the
EGFR. Similarly, ERK2-directed dephosphorylation activity by HAEC lysates was
markedly reduced following treatment of HAEC with Zn2+. These findings suggest that signal transduction events induced by exposure to Zn2+ are initiated not
by the direct induction of kinase activation, but through the inhibition of critical
phosphatases whose activities oppose baseline kinase activity and normally function to maintain signaling quiescence in resting cells. THIS ABSTRACT OF A
PROPOSED PRESENTATION DOES NOT NECESSARILY REFLECT EPA
POLICY.

1514

JNK ACTIVATION BY CHROMIUM IN THE LUNG

A. Barchowsky. Department of Environmental and Occupational Health, University
of Pittsburgh Graduate School of Public Health, Pittsburgh, PA.
Inhaled hexavalent chromium (Cr(VI)) promotes pulmonary diseases through
poorly defined mechanisms that may involve both direct metal interactions with
proteins and indirect signaling through generation of reactive oxygen species
(ROS). Human lung epithelial cells were exposed to non-cytotoxic concentrations
of Cr(VI) to investigate the hypothesis that Cr(VI) selectively activates cell signaling to both induce and silence genes. These studies demonstrated that non-toxic
doses of Cr(VI) stimulated the Src family kinases (SFK) Lck and Fyn, but not Src
or Yes. Stimulation of SFKs led to selective activation of JNK, relative to ERK or
p38 MAP kinase. While Cr(VI) slightly elevated ROS levels, much higher non-selective and toxic levels of exogenous ROS were needed to stimulate SFKs and JNK.
Thiol oxidation and the adaptor protein p130cas (Cas) were common requirements
for Cr(VI) and H2O2 to activate JNK. However, Cr(VI) and H2O2 had differential effects on the SFKs that may account for divergence of the metal and ROS signaling pathways. Finally, Cr(VI), but not H2O2, directly activated purified Fyn in
vitro, which confirmed the selective action of the metal. These data indicate that
Cr(VI), at levels which are relevant to human exposures, selectively stimulates cell
signaling to regulate gene induction and silencing. This selective action of Cr(VI)
does not always require ROS signaling in airway epithelial cells, which suggests a
possible mechanism that distinguishes Cr(VI)-induced diseases from general inflammatory diseases.

1515

ADVANCED TECHNOLOGIES AND APPROACHES FOR
QUANTITATIVE BIOMONITORING FOR CHEMICAL
EXPOSURES

C. Timchalk and T. Karla. Pacific Northwest National Laboratory, Richland, WA.
There is a need to develop sensitive and novel approaches that can be used for biological monitoring of both occupational and environmental exposures to a broadrange of chemical agents, and to rapidly determine the potential implications of
these exposures to human health. This symposium will highlight technology that
focuses on the application of bio-analytical chemistry for assessing low level chemical exposure, coupled to the development of sensitive, selective, rapid, and cost-effective sensors for toxicity screening, biomonitoring, and development of field deployable platforms. These approaches can be applied to identify novel biomarkers
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in experimental animal model systems and in humans using a range of readily obtainable biological matrices. Finally, through the application of advanced computational modeling it may be possible to quantitatively determine dosimetry. The first
speaker will focus on approaches for quantifying biomarkers of low-level chemical
exposures in biological samples obtained from epidemiology studies using mass
spectrometry isotope dilution. The second and third speakers will highlight ongoing research focused on the development of cost-effective toxicity screening methods, and the application of immunoassay based biosensor platforms for biomonitoring. The final two speakers will highlight the potential application of these high
resolution analytical approaches and sensor technologies to assess chemical exposures in real-time through the direct analysis of exhaled breath or saliva for a range
of agents including organic solvents, heavy metals, insecticides, and the application
of physiologically based pharmacokinetic models to assess total exposure and internal target tissue dosimetry. The presentations in this symposium will provide important insight on the value of integrating quantitative sensor technology with traditional biological monitoring approaches to advance our capabilities for chemical
exposure biological monitoring and modeling.

1516

A COMPREHENSIVE BIOMONITORING APPROACH
TO ASSESS EXPOSURES TO NONPERSISTENT
ORGANIC TOXICANT APPLICATION TO GENERAL
EXPOSURE AND HEALTH EFFECTS STUDIES

D. B. Barr. NCEH/DLS, CDC, Atlanta, GA. Sponsor: C. Timchalk.
The majority of the population is justifiably concerned about their exposures to environmental and industrial chemicals and their resulting health outcomes. In order
to solidly evaluate health outcomes associated with exposures, accurate exposure assessment is required. Biological monitoring has become a popular approach for assessing exposures because it integrates all routes of exposures and can provide a better estimate of the absorbed dose. We have developed multiple biological
monitoring methods to provide accurate and precise biological monitoring data to
evaluate population-based and individual exposures and their relation to adverse
health outcomes. Our methods are mass spectrometry-based and use isotope dilution quantification, thus improving the confidence in the measurements. The limits of detection were in the mid pg/mL range with relative recoveries ranging from
97-105%. The relative standard deviations of these methods ranged from 5-20% at
concentrations approaching the limits of detection (LODs) with better precision
well above the LODs. We have used these methods to evaluate exposures in the
general U.S. population and in vulnerable population subgroups. In addition, these
methods have been used as an exposure assessment component in many studies examining health effects in humans. For many of the chemicals measured in the general population, we observed frequent detection and concentrations tended to be
higher in children than in adults and adolescents. We present an overview of our
approach for comprehensive biomonitoring and results of our exposure assessment
and health effect studies.

1517

SCREENING HAZARDOUS INDUSTRIAL CHEMICALS
FOR TOXICITY AND GENOTOXICITY

K. R. Rogers and S. Kailasam. NERL-LV, USEPA, Las Vegas, NV. Sponsor: C.
Timchalk.
Current events have suggested a need for monitoring of potential human exposure
to hazardous chemicals in various environments. The possibility of deliberate or accidental contamination in an industrial setting has further focused this need with
respect to rapid, cost-effective and versatile screening methods. In order to prevent
exposure to these compounds, a general screening approach is suggested to measure
cytotoxicity and genotoxicity using surrogate bioassay systems. A time-integrated
sampling device interfaced with toxicity-based and genotoxicity-based assays is reported for monitoring volatile toxic industrial chemicals (TICs). Semipermeable
membrane devices (SPMDs) using dimethylsulfoxide (DMSO) as the fill solvent
accumulated each of 17 TICs from the vapor phase. Uptake kinetics experiments
for one of these compounds (acrolein) indicated that it was significantly sequestered
(i.e., 10 percent of the 24 hr maximum) in as little as 10 min and was concentrated
by a factor of over 200 for a 24 hr exposure time as measured using both mass and
toxicity assays. The effects of each of the TICs on the Microtox bacterial luminescence assay, the IQ-Tox Daphnia magna fluorescence assay and melting/annealing
analysis for DNA damage were determined. EC50 values (concentration yielding
50 percent inhibition) for both the Microtox and IQ-Tox assays were determined
for each of the compounds analyzed and ranged from 70 nL/L for diketene to 322
µL/L for 1,2-dibromoethane. In addition, seven of the TICs were evaluated for
their ability to damage surrogate (calf thymus) DNA using a simple, rapid and innovative screening technique based on melting/annealing analysis. Of the seven
compounds analyzed, 1,2-dibromoethane caused the greatest assay response.
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APPLICATION OF IMMUNOASSAYS IN HUMAN AND
ENVIRONMENTAL MONITORING

B. D. Hammock, K. Ahn, S. J. Gee, A. Gonzalez, H. Kim, M. Koivunen, M.
Nichkova-Dosev, E. Park and D. Stoutamire. University of Californai, Davis, CA.
In environmental chemistry and monitoring of human health, the apparent
strength of immunoassays is in processing large numbers of samples with minimal
clean up and with a high degree of accuracy and precision. Enzyme linked immunosorbent assays (ELISAs) have dominated the field due to their ease of automation. Several examples will be given demonstrating the power and limitations
of ELISA assays. In most cases we develop immunoassays for the detection of parent toxin as illustrated by assays to TCDD, the herbicides atrazine and paraquat,
and the pyrethroid insecticides. In addition we normally develop immunoassays for
key metabolites. This procedure is well illustrated by atrazine where little if any of
the parent molecule is detected in urine but the mercapturate of atrazine is a dominant metabolite in urine. Recently we demonstrated that the mercapturate was still
a dominant metabolite and thus a useful biomarker even at very low exposures by
monitoring human metabolism of atrazine using accelerator mass spectrometry. In
contrast we were able to use immunoassays for the parent paraquat in human urine
in support of a large epidemiological effort in Costa Rica. The pyrethroid insecticides are now the dominant insecticides in the world with a variety of active ingredients. To address human exposure with this group of compounds we have developed assays for metabolites that are class selective and compound selective.
Although ELISA has proven to be a reliable technique, methods of greater sensitivity and higher sample throughput are needed. Several approaches are being taken in
this laboratory and in collaboration with other groups to improve immunoassays by
using specific peptides as coating antigens, developing biosensor formats, and using
new labels to report antibody binding.

1519

BIOLOGICAL MONITORING USING A COMBINATION
OF EXHALED BREATH ANALYSIS AND PBPK
MODELING

K. D. Thrall. Battelle, Pacific Northwest Division, Richland, WA.
Exhaled breath is an ideal matrix for measuring volatile biomarkers, particularly
since the noninvasive collection method improves participation rates in controlled
human exposure and occupational biomonitoring studies. A real-time, fieldportable system was developed to directly analyze undiluted exhaled air from humans using a mass spectrometer capable of atmospheric sampling. A physiologically
based pharmacokinetic (PBPK) model is used to evaluate the exhaled breath data
and estimate total exposures and internal target tissue dosimetry. This system has
been used to evaluate occupational exposures to volatile compounds in field studies
at several locations. For example, a study at an incinerator in Tennessee, focused on
benzene and toluene exposures, demonstrated the utility of rapidly monitoring
workers for exposures a numerous times throughout the day, particularly when jobspecific tasks indicate a potential for exposure. Compared to the breath analysis
findings, traditional lapel samplers underpredicted exposures. In addition to field
studies, the sensitivity of this system has allowed for the conduct of both animal
and human controlled dermal exposures to low-level compounds in tap water. In
one example, human studies were conducted to evaluate the dermal absorption of
aqueous toluene in tap water at concentrations below the Federal drinking water
maximum contaminant guideline. In these studies, exhaled breath was analyzed
and a PBPK model was used to estimate the dermal permeability coefficients for
each volunteer. In humans, the average permeability coefficient for aqueous toluene
of 0.012 ± 0.007 cm/hr was found to be considerably lower than the coefficient
(0.074 ± 0.005 cm/hr) determined in rats using a similar exposure and analysis
methodology. (Supported by NIEHS 1 P42 ES10338).

1520

NON-INVASIVE BIOMONITORING APPROACHES TO
DETERMINE DOSIMETRY AND RISK FOLLOWING
CHEMICAL EXPOSURE: ANALYSIS OF LEAD AND
ORGANOPHOSPHATE INSECTICIDE IN SALIVA

C. Timchalk, W. Yantasee, G. Liu and Y. Lin. Battelle, Pacific Northwest Division,
Richland, WA.
Approaches are needed to quantify exposures to a broad-range of chemicals and to
rapidly determine the implications to human health. Non-invasive biomonitoring
approaches are being developed using portable analytical systems. Biomonitoring
for lead (Pb) is based upon a blood Pb concentration; however, saliva is suggested as
an alternative biological matrix. Saliva has recently been used to quantify dosimetry
following exposure to the insecticide chlorpyrifos in rats by measuring the major
metabolite, trichloropyridinol (TCP), and saliva cholinesterase inhibition. To advance non-invasive biomonitoring, portable microfluidic/electrochemical devices
are being developed for the rapid analysis of heavy metals, like lead (Pb), or

trichloropyridinol (TCP), based on anodic stripping voltammetry and bioelectrochemical magnetic immunosensing, respectively. These systems demonstrate good
linear response over broad concentration ranges (1 - 2000 ppb). Pharmacokinetic
studies have been conducted in rats to assess the relationship between saliva and
blood (plasma & RBC) Pb and TCP concentrations as a function of dose and time.
For both chemicals, the pharmacokinetics provides a framework for quantifying
dosimetry based on a saliva measurement. Physiologically based pharmacokinetic
(PBPK) models for Pb and chlorpyrifos can then be used to simulate blood and
saliva concentrations. These results suggest that technology developed for non-invasive biomonitoring provides a sensitive, and portable analytical tool capable of assessing exposure in real-time. By coupling these non-invasive technologies with
PBPK modeling it is feasible to quantify exposure to a broad range of chemical
agents involving multiple routes of exposure (i.e. skin, ingestion, inhalation). In
summary, it is envisioned that once fully validated, these monitoring and modeling
approaches will be very useful for accessing human exposure and health risk.
(CDC/NIOSH 1 R01 OH003629-03; NIEHS 1 R01 ES010976-02; and DOE
contract DE-AC05-76RL01830)

1521

THERMOREGULATION AND ITS INFLUENCE ON
TOXICITY ASSESSMENT

J. A. Hotchkiss1 and C. J. Gordon2. 1Toxicology and Environmental Research and
Consulting (TERC), The Dow Chemical Company, Midland, MI and
2
Neurotoxicology Division, US Environmental Protection Agency, Research Triangle
Park, NC.
Temperature is a fundamental factor influencing all aspects of biological systems.
Perhaps because of its simplicity and ubiquitous nature, changes in body temperature are often overlooked, or minimized, when assessing the toxicity of chemicals,
air pollutants, toxins and pharmacologic agents. Rodents in particular can respond
to acute xenobiotic exposure with a regulated reduction in core body temperature
(hypothermia) which can have a major impact on physiological and biochemical
processes of the organism. This acute response is generally beneficial to the animal
because supportive measures to prevent the drop in core body temperature can decrease survival. The impact of toxicant-induced hypothermia is not limited to acute
toxicologic endpoints. Micronucleus formation is routinely used to establish the
potential mutagenicity of a test material. However, hypothermia alone can increase
micronucleus formation, confounding the interpretation of the mutagenic activity
attributed directly to the toxicant from that of the toxicant-induced adaptive hypothermic response. While hypothermia is the predominant thermoregulatory response to toxicant-exposure in rodents, hyperthermia is a frequent observation in
humans following acute exposure to a variety of toxicants. Because humans do not
respond similarly to exposure to toxic agents data extrapolation can be confounded,
increasing the uncertainty of the risk assessment process. Given the complexity and
divergence of these physiologic responses, toxicity data derived from exposures in
rodents should be considered in the context of any chemical-induced effects on
thermoregulation in order to improve predictions of potential human toxicity. This
workshop should be of interest to experimental toxicologists in all disciplines, as
well as individuals involved with pharmaceutical development, human risk assessment, and product regulation and registration.

1522

INTEGRATED THERMOREGULATORY RESPONSES TO
TOXICANTS

C. J. Gordon. Neurotoxicology Division, US Environmental Protection Agency,
Research Triangle Park, NC. Sponsor: J. Hotchkiss.
Since all biochemical and physiological processes are directly affected by temperature, how can one be sure that a particular endpoint that is affected by the toxicant
is not actually an indirect result of a toxicant-induced change in temperature? Many
toxicologists and pharmacologists are cognizant of the temperature-dependency
and may apply corrective measures, such as by raising ambient temperature or by
placing the animal on a heating pad to block a toxicant-induced hypothermia.
However, at the whole-animal level, the toxicity-temperature interactions are complex and cannot always be explained with simple thermal kinetic models. Many
toxicants elicit a regulated reduction in body temperature, meaning that the animal
actively increases heat dissipation by peripheral vasodilation and behaviorally seeking cooler temperatures to lower core temperature. This thermoregulatory response
is beneficial and improves survival and/or recovery from the toxic insult. Preventing
the drop in temperature by raising ambient temperature actually exacerbates the
toxicity of most toxicants when given to rodents. An integrative approach to study
the thermoregulatory response to toxicants is essential to understand the mechanisms of action of the toxicants on thermoregulatory and other physiological
process.

1523

BODY TEMPERATURE CHANGES IN RODENT
INHALATION STUDIES: INDICATOR OF ADVERSE
EFFECT OR RODENT-SPECIFIC ADAPTIVE RESPONSE?

J. Pauluhn. Toxicology Section of Inhalation, Bayer Healthcare AG, Wuppertal,
Germany.
In rodents, reflex reactions occur upon exposure to irritant agents and are considered to be of a protective nature both with regard to reduction of the inhaled dose
and metabolism. The stimulation of sensory nerves located in the upper respiratory
tract is often associated with effects that include changes in respiration, heart rate,
blood pressure, and body temperature. When mice and rats are exposed to the same
atmosphere, changes in respiration and body temperature observed in mice are generally more pronounced and more stable,compared to rats. Some of the uncertainty
regarding the nature and magnitude of extrapulmonary toxicity observed in rodents
following exposure to respiratory tract irritants may be attributable to the modulatory influence of factors affecting the core body temperature. Seemingly routine experimental procedures and fluctuations in ambient temperatures can produce striking changes in these parameters, independent of treatment effects. Despite the
transient nature of the response of rats and mice to irritant exposures, these secondary physiological effects are important for a number of reasons. First, hypothermia
is a common physiologic response of laboratory rodents to toxic insult. Second, the
magnitude of changes in thermoregulatory function may be modulated by a number of experimental conditions or stresses which may differ from one laboratory to
another, confounding the comparison of results across-species and between laboratories. Third, it is unclear whether this physiological response to xenobiotic agents
is unique to rodents or if it also occurs in larger mammals and humans. However,
humans have a greater thermal inertia due to a larger body mass and therefore may
not exhibit this response to any measurable degree. Hence, in addition to the direct
effects of such irritants on the function and the structure of the pulmonary system,
there may be substantial indirect effects related to changes in extrapulmonary parameters which, in turn, may significantly modify the final toxic outcome as a result
of rodent-specific adaptive effects.

1524

THERMOREGULATION: A KEY VARIABLE FOR
INTERPRETING RESULTS FROM THE MOUSE
MICRONUCLEUS TEST

P. J. Spencer, J. M. Grundy, J. M. Waechter and B. Gollapudi. Toxicology &
Environmental Research and Consulting, The Dow Chemical Company, Midland, MI.
The impact of hypothermia on toxicological endpoints was historically restricted to
those of acute toxicology studies. Only recently has hypothermia been identified as
a cause of increased micronuclei (MN) formation where in mice, chemically-induced transient changes in body temperature were documented to result in an increased frequency of MN (Asanami et al., 1998; Asanami & Shimono, 1997).
Similarly, experience in our own laboratory, has demonstrated an association between transient hypothermia and increased frequencies of MN for a number of industrial chemicals administered at high dose levels. Several case studies will be highlighted in the context of the importance and challenges of isolating the direct
effects of a chemical, from the indirect effects of the induced body temperature
changes, on the formation of MN. Understanding the potential effects of transient
body temperature changes on the micronucleus test (MNT) and its relevance for
assessing risk to humans is critical since the MNT is an in vivo assay for which a
high degree of confidence is placed in establishing the potential mutagenicity of a
chemical.

1525

TEMPERATURE AND NEUROTOXICITY - LESSONS
FROM THE AMPHETAMINES

D. B. Miller. Toxicology & Molecular Biology Branch, CDC-NIOSH,
Morgantown, WV.
Toxicity is impacted by many factors - the nature of the agent, the exposure situation and the organism. How the agent or various aspects of testing impact body
temperature are rarely considered when assessing toxicity or its mechanism(s); our
work examining the neurotoxicity of the substituted amphetamines (SAs) (e.g., amphetamine, methamphetamine, MDMA, fenfluramine) illustrate how temperature
factors may affect toxicity. Some SAs induce a profound hyperthermia and early
work examined how body and ambient temperature contributed to the aggregate
toxicity frequently found in rodents but rarely emphasized how altered temperature
might affect other SA toxicities. Recently the neurotoxic potential of the SAs is a
focus because of the popularity of MDMA within the Rave dance culture and interest in its use as a psychotherapy adjunct as well as treatment of ADHD with amphetamine. The SAs are dopaminergic neurotoxicants in the mouse and we showed
how temperature factors contribute because manipulations that alter body or ambient temperature also alter their neurotoxicity. Test factors (strain/species, housing,

SOT 2006 ANNUAL MEETING

311

handling) profoundly impact SA neurotoxicity and confound its assessment.
Restraint stress because of its ability to lower body temperature provided neuroprotection rather than the expected increased toxicity. NMDA receptor antagonists
protect against SA neurotoxicity but the cause is lowered body temperature rather
than reduced glutamatergic signaling. The SAs and extreme hyperthermia induce
distinctly different brain insults suggesting an as yet unknown necessary link between the hyperthermia induced by the SAs and their other actions in their ability
to cause dopaminergic neurotoxicity. Links between temperature and SA neurotoxicity are clearly established but no agreement exists as to how SA temperature modulating aspects figure in the mechanism(s) of toxicity. The relevance of these observations for assessing brain and liver toxicity of the SAs in man is subject to current
debate because of the extreme differences in thermal mass and thermoregulatory
characteristics between man and laboratory species.

1526

IMPACT OF THERMOREGULATION ON
PHARMACOKINETIC PARAMETERS AND
IMPLICATIONS FOR HUMAN TOXICITY ASSESSMENT

P. M. Hinderliter and R. A. Corley. Biological Monitoring and Modeling, Pacific
Northwest National Laboratory, Richland, WA.
Body temperature and thermoregulation can have an important role in interpreting
pharmacokinetic data. Temperature variation can affect the absorption, distribution, metabolism and elimination (ADME) of xenobiotics. The body temperature
change may be induced by the xenobiotic or may be a result of an externally applied
stress. The effects of temperature on pharmacokinetics can be roughly grouped into
two classes: physiological and biochemical. Physiological changes, such as ventilation and perfusion rates, can change the amount of xenobiotic absorbed via inhalation and dermal absorption. Temperature has long been known to be an important
influence on chemical reactions, including enzymatically controlled metabolic
processes. The optimal temperature range for enzymatic reactions can, in fact, be
quite narrow and thus be influenced by xenobiotic-induced thermoregulation. In
addition, transport processes, such as active transport in the gut can be temperature
dependent. Rodents and humans respond differently to xenobiotics and have differing thermoregulatory processes which can complicate the usage of rodent data in
human risk assessment. Rodent thermoregulation may provide a protective effect
that humans are not capable of producing or may change the xenobiotic pharmacokinetics. Thus, understanding species differences in thermoregulation, as specifically related to pharmacokinetics, may change the interpretation of studies where
temperature or thermoregulation effects were noted.

1527

THE RAT H9C2 EMBRYONIC VENTRICULAR
MYOCYTE CELL LINE: AN IN VITRO MODEL FOR
EXAMINING STRIATED MUSCLE TOXICITY

G. H. Searfoss, B. W. Halstead, R. A. Jolly, T. K. Baker, H. Gao, M. A.
Higgins and T. P. Ryan. Investigative Toxicology, Lilly Research laboratories,
Greenfield, IN. Sponsor: C. Thomas.
Compound induced muscle toxicity continues to be an issue in drug development.
Detection of skeletal and cardiac muscle injury often does not occur until longerterm in vivo studies have been undertaken. Therefore an in vitro model and screen
which could be used to evaluate compounds for their potential to induce muscle
injury would allow drug development teams to filter large numbers of compounds
and proceed with molecules with the lowest liability for muscle toxicity. Herein, we
describe the use of the rat H9c2 embryonic ventricular myocyte cell line as an in
vitro model for evaluating cardiac and skeletal muscle toxicity. By altering culturing
conditions H9c2 cells can be directed towards either a skeletal muscle (myotube) or
cardiac myocyte phenotype. Using H9c2 cells, which we differentiated towards a
cardiac phenotype, we were able to demonstrate that H9c2 cells underwent a hypertrophic response when treated with classical cardiac hypertrophy inducers
(Vasopressin, Phenylephrine, Endothelin I and Angiotensin II). We were able to
observe a hypertrophic response in treated H9c2 cells by demonstrating increased
cell size, increased actin staining, and increased protein synthesis, all hallmarks of
cardiac hypertrophy. To evaluate H9c2 cells for their potential use as an in vitro
model for skeletal muscle injury, we differentiated the cells to a skeletal myotube
phenotype and treated with compounds known to be positive or negative for muscle injury. By measuring release of LDH, creatine kinase, AST, and 8-isoprostanes,
as well as selected transcript changes, we were able to bin compounds based on
their potential to induce skeletal muscle injury. In conclusion, based on our pilot
experiments we have demonstrated that the H9c2 rat embryonic ventricular myocyte cell model has potential utility as an in vitro screen for compound induced
muscle toxicity.
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INTERPRETATION OF QT INTERVAL USING HEART
RATE CORRECTION FORMULA IN PRE-CLINICAL
TOXICOLOGY STUDIES

D. Dandekar, L. P. Sheets, S. Ensley, K. Willard, J. Applegate, D. Phipps, P.
McKinney, J. Stroup, S. Fontana and W. Bomann. Bayer CropScience, Stilwell,
KS, KS.
The assessment of potential adverse effects of a drug on cardiac function is a requirement for pre-clinical studies. The effect of a drug on cardiac function can be
determined by evaluating electrocardiogram QT interval prolongation. To interpret
QT interval for drug-induced effects, various published heart rate (HR) correction
formulas are employed across laboratories. These correction formulas are derived to
assist with the interpretation of QT interval in human subjects, conscious dogs or
anesthetized dogs. Since the choice of correction formula can alter the outcome, it
is very important to select the most appropriate formula to evaluate QT interval in
the dog. Data collected from six GLP studies with Beagle dogs (83/sex; 5-9 months
old) were used to compare QT interval and HR correlation. Paired ECG and HR
data from leads I, II, and III were recorded using an ECG Analyzer. Five published
QTc formulas were used to correct the QT interval. Linear regression analysis for
QT or QT (corrected)=HR was performed using SigmaPlot statistical analysis software to determine the percentage of the variability (R squared value; R2) for uncorrected QT and for each QTc interval. Regression analysis showed that for our laboratory, uncorrected QT interval has a superior correlation with HR for male and
female dogs (R2 = 0.231 and 0.221 respectively), compared to the QTc v/s HR.
The method of the QT interval correction suggested by Kawataki et al. or Van de
Water had a statistically-significant correlation only in males (R2 = 0.072 and
0.073 respectively) and Bazett’s method had a statistically-significant correlation
only in females (R2 = 0.146). These results suggest that each laboratory should
evaluate their own data to determine which, if any, correction formula should be
used to evaluate QT data at their facility.

1529

USE OF A FAILING RABBIT HEART AS A MODEL TO
PREDICT TORSADOGENICITY

A. Kijtawornrat1, Y. Nishijima1, 2, B. Roche2, B. Keene2, 3 and R. Hamlin1, 2.
1
Department of Veterinary Biosciences, The Ohio State University, Columbus, OH,
2
QTest Labs, Inc., Columbus, OH and 3Department of Veterinary Clinical Sciences,
North Carolina State University, Raleigh, NC. Sponsor: M. Hejtmancik.
Because humans with cardiovascular disease have an increase predilection for developing torsade de pointes, this study was designed to determine if rabbits with failing hearts developed greater lengthening of QTc and have a greater tendency to develop torsade de pointes than normal rabbits. Twenty eight out of 28 rabbits
developed significant reduction in left ventricular shortening fraction 4 weeks after
ligation of coronary arteries (p<0.01). Studies were performed on rabbits anesthetized with ketamine (35 mg/kg) and xylazine (5 mg/kg). When exposed to escalating dose of dofetilide (5, 10, 20, 40 µg/kg/10min), clofilium (250, 600, 2000
nM/kg/10min), and cisapride (0.25, 0.5, 1.0mg/kg/10min), verapamil (0.25, 0.5,
1.0 mg/kg/10min), amiodarone (3, 10, 30 mg/kg/10min), and quinidine (3, 10,
30 mg/kg/10 min), QTc lengthened more for rabbits with heart failure than for
normals. Rabbits with heart failure developed torsade de pointes when infuse with
escalating doses of dofetilide (85%), clofilium (100%), and cisapride (50%)
whereas fewer of the normal rabbits did 25%, 33% and 0%, respectively. None of
rabbits develop TdP when expose to amiodarone, verapamil and quinidine. Thus
this model of rabbits with a failing heart is useful for identifying not only lengthening of QTc but also predilection for developing torsade de pointes.

1530

RELIABILITY OF TELEMETRY IN COMMON
MARMOSETS FOR EVALUATION OF DRUG-INDUCED
QT INTERVAL PROLONGATION

T. Hara, S. Sone, N. Shishido, S. Kuramoto, K. Nakano, H. Onodera, M.
Tabo, K. Kimura and K. Kobayashi. CHUGAI Pharmaceutical Co., LTD.,
Kamakura shi, Kanagawa, Japan. Sponsor: T. Sugimoto.
QT interval prolongation is recently one of the major concerns in drug development because it is generally considered to be a surrogate marker for increased risk of
Torsades de Pointes. We have been evaluating telemetry in the common marmoset,
similar in body weight to rat, in order to reduce the amount of compound required
for studies using cynomolgus monkeys or dogs.
In the present study, in order to confirm the reliability of a telemetry system using
the common marmoset for evaluating human risk, we examined QT interval and
plasma concentration profiles in the common marmoset from both high-risk and
low-risk drugs for human. We used 4 conscious marmosets (2 males and 2 females,
2–3 years of age, approx. 300–400 g in weight) with implanted transmitters
(TL11M2-C-50 PXT, DSI).

Four QT interval correction formulas (Bazett’s, Fridericia’s, Van de Water’s, and
Matsunaga’s) were examined based on a regression analysis of RR and QT intervals
obtained from non-treatment animals (1 male and 2 females). Astemizole (10 and
30 mg/kg) and d,l-sotalol (5 and 15 mg/kg), and d,l-propranolol (30 mg/kg) and
nifedipine (30 mg/kg) were used as high risk and low risk drugs in human, respectively. All compounds were administered orally and singly. Plasma concentration
was analyzed by LC-MS/MS, and the plasma protein binding ratio was obtained
with an equilibrium dialysis assay.
Fridericia’s formula was found to be the most suitable of the formulas and was used
for further evaluation of drug-induced QT prolongation in this study. QT prolongation was seen in all of the abovementioned dosages of astemizole and d,l-sotalol,
but was not observed in propranolol even at 30 mg/kg in which the Cmax was approx.17-fold higher than in clinical exposure, or in nifedipine, even when the heart
rate showed an increase of approx. 1.5-fold compared with the vehicle administration group. These results suggest that the common marmoset is useful in the evaluation of human risk of drug-induced lethal arrhythmia.

1531

NALTREXONE HYDROCHLORIDE: A CARDIOVASCULAR
TELEMETRY STUDY IN THE UNRESTRAINED NAÏVE
MALE CYNOMOLGUS MONKEY

J. C. Tigner1, H. Penton2, H. Ibrahim1 and N. Leblond2. 1Purdue Pharma,
Ardsley, NY and 2Toxicology, Charles River Laboratories Preclinical Montréal,
Senneville, QC, Canada.
Abstract: Naltrexone hydrochloride was administered to cynomolgus monkeys
using a 4x4 Latin Square Crossover paradigm to investigate the potential pharmacological effects on the cardiovascular system following a single oral gavage administration. Each of four male monkeys received an oral dose of vehicle and 10 mg/kg,
30 mg/kg, and 90 mg/kg of test article with seven days between each dose. The following were evaluated: clinical/pharmacotoxic signs, arterial blood pressures (mean
arterial pressure, systolic and diastolic blood pressure), heart rate, body temperature, electrocardiographic intervals and qualitative evaluation of the electrocardiographic waveforms at 15 and 30 minutes, 1, 1.5, 2, 3, 4, 5, 6, 10, 12, 24 hours following treatment. QT interval corrected for heart rate was obtained by calculating
each 5-minute mean on dosing days using the equation QTc = QT – M(RR-500).
On each dose occasion, blood samples were taken from each animal predose and at
approximately 0.5, 1, 2, 4, 6, 10, 12 and 24 hours post dose for toxicokinetic analyses of naltrexone and 6 β-naltrexol. No drug-related clinical or pharmacotoxic signs
were observed for any animal. There were no drug-related effects on body temperature, arterial blood pressure (mean, systolic or diastolic) at any dosage, and quantitative analysis of the electrocardiogram showed no drug-related changes.
Qualitative evaluation of ECG tracings by a veterinary cardiologist showed no evidence of drug-induced waveform abnormalities or arrhythmias. The Tmax for naltrexone and 6 β-naltrexol is approximately 0.7 hours. Mean Cmax values for the 90
mg/kg group were 2084 ng/ml for naltrexone and 3872 ng/ml for 6 β-naltrexol.
AUC values (over 24 hours) for the high dose group were 4709 ngh/ml for naltrexone and 10,563 ngh/ml for 6 β-naltrexol.

1532

EVALUATION OF THE USE OF TIME-SYNCHRONIZED
VIDEO RECORDING IN DRUG SAFETY ASSESSMENT:
APPLICATION TO QT PROLONGATION STUDIES

E. L. Bijaoui, V. Benadava, P. Hua, D. Dreptate, S. Lascu, Y. Del Sindaco, V.
Ripoll, O. Cochelin, M. Lemanissier, J. Darche, H. Moutot and P. Zitoun.
NOTOCORD Systems, Croissy sur Seine, France. Sponsor: L. Kinter.
The use of telemetry systems is recommended by regulatory authorities in Safety
Pharmacology including in vivo QT prolongation and behavioral studies. These
types of systems are also conducive for inclusion in Toxicology chronic studies. The
acquisition of long-term, high quality data in Toxicology studies may limit the requirement for separate Safety Pharmacology studies, thus leading to an overall reduction in animals, as well as refined additional pharmacological parameters from
the same animals. However, these studies are often complicated by electrical and external (e.g. human presence, animal movement) noise. Our goal is to evaluate the
importance of synchronized video recording as a tool for investigating the relationship between QT duration and animal behavior in long-term telemetry studies. We
recorded ECG signals along with integrated video data from eight dogs instrumented for telemetry and over a 1- up to 3-hour period. We showed that the analysis of video following the observation of ECG can help differentiate between a
physiological and a pathological change in ECG waveform morphology or interval
durations. The analysis of video prior to the one of ECG signal showed that an abnormal change in the animal status or behavior can be associated with an alteration
of the ECG signal. We believe that synchronized video recording can provide a
more predictive ECG analysis and can be used for coupling QT analysis with behavioral studies for one animal alone or in a group. This advanced tool can easily be
used in large (e.g. dogs, non human primates) as well as in small animals (rodents).

1533

APPLICATION OF A NON-INVASIVE TELEMETRY
SYSTEM FOR ELECTROCARDIOGRAM ASSESSMENT
IN A DOG TOXICOLOGY STUDY

J. Schofield, N. McMahon, M. Coulson, T. Hammond and J. Valentin. Safety
Assessment, AstraZeneca R&D, Macclesfield, United Kingdom.
A Project Team with a candidate drug entering development, had some concerns regarding cardiovascular liability on chronic dosing. The 1-month, repeat dose dog
toxicity study would, therefore, need to address this issue prior to first dose in man.
To allow a thorough high quality examination of the electrocardiogram (ECG), a
non-invasive, GLP-compliant telemetry system (EMKA Technologies, France) was
utilized, to allow a standard toxicology study profile to be maintained, whilst
recording ambulatory ECGs. Over a three-week pre-study period the dogs were acclimatised to wearing the telemetry jackets. On each recording occasion ECG data
was acquired from 30 min pre-dose (baseline) to 22h post-dose from all 24 main
test animals (4 groups, 3 dogs per sex; vehicle, low, mid and high dose) once prestudy and on days 2 and 28. On the recording days each dog had external electrodes
positioned on the hemi-thorax in a Lead II configuration, secured, then fitted with
jackets containing the transmitters and returned to a pen containing an EMKA antenna. Heart rate, PR, QRS, QT, QTcV (Van de Waters) intervals were derived for
1 minute averages, every 5 minutes, at defined time-points over the recording period and compared to time-matched vehicle data. No effects were observed in the
compound treated animals when compared to vehicle, after 28 days of dosing. In
conclusion, application of non-invasive telemetry system in a 1-month dog toxicology study enabled a high quality temporal ECG assessment with the definition of
no observed effect level for ECG parameters. Therefore, non-invasive telemetry is
an appropriate method for ECG assessment on regulatory toxicity studies in dogs.

1534

ASSESSMENT OF THE IMPACT OF CARDIOTOXICITY
DIAGNOSIS BY TROPONIN AND GENOMICS
MEASURES

R. Dunn, P. Nordone, S. Thukral, L. Healy, E. Galambos, P. Sabitsana, A.
Fosdick, J. Urgino, R. Hu, M. Cosenza and C. Afshari. Comparative Biology and
Safety Sciences, Amgen, Thousand Oaks, CA.
The aim of the present work was to assess the ability of multiple endpoints to thoroughly address cardiotoxicity. The study design was intended to capture classical
toxicity endpoints (hematology, clinical chemistry, and histology) in addition to
cardiac transcriptional changes and measurement of cardiac troponins (TnT). The
twofold value of including a concomitant genomics evaluation lies in adding mechanistic information as well as possibly elucidating novel candidate biomarkers.
Paradigm cardiotoxins were tested for their ability to induce cardiotoxicity by different mechanisms in male S-D rats. Rats (3-4/group) were treated daily for 4 days
with the following compounds (mg/kg): isoproterenol (ISO, 0.05, 0.5), hydralazine, (HYD, 2.5, 25), orciprenaline (ORC, 0.5, 5), minoxidil (MIN, 300
mg/kg), cyclophosphamide (CPA, 30, 100), and allylamine (AA, 40, 80). Serum
TnT was measured 4 hours following each dose and 24 hours after the last dose
using the Bioveris TnT assay. Rats treated with ISO, ORC, HYD, and AA exhibited time-dependent elevations in cardiac troponin t. Histological changes were
noted in rats treated with ISO, AA, and HYD. Despite changes in TnT levels and
histologic changes in AA and HYD-treated rats, the animals generally exhibited no
other clinical signs. These initial results led to an additional hypothesis where it was
proposed that the changes in TnT could be accompanied by transcriptional alterations and these data will be summarized. In summary, male rats did not exhibit
changes in TnT following CPA or MIN; but did respond to ISO, ORC, HYD, and
AA albeit by distinct time courses. Thus changes in serum TnT may prove useful to
assess differential time courses of cardiotoxicity and the correlation of these data
with histological and transcriptional changes may provide insight into cardiotoxicity elicited by different mechanisms.

1535

ZEBRAFISH: A PREDICTIVE MODEL FOR ASSESSING
CARDIOTOXICITY OF DRUG CANDIDATES

C. Ton, C. Willett, N. Roy, Y. Lin, C. Parng and P. McGrath. Phylonix
Pharmaceuticals, Inc., Cambridge, MA. Sponsor: L. Costa.
Cardiotoxicity is the leading cause of drug withdrawal and a major reason for delays
during clinical trials. As highlighted by the recent withdrawal of Merck’s arthritic
pain blockbuster, Vioxx, problems associated with cardiotoxicity represent a serious
threat to patient safety and the financial stability of the biopharmaceutical industry.
We are developing a rapid, cost-effective, predictive assay system to assess drug induced cardiotoxicity using zebrafish as a model organism. The transparency of zebrafish provides direct accessibility for assessing cardiac functions, including: heart
rate, rhythmicity, contractility, and circulation in real time without use of complicated telemetric implants.
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In recent research using zebrafish, we demonstrated that pharmacologic response to
10 well-characterized cardiotoxicants is similar to response in humans. Drugs that
elicited cardiomyopathy, arrhythmia, negative inotropic effects, or QT prolongation in humans also caused bradycardia, decreased contractility, and slow circulation in zebrafish. Zebrafish rapidly responded to potent inotropic effectors and exhibited bradycardia, irregular rhythmicity, weak contractility, and slow circulation.
At sublethal concentrations (~100 µM for mitoxantrone, terfenadine,
clomipramine and thioridazine), hemorrhage, and edema were also observed. In zebrafish, acute atrioventricular block (A/V= 2/1 to 4/1) was observed after treatment
with drugs that caused arrhythmia and QT prolongation in humans, but not after
treatment with classes of drugs that cause cardiomyopathy, mild ion imbalance, or
coronary vasospasm. The acute atrioventricular block can be used as an index to
predict drug-induced arrhythmia and QT prolongation in humans. Severe impairment of cardiac function after treatment with terfenadine and clomipramine resulted in formation of edema and hemorrhage, arrested heart beat and even death.
These results indicate that the zebrafish exhibits cardiac toxicity comparable to humans and is a predictive model for drug induced cardiotoxicity in humans.

1536

DIOXIN AND DIABETES: DOES THE CURRENT
WEIGHT OF EVIDENCE DEMONSTRATE A
RELATIONSHIP?

M. Gough3, D. J. Paustenbach4, B. D. Kerger1, H. Leung2, P. Scott6 and M.
Harris5. 1HSRI, Inc., Tallahassee, FL, 2Consultant, Danbury, CT, 3Consultant,
Bethesda, MD, 4ChemRisk, San Francisco, CA, 5ChemRisk, Houston, TX and
6
ChemRisk, Pittsburgh, PA.
Studies of United States veterans exposed to 2,3,7,8-tetrachlordibenzo-p-dioxin
(TCDD) during Operation Ranch Hand in Vietnam suggest an apparent association between increasing blood lipid TCDD and increased insulin sensitivity or fasting serum glucose. However, overall rates of diabetes mellitus were essentially identical in exposed and comparison populations in the Ranch Hand study. An
evaluation of mean fasting serum glucose in the NIOSH dioxin cohort did not reveal associations with blood lipid TCDD, and other dioxin-exposed cohorts to date
have not affirmed these Ranch Hand study findings. We review dose-response
trends in cohorts with markedly elevated TCDD levels and in cohorts with lower
TCDD levels, and explore the potential influence of confounding variables such as
age, obesity, and family history of diabetes. We also examine the potential influence
of concentration- and age-dependent toxicokinetics on possible TCDD-diabetes
associations. Although a substantial concentration-dependent influence is unlikely
for the Ranch Hand cohort, the age-dependent toxicokinetic model predicts that
greater age and greater adipose volume lead to greater retention of TCDD body
burden (i.e., longer half life). Since greater age and adipose volume (i.e., obesity) are
strongly correlated with diabetes risk, the observed TCDD-diabetes association
could be artifactual and/or due to inadvertent selection bias within the Ranch
Hand study populations. The similar diabetes incidence trends in the Ranch Hand
exposed and comparison groups and the absence of supporting evidence in more
highly exposed populations makes the TCDD-diabetes association somewhat tenuous. Further studies are needed to clearly discern any meaningful TCDD dose-related trends from inherently correlated diabetes risk factors.

1537

ALTERATION IN CARCINOGENIC POTENCY OF
PCB126 BY PCB153 FOLLOWING CHRONIC EXPOSURE
IN FEMALE RATS

N. J. Walker1, M. E. Wyde1, M. Easterling2, A. Nyska1, C. R. Portier1 and J. R.
Bucher1. 1Environmental Toxicology Program, NIEHS, Research Triangle Park, NC
and 2Constella Group, Research Triangle Park, NC.
The dioxin Toxic Equivalency Factor (TEF) approach is currently used worldwide
for assessing and managing the risks posed by exposure to mixtures of polychlorinated dibenzodioxins (PCDDs), dibenzofurans (PCDFs) and biphenyls (PCBs).
While the TEF approach is only applied to dioxin-like PCBs (non-ortho and mono
ortho substituted PCBs), previous studies have shown the potential for interactions
between different classes of PCBs for nonneoplastic responses. To test for interactions between dioxin-like and non dioxin like PCBs for carcinogenic responses, the
National Toxicology Program conducted multiple 2–year rodent bioassays in female Harlan Sprague Dawley rats examining the carcinogenicity of PCB126,
PCB153 and a binary mixture of PCB126 and PCB153. Chronic exposure to
PCB126 or the mixture of PCB126+PCB153 led to treatment related increased incidences of cholangiocarcinoma and hepatocellular neoplasms in the liver, cystic
keratinizing epithelioma of the lung and gingival squamous cell carcinoma of the
oral mucosa. In contrast, chronic exposure to PCB153 led to only marginal increases in cholangioma of the liver. Statistically based, dose-response modeling was
used to evaluate the dose-responses for induction of both neoplastic and non neo-
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plastic effects seen in these studies, and to test for interactions between compounds
within mixture. In comparison to PCB 126 alone, a higher potency of carcinogenicity of PCB126/PCB153 was observed for cholangiocarcinoma and hepatocellular adenoma. In contrast, a lower potency of the mixture of PCB126 +PCB153
was observed for cystic keratinizing epithelioma of the lung. These data indicate
that interactions between different classes of PCBS can occur for neoplastic responses and may impact upon the interpretation of the predicted “dioxin-like” carcinogenic activity of mixtures of PCBs.

1538

RELATIVE CARCINOGENIC POTENCY OF PCB 126
AND PECDF IN DERMALLY EXPOSED FEMALE TG.AC
MICE

M. E. Wyde1, A. Nyska1, M. Vallant1, L. M. Fomby2, M. Hejtmancik2, M.
Easterling3, J. R. Bucher1 and N. J. Walker1. 1NIEHS, Research Triangle Park, NC,
2
Battelle, Columbus, OH and 3Constella Group, Research Triangle Park, NC.
The Toxic Equivalency Factor (TEF) methodology was developed to assess the cancer risk posed by complex mixtures of dioxin-like compounds and is based on the
relative potency of these compounds with respect to 2,3,7,8-tetrachlorodibenzo-pdioxin (TCDD), the most potent congener. Tg.AC mice develop epidermal neoplasms in response to oral or dermal treatment with TCDD following a considerably shorter duration of exposure than in traditional bioassays. To evaluate the use
of the Tg.AC mouse as a biologically-based model for the prediction of relative potency for other dioxin-like chemicals, the induction of epidermal neoplasms was
determined for the dioxin-like compounds 3,3,4,4,5-pentachlorobiphenyl (PCB
126) and 2,3,4,7,8-pentachlorodibenzofuran (PeCDF). Total TCDD equivalent
(TEQ) doses were selected for PCB 126 and PeCDF based on the established TEF
values of 0.1 and 0.5, respectively. Female Tg.AC mice were dermally exposed three
times a week for 26 weeks to PCB 126, PeCDF, or a 1:1 (TEQ) mixture of PCB
126 and PeCDF at average daily doses of 0, 15, 52, 154, and 326 ng/kg/day. The
incidences of cutaneous papillomas and squamous cell carcinomas were increased
in a dose-dependent manner for PCB 126, PeCDF, and the mixture, without an effect on the time of tumor onset for any of the compounds. Based on dose-response
modeling for papilloma formation in the Tg.AC mouse, the relative potency of
PCB 126 was lower and PeCDF was higher than the WHO established TEF values.
These data are in contrast to relative carcinogenic potencies in female SpragueDawley rats, which were consistent with 0.1 for PCB 126, and lower than 0.5 for
PeCDF. These differences may reflect differences in potency due to the route of administration and/or species differences in sensitivity.
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DISRUPTION OF SALT-HANDLING IN THE
DEVELOPING MOUSE KIDNEY AS A POSSIBLE CAUSE
OF 2,3,7,8-TETRACHLORODIBENZO-P-DIOXININDCUD HYDRONEPHROSIS

N. Nishimura1, 2, J. Yonemoto1, H. Nishimura3, C. F. Vogel2, F. Matsumura2
and C. Tohyama4. 1Nat’l INST.. for Environment Studies, Tsukuba, Ibaraki, Japan,
2
Center for Environmental Health Sciences, University. of California, Davis, Davis,
CA, 3Aichi Mizuho University., Toyota, Japan and 4Graduate School of Medicine,
University of Tokyo, Tokyo, Japan.
Hydronephrosis is a typical hallmark of teratogenicity of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) in the fetus and newborns, that has been recognized since 1970s. Since the etiology of TCDD-induced hydronephrosis is still
largely unknown, the present study was undertaken to clarify the mechanism of this
toxicity. Pregnant mice were given a single oral dose of 10 µg TCDD/kg on postnatal day (PND) 1, and pups exposed to TCDD through milk were sacrificed on
PNDs 7, 14, and 21. Histopathological study clearly showed that TCDD produced
neither hyperplastic lesions of renal tubular epithelium nor the occlusion of the
lumen. Abnormally elevated levels of electrolytes in urine and polyuria were detected in TCDD-exposed pups. Real-time PCR analyses showed that, in the kidney
of the TCDD-exposed pups, several genes that are known to be involved in salt
handling in the thick ascending limb of Henle’s loop and distal convoluted tubules,
such as K+ (ROMK) channel and sodium potassium 2 chloride cotransporter
(NKCC2) were down-regulated markedly on PND 7 whereas a drastic induction in
gene expression of cyclooxygenase-2 (COX-2) mRNA was observed in developing
kidney on PND 7 in response to TCDD exposure. Immunohistochemical examinations demonstrated COX-2 protein to be restricted in macula densa and the distal convoluted tubules with greater staining intensity in TCDD-treated pups.
Taken together, the present results shed a light into the mechanism pathogenesis of
hydronephrosis caused by TCDD and suggested the possibility that the impaired
salt transport pathway via an induced COX-2 is responsible for TCDD-induced
hydronephrosis.

1540

CHARACTERIZATION OF HUMAN HEPATOCYTE
RESPONSES TO TCDD, PCB 126, AND AROCLOR 1254
USING DNA MICROARRAYS

K. Illouz1, J. Silkworth1, A. Koganti2, A. Possolo1, T. R. Sutter3, S. Goodwin3
and S. B. Hamilton4. 1Global Research Center, General Electric, Niskayuna, NY,
2
IN VITRO Technologies, Inc., Baltimore, MD, 3Feinstone Center for Genomic
Research, University of Memphis, Memphis, TN and 4Corporate Environmental
Programs, General Electric, Fairfield, CT.
Characterization of how human cells respond to environmental chemicals may improve the accuracy of current animal-based risk assessment models. Using fresh
human hepatocytes and DNA microarray technology, one can simultaneously
monitor the influences of multiple factors on human gene expression. We characterized the human response to three AhR ligands, TCDD, PCB 126, and
Aroclor1254 and also sampled the human diversity in this response. Fresh hepatocytes from three human donors were treated with several concentrations of each
chemical for two days. RNA was hybrized to Affymetrix U133A human genome
microarrays. Using a novel statistical approach to analyze changes in gene expression, genes were sorted according to whether expression changed by more than 2fold, either up or down, at p<0.0001. This yielded 12 possible response types when
chemicals or donors were compared. Since these compounds induce cytochrome
P450 1A (CYP1A), the expressions of all other genes were compared at treatment
levels that produced similar submaximal induction levels of CYP1A1 of about 20fold. Preliminary results show that AhR regulated genes were consistently induced
by these chemicals in each donor and also among the three donors, but additional
co-expressed genes were also observed. The data also show that for each human
donor, TCDD induced a unique set of genes not similarly influenced by either
PCB 126 or Aroclor 1254. These genes were not generally shared among the
donors. Conversely, Aroclor 1254 and PCB126 each induced unique gene sets not
influenced by TCDD. These results suggest that each of these chemicals can influence unique gene sets even when CYP 1A1 expression is similar. The significance of
these genes on the overall response needs further investigation.
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DEVELOPMENT OF MORE APPROPRIATE PCB AND
DIOXIN RISK TEF VALUES BY USING FRESH HUMAN
AND ANIMAL HEPATOCYTES

J. Silkworth1, A. Koganti2, K. Illouz1, A. Possolo1, M. Zhao1 and S. B.
Hamilton3. 1Global Research Center, General Electric, Niskayuna, NY, 2IN VITRO
Technologies, Inc., Baltimore, MD and 3Corporate Environmental Programs, General
Electric, Fairfield, CT.
Human health risks from exposures 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD)
and related chemicals are typically estimated from results from animal studies.
Since these compounds induce cytochrome P450 1A (CYP1A) gene expression,
this biomarker of exposure is often used in risk calculations even though the association between P450 induction and toxic endpoints is uncertain. Although many of
the molecular aspects of the AhR have been characterized, there is little information
on whether humans respond to dioxin and dioxin-like PCBs in a manner similar to
animals. We characterized CYP1A gene expression in cultures of fresh hepatocytes
from human donors, rats, and rhesus monkeys and HepG2 human hepatoma cells.
We exposed the cells to three aryl hydrocarbon receptor (AhR) ligands of current
environmental interest and measured 7-ethoxyresorufin-O-deethylase (EROD) activity and concentrations of CYP1A1 and CYP1A2 mRNA. We found that human
cells are about 10-1000 times less sensitive to TCDD, 3,3’,4,4’,5-pentachlorobiphenyl (PCB 126), and Aroclor 1254 than rat and monkey cells; that relative potencies among these chemicals are different across species; and that gene expression
thresholds exist for these chemicals. A newly calculated rat-human interspecies relative potency factor for PCB 126 is 0.0009. This is more than 100 times lower than
the current WHO rodent-derived TEF value of 0.1. Our findings highlight the
substantial uncertainties that arise when using experimental animal data to extrapolate to potential human health risks. We propose that human-derived values be
used to improve the accuracy of estimates of human health risks. Implementation
of this methodology could substantially reduce the uncertainty associated with the
extrapolation of data from test animals to humans in human health risk assessment.
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EFEECTS OF POLYBROMINATED DIPHENYL ETHERS
ON PROSTATE CELL LINES

R. Garcia Boy, L. Robertson and G. Ludewig. Occupational and Environmental
Health, University of Iowa, Iowa City, IA.
Commercial mixtures of polybrominated diphenyl ethers (PBDEs), notably penta, octa- and deca-BDE, are widely used as flame retardants. Although they bioaccumulate in fish, breast milk, and human tissues, only few studies have been done to
elucidate their toxicity and threat to human health. The acute toxicity of PBDEs
seems to be low compared to polychlorinated biphenyls (PCBs). While these were

shown to induce cytochromes P450 and elevate the levels of reactive oxygen species
(ROS), the effect of PBDEs has been in dispute, possibly suggesting agonistic
and/or antagonistic activities. Since halogenated compounds have been associated
with prostate cancer risk, we decided to study PBDEs’ effects on these endpoints in
prostate cell lines, the human cell lines, PC-3 and LNCaP, and rat prostate cell
lines, NRP152 and NRP154. Only the penta-BDE mixture produced cytotoxicity
at concentrations of 50 µM and higher, while neither octa-BDE nor deca-BDE had
an impact on cell viability. The capacity to induce oxidative stress, as determined
using the DCFH-DA assay, decreased from penta- to octa- to deca-BDE. Elevated
ROS levels were found especially in cells incubated with lower PBDE concentrations (1-10 µM). While the basic CYP activity is low in all four cell lines, PC-3 cells
are especially responsive to CYP1A1 induction by b-naphthoflavone. EROD, a
CYP1A1 activity, was increased up to 17-fold compared to control, which was accompanied by increased penta-BDE toxicity. In all four cell lines, pre-incubation
with b-naphthoflavone resulted in an increased baseline level of ROS, while ROS
levels remained unchanged after induction of CYP2B with Phenobarbital. PBDEs
had only small effects on CYP activities. Our results strongly suggest that PBDEs,
independent of their effects on CYPs, stimulate the generation of intracellular
ROS, which may cause DNA damage, and should thus be subject to further research for possible implications in pathological processes and carcinogenesis.
(Supported by CHEEC, DAMD17-02-1-0241, R-82902102 from EPA, ES07380
and ES05605 from NIEHS)
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POLYBROMINATED DIPHENYL ETHERS (PBDES)
ANTAGONIZE TCDD INDUCED CYP1A1 ACTIVITY IN
VARIOUS IN VITRO SYSTEMS

A. K. Peters1, S. Nijmeijer1, B. Zhao2, A. Bergman3, T. Sanderson1, 2, M.
Denison2 and M. van den Berg1. 1IRAS, University of Utrecht, Utrecht, Netherlands,
2
University of California Davis, Davis, CA and 3University of Stockholm, Stockholm,
Sweden.
Polybrominated diphenylethers (PBDEs) are used as additive flame-retardants in a
wide range of products. Some PBDE congeners are persistent in the environment,
have lipophilic properties and consequently bioaccumulate. During the last
decades, PBDE concentrations increased in biota and abiota, more recently these
concentrations are leveling off. Structural similarity of certain PBDE congeners to
other polyhalogenated aromatic hydrocarbons such as PCBs has raised concerns
that these could act as agonists for the Ah receptor (AhR). Recent studies in our laboratory have indicated that the most common PBDEs do not act as AhR agonists,
measured as induction of CYP1A1 activity (EROD). In this study we assessed the
possible interaction between BDE47, 77, 99, 100, 153, 154, and 183 and AhR mediated EROD activity by TCDD in various in vitro models. These interactions were
studied in human breast carcinoma (MCF-7), human hepatoma (HepG2), rat hepatoma (H4IIE) cells and hepatocytes from Cynomolgus monkeys (Macaca fascicularis). In addition, two stably transfected rodent cell lines with an AhR-responsive
enhanced green fluorescent protein (EGFP) reporter gene (H1G1.1c3 mouse and
H4G1.1c2 rat hepatoma) were used to study AhR-dependent expression of EGFP
and EROD activity.
In all in vitro systems, a concentration-dependent decrease in TCDD-induced
(0.001-2.5 nM) EROD activity and a decrease of EGFP expression were observed
when cells were co-incubated with the chosen PBDEs (0.01-10 µM), though quantitative differences were apparent. Additional transient transfections with an AhRGal4 construct in HepG2 cells furthermore supported these findings. The reduction in TCDD-induced CYP1A1 activity was not caused by cytotoxicity or
catalytic inhibition. Our results indicate that PBDEs are able to interfere with AhR
mediated processes like TCDD-induced CYP1A1 activity in rodent and human cell
lines as well as in primary primate hepatocytes.

1544

POLYBROMINATED DIPHENYL ETHERS (PBDES) IN
THE USA: ADULT AND FETAL HUMAN TISSUE LEVELS,
FOOD LEVELS, MILK AND BLOOD PARTITIONING,
AND ENVIRONMENTAL SAMPLING

A. J. Schecter1, O. Paepke2, K. Tung1 and J. Ryan3. 1Environmental Sciences,
University of Texas School of Public Health, Dallas, TX, 2Eurofins ERGO Laboratory,
Hamburg, Germany and 3Health Canada, Ottawa, ON, Canada.
Polybrominated diphenyl ethers (PBDEs) are common flame retardants. They are
believed to be toxic in a fashion similar to PCBs. They have been found at increasing levels in humans in Europe and in the USA the past few decades. We measured
in a congener specific fashion levels in US human milk, archived and recent US
blood, fetal livers, and environmental samples. Levels in US human blood (4.6 to
366 ppb lipid wt) and milk (6.2 to 419 ppb lipid wt) are orders of magnitude
higher than European levels. Archived human blood from 1973 had non detectable
levels, which documents substantial increase during the past 3 decades. Levels in
household vacuum sweepings (705 to 69,000 ppb dry wt) and in computer casing
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wipe samples (77, 248, 403, 1536 ppb dry wt) are higher in the USA than elsewhere. Human blood and milk range from approximately 4 to 400 ppb, lipid, in
human blood and milk currently in our samples from over 100 persons to date.
Supermarket laboratory findings show fish highest in PBDEs followed by meat and
dairy products. However, estimates of US dietary consumption show meat to be a
larger source of dietary PBDEs than fish. Fatty fish such as salmon, and bottom
dwelling fish such as catfish were found high in PBDEs. Cooking with fat dripped
off could sometimes reduce total PBDEs in a food sample. Household vacuum
sweepings were high in PBDE levels, higher than in other countries, and household
drier lint considerably lower than vacuum sweepings. Computer casing wipes were
also found high in PBDE levels. Environmental samples frequently had BDE 209
predominating whereas biological samples frequently had BDE 47 dominant.

1545

DI(N-BUTYL) PHTHALATE AND DIETHYLHEXYL
PHTHALATE IN COMBINATION ALTER SEXUAL
DIFFERENTIATION IN A CUMULATIVE MANNER AS A
RESULT OF DEPRESSED FETAL TESTOSTERONE
PRODUCTION AND INSL3 GENE EXPRESSION IN
MALE RATS

K. L. Howdeshell1, 2, J. Furr2, C. R. Lambright2, V. S. Wilson2 and L. Gray2.
1
NCSU/USEPA Cooperative Training Agreement CT826512010, North Carolina
State University, Raleigh, NC and 2Reproductive Toxicology Division, NHEERL,
ORD, USEPA, Research Triangle Park, NC.
Plasticizers di(n-butyl) phthalate (DBP) and diehtylhexyl phthalate (DEHP) have
similar modes of action: in utero exposure reduces testosterone (T) production in
fetal male rats, inhibits reproductive tract differentiation, and induces reproductive
organ malformations. In utero exposure to DBP or DEHP also decreases expression
of insulin-like factor 3 (insl3), a hormone responsible for gubernacular ligament development. We hypothesized that (1) co-administered DBP and DEHP would act
in a cumulative fashion to induce reproductive malformations, and (2) cumulative
changes in fetal steroid hormones and expression of genes responsible for insl3 and
steroid production would enhance the incidence of reproductive malformations in
adulthood. Pregnant rats were gavaged on gestation days (GD) 14-18 with vehicle
control, 500 mg/kg DBP and/or DEHP. In experiment one, adult male offspring
were necropsied, and reproductive malformations and androgen-dependent organ
weights were recorded. In experiment two, GD18 fetal testes were incubated for T
production, and processed for gene expression by qrtPCR. The DBP+DEHP dose
increased the incidence of reproductive malformations in a cumulative fashion with
the chemicals acting in an additive manner. Androgen-dependent organ weights
also exhibited decreases in the DBP+DEHP combination dose. Fetal T, and the expression of insl3 and genes in the steroidogenic pathway (steroidogenic acute regulatory protein and cyp11a) were significantly reduced by DEHP and further decreased by the DBP+DEHP dose. These data indicate that individual
anti-androgenic phthalates with a similar mode of action can elicit cumulative effects on fetal testis hormone production and reproductive tract differentiation
when administered as a mixture. Disclaimer: This abstract does not necessarily reflect EPA policy.

1546

ROLE OF CYTOCHROME P450C17α IN
DIBROMOACETIC ACID-INDUCED TESTICULAR
TOXICITY IN RATS

E. Blomme, R. Ciurlionis, I. Milicic, T. Carr, K. Whitney, T. Miller, J.
Baranowski, J. Waring and M. Strakhova. Abbott Labs, Abbott Park, IL.
Dibromoacetic acid (DBAA) is a disinfection by-product found in finished waters.
Testicular toxicity induced by DBAA is well described and characterized by altered
spermiation, distortion of late spermatids, formation of atypical residual bodies and
fusion of spermatids. The mechanism underlying this toxicity is not understood;
however, because of the nature of the morphologic changes, DBAA is considered a
Sertoli cell toxicant. In this study, we analyzed gene expression data generated with
microarrays (Affymetrix RAE230A) from testes to generate a mechanistic understanding of DBAA-induced testicular toxicity. Testes were collected from male CD
rats (n = 4) treated orally for 1 and 4 days with DBAA at 250 mg/kg/day. At both
time points, DBAA treatment induced delayed spermiation in Stage X tubules and
regulated the expression of a relatively low number of genes. However, DBAA treatment was associated with a moderate, consistent downregulation of cytochrome
P450c17α (CYP17), an enzyme expressed by Leydig cells and essential for the normal production of testicular androgens. To evaluate whether the downregulation of
CYP17 mRNA levels had any significant biological consequences, testicular testosterone levels of DBAA-treated rats were quantified using a radioimmunoassay and
found to be 30-40% lower than those of control rats. Testosterone production by
human chorionic gonadotrophin (hCG)-stimulated rat primary Leydig cells was,
however, not reduced following treatment with 10 or 100 µM DBAA.
Furthermore, DBAA did not show direct inhibition of CYP17 activity and, follow-
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ing treatment of rats for 4 days with DBAA at 250 mg/kg/day, testicular-derived
microsomal 17α-hydroxylase Vmax was not decreased compared to controls.
Collectively, these results indicate that DBAA treatment of rats is associated with a
biologically significant decrease in testicular CYP17 expression that results in decreased testicular testosterone production and that may, at least in part, lead to
failed spermiation.

1547

ESTROGEN DIRECTLY ENHANCES RECOVERY FROM
RADIATION-INDUCED SPERMATOGONIAL ARREST IN
RAT TESTES

K. Porter, G. Shetty, G. A. Shuttlesworth and M. L. Meistrich. Experimental
Radiation Oncology, U.T. M.D. Anderson Cancer Center, Houston, TX.
After irradiation of LBNF1 rat testes, the surviving spermatogonia proliferate but
die by apoptosis instead of undergoing differentiation. Suppression of intratesticular testosterone (ITT) and serum FSH with GnRH antagonists or exogenous estradiol (E2) can restore spermatogonial differentiation. Experiments were performed
to determine whether the suppression of ITT by E2 can explain the recovery of
spermatogenesis or whether estrogen acts by another mechanism. Irradiated rats
were treated with GnRH antagonist and some of the rats also were given combinations of exogenous testosterone (T), E2, or flutamide. GnRH antagonist treatment
stimulated spermatogonial differentiation, increasing the percentage of tubules
with differentiated germ cells (tubule differentiation index, TDI) from 0.1% in untreated irradiated rats to 8%. E2 treatment further increased the TDI to 39%, possibly due to a reduction of ITT from 7 ng/g with GnRH antagonist treatment
down to 3 ng/g. However, E2 treatment also resulted in an increase in serum FSH,
which inhibits spermatogenesis in ITT suppressed rats. The addition of flutamide
and T to GnRH antagonist treatment resulted in a TDI of 13% and an ITT of 9
ng/g, indicating that flutamide was able to block the effect of T. However, addition
of E2 raised TDI to 27%, and since the action of T was blocked, E2 acted via a
mechanism apart from suppression of ITT. The data from several experiments were
analyzed by plotting the TDI versus ITT or serum FSH concentrations. This was
done separately for groups not treated with flutamide and groups that received flutamide treatment. In all of these plots, points from groups of animals with E2 treatment were along a regression curve that was higher on the TDI axis than groups of
rats without E2 treatment, indicating that E2 has a direct effect on spermatogonial
differentiation beyond suppression of ITT levels or modulation of FSH. Further
studies are needed to elucidate the mechanism of estrogen-induced enhancement of
spermatogonial recovery.

1548

FK506, AN INHIBITOR TO CALCINEURIN,
AMELIORATES TESTICULAR DAMAGE DUE TO
CADMIUM IN MICE

L. Martin1, H. Chen1, H. Allayee3, X. Liao1, D. Shih2, G. Lee1, D. Hovland4,
R. Hess5, K. Carnes5, R. Cantor2, 6, J. Lusis2 and M. Collins1. 1Molecular
Toxicology, UCLA, Los Angeles, CA, 2Human Genetics, UCLA, Los Angeles, CA,
3
USC, Los Angeles, CA, 4Amgen, Thousand Oaks, CA, 5Veterinary Biosciences,
University of Illinois, Urbana, IL and 6Pediatrics, UCLA, Los Angeles, CA.
Cadmium is a naturally occurring heavy metal that damages the kidneys, liver,
lungs, pancreas, testes, prostate and placenta in humans and other mammals.
Occupational exposure occurs in battery manufacturing, smelting, and electroplating industries, while tobacco smoke is the most important environmental exposure.
Within six hours of a cadmium injection, testicular damage in mice includes interstitial edema, hemorrhage, and changes in the seminiferous tubules affecting sperm
cells and their precursors. Necrosis is evident by 48 hours. A project to map a gene
that participates in this pathway, named the cdm gene, led us to consider a serine
threonine phosphatase, Calcineurin A alpha as a candidate. We found that FK506,
an immunosuppressant that inhibits Calcineurin, ameliorated testicular damage
due to cadmium if injected at the right dose and timing prior to cadmium injection. FK506 significantly decreased edema, hemorrhage and damage to spermatogenesis, but did not decrease levels of cadmium in the testes as detected by ICPMS. Immunohistochemistry found delocalization due to cadmium of Calcineurin
and other proteins that are associated with the membranes of round spermatids as
well as endothelial tissue in the testis. This delocalization was reversed with FK506.
Western blots found an additional 37-39 kD isoform of Calcineurin in the testes
and preliminary data suggests that different Calcineurin isoforms in the testis may
be affected differently by cadmium. Since a zinc transporter gene in the region has
recently been published by another lab as the cdm gene, it is likely that Calcineurin
A alpha is not the cdm gene. The amelioration of damage by FK506, nevertheless,
indicates that Calcineurin may participate in one of the pathways by which cadmium induces reproductive toxicity in mammals.

1549

OPPOSING EFFECTS OF GLUTATHIONE (GSH)
DEPLETION AND FOLLICLE STIMULATING
HORMONE (FSH) ON APOPTOSIS AND REACTIVE
OXYGEN SPECIES (ROS) IN CULTURED ANTRAL
FOLLICLES
M. M. Tsai-Turton1 and U. Luderer2, 1. 1Community and Environmental
Medicine, University of California, Irvine, CA and 2Medicine, University of
California, Irvine, CA.
Supplementation of antral follicle cultures with GSH prevents apoptosis as effectively as treatment with FSH. Depletion of GSH causes apoptosis in some cell
types. We hypothesized that 1) GSH depletion overcomes the anti-apoptotic effect
of FSH in cultured antral follicles, and 2) ROS initiate apoptosis in antral follicles
cultured without gonadotropin support. Antral follicles were isolated from ovaries
of PMSG-primed immature rats. Some follicles were processed at the time of dissection (0h), while others were cultured for 2, 4, 8, 12, 24, or 48h, with one of
three treatments: 1) serum-free medium, 2) 75 ng/ml ovine FSH, or 3) FSH + 100
µM buthionine sulfoximine (BSO), a specific inhibitor of GSH synthesis. Total
GSH concentrations were measured using a modified Tietze assay. Apoptosis was
assessed by TUNEL, activated caspase-3 immunohistochemistry, and agarose gel
electrophoresis. ROS were detected in whole follicles using confocal microscopy
and two dyes, dichlorofluorescin diacetate or dihydrorhodamine 123. GSH levels
declined in follicles cultured in serum-free medium. FSH treatment increased GSH
to levels higher than those observed in follicles at 0h. BSO suppressed GSH to undetectable levels. Granulosa and theca cell apoptosis increased in a time-dependent
manner upon culture without gonadotropin. Treatment with FSH suppressed granulosa cell apoptosis, whereas the addition of BSO partially and significantly reversed the protective effect of FSH on granulosa cell apoptosis. Follicular ROS levels were significantly increased by 4h after the initiation of culture without
gonadotropin support and remained elevated. FSH significantly suppressed ROS
production, and BSO treatment partially overcame this suppression of ROS by
FSH. These findings suggest 1) a role for GSH in mediating the anti-apoptotic effects of FSH on granulosa cells of antral follicles, and 2) a role for ROS in initiating
apoptosis in antral follicles. Supported by NIH K08-ES10963.

1550

OVOTOXICITY INDUCED BY 7,12DIMETHYLBENZ[A]ANTHRACENE IN A B6C3F1
MOUSE OVARIAN CULTURE SYSTEM
K. Rajapaksa1, I. Sipes2 and P. B. Hoyer1. 1Physiology, University of Arizona,
Tucson, AZ and 2Pharmacology, University of Arizona, Tucson, AZ.
The polycyclic aromatic hydrocarbon, 7,12-dimethylbenz[a]anthracene (DMBA),
a known carcinogen destroys ovarian primordial, primary and secondary follicles.
The disruption of follicles is attributed to bioactivation of DMBA to a 3,4-diol1,2-epoxide via CYP 1B1 and mEH. Studies have shown that the ovary expresses
catalytically active CYP 450 isoforms and mEH. This study was designed to characterize DMBA induced ovarian effects by determining a concentration and time
course of ovotoxicity in an in vitro ovarian culture system. Ovaries from post natal
day 4 (PND4) B6C3F1 mice were incubated with vehicle medium (DMSO), or
DMBA (0.5, 0.625, 0.75, 1nM) for 15d; and 0, 6, 12, 24, 48, and 96h at 1nM.
Following incubation ovaries were prepared for histological evaluation and follicles
in every 12th section were classified and counted. Following 15d incubation follicles in DMSO control were: primordial, 251.4±23.35; small primary, 85.4±4.73;
large primary, 5.2±1.39; secondary, 2.8±1.39. At that time follicles of all sizes were
depleted at every concentration of DMBA. All follicle populations present in the
PND4 ovary were significantly reduced (p<0.05) at 96h of incubation with 1nM
DMBA compared to 0h control, or 6, and 12h incubation with 1nM DMBA.
Primordial follicle loss (p<0.05) was seen within 24h of incubation with 1nM
DMBA (0h, 303.67±60.73; 24h, 145.67±34.97; 96h, 30.25±12.95). Small primaries were reduced (p<0.05) by 96h of incubation (0h, 82.33±19.22; 96h,
32.25±7.03). Large primary follicle loss (p<0.05) was detected within 24h of incubation (0h, 14.33±2.33; 24h, 5±2.08; 48h, 5.67±1.20; 96h, 0). Secondary follicles
were not present in these ovaries. These data demonstrate that DMBA is ovotoxic
to all follicle populations present in the PND4 ovary starting at 96h (4d) of incubation. Thus, these observations along with previous studies support that the
PND4 mouse ovary is capable of bioactivating DMBA to its ovotoxic form.
(Supported by ES09246)
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TEMPORAL RESPONSE OF GENE EXPRESSION TO
ACUTE EXPOSURE TO 17 α-ETHYNYL ESTRADIOL IN
THE IMMATURE RAT UTERUS
J. M. Naciff, G. J. Overman, S. M. Torontali, G. J. Carr, L. M. Foertsch, Z. S.
Khambatta, J. P. Tiesman and G. P. Daston. Central Product Safety, Procter &
Gamble Company, Cincinnati, OH.
The rat uterus responds to acute estrogen treatment with a series of well characterized physiological responses. However limited understanding exists regarding the
gene expression changes required to elicit these responses and their temporal se-

quence. We evaluated the temporal gene expression in the uterus of the immature
rat after a single dose of 17 α-ethynyl estradiol (EE) by microarray analysis, evaluating the expression of 15,923 genes. Immature 20 days old rats were exposed to a
single dose of EE, 10 µg/kg BW and the effect on the histology, gravimetric parameters and gene expression levels were determined after 1, 2, 8, 24, 48, 72 and 96 h.
With this approach we determined that a single dose of EE induces changes in the
expression of 3,867 genes of the immature rat uterus, at one or more time points
(p≤0.0001), and at least 1.5 fold (up- or down-regulated). Of the 15,923 rat annotated genes and ESTs evaluated, the expression of 26, 215, 2772, 1968, 356, 430,
and 174 genes is modified after 1, 2, 8, 24, 48, 72 or 96 hours of exposure to 10
µg/kg EE respectively, in a robust and reproducible way (p≤0.0001, t Test). At the
histological and gravimetric level, a clear uterotrophic response is elicited by EE
after only 8 h, reaching a maximum after 24 h and remains detectable even after 96
h of exposure. In all, these results indicate that the uterine response to exposure to
an ER agonist involves changes in the transcriptional status of various genes, which
could be classified as immediate-early, immediate-late, late, and sustained. From
the annotation available, it is evident that the product of the EE-regulated genes
here identified, have physiological roles in different intracellular pathways. We have
generated a compendium of genes which represents the largest compilation of estrogen-responsive genes that has ever been identified for the immature uterus. This
information will be useful to better define the estrogen mechanism of action.
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CULTURED MAMMARY EPITHELIAL CELLS DISPLAY
IMPAIRED DIFFERENTIATION AND ENHANCED
PROLIFERATION WHEN EXPOSED TO THE ARYL
HYDROCARBON RECEPTOR (AHR) AGONIST TCDD
B. Lawrence1, 2 and B. A. Vorderstrasse1, 2. 1Pharmaceutical Sciences, Washington
State University, Pullman, WA and 2Center for Reproductive Biology, Washington
State University, Pullman, WA.
Mammary tissue is sensitive to perturbation by exposure to AhR agonists, particularly when exposure occurs during active periods of glandular differentiation. Our
laboratory has described perturbation of pregnancy-induced mammary differentiation, wherein 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) treatment of pregnant
mice resulted in suppressed branching, reduced formation of alveolar structures,
and diminished expression of milk proteins. We hypothesize that these defects result from a direct toxic insult to mammary epithelial cells (MEC). To explore the effects of AhR activation on MEC, we used the non-tumorigenic mouse MEC line
SCp2. When cultured under appropriate conditions, SCp2 cells form alveolar-like
structures, extend ductal processes, and produce the milk protein β-casein. When
SCp2 cells were cultured on Matrigel and stimulated with lactogenic hormones in
the presence of 1nM TCDD, their differentiation was inhibited. Specifically,
TCDD exposure resulted in reduced formation of alveolar structures and ductal
processes, and ablated β-casein production. Remarkably, these results parallel our
observations from in vivo studies, and support our hypothesis that MEC are direct
targets of TCDD. However, we also observed that when SCp2 cells were grown directly on plastic, without Matrigel or hormone stimulation, TCDD treatment
caused a 1.5-fold increase in the number of cells recovered. Exploration into the
mechanism of this increased cell recovery demonstrated that TCDD treatment
both reduced apoptosis and enhanced proliferation. In summary, it is reasonable
that AhR activation disrupts mammary differentiation, at least in part, via direct effects on MEC. Observed dysregulation of proliferation and apoptosis provides tantalizing evidence for a link between AhR activation and tumorigenesis.

1553

POLYBROMINATED DIPHENYL ETHERS STIMULATE
THE RELEASE OF PRO-INFLAMMATORY CYTOKINES
FROM TERM HUMAN GESTATIONAL MEMBRANES
K. A. Brant, N. W. Thiex and R. Loch Caruso. Environmental Health Sciences,
University of Michigan, Ann Arbor, MI.
Polybrominated diphenyl ethers (PBDEs) are emerging toxicants of concern due to
their widespread use in consumer products and their persistent contamination of
environmental media, wildlife and humans. Moreover, there is evidence that
PBDEs cross the placenta into the fetus, raising concerns about adverse reproductive health effects from PBDEs. Because increased intrauterine cytokine production
is associated with both term and preterm labor, we investigated whether the most
prominent PBDE congeners detected in human blood and breast milk (BDE-47,
99, 100 and 153) stimulate production of pro-inflammatory cytokines in gestational tissues. Amnion fibroblast cells (hAFC) and chorion trophoblast cells
(hCTC) were cultured from human term, non-laboring extra-placental membranes. Cells were treated with PBDE congeners or 0.1% DMSO (solvent controls), and levels of IL-6 and TNFα were measured by enzyme immunoassay.
PBDEs stimulated the release of IL-6 from cultured hAFC in a concentration-dependent manner. After a 24-h exposure, 10 µM BDE-47, 60 µM BDE-47 and 60
µM BDE-100 markedly increased IL-6 release compared with non-treated and solvent controls (p<0.05). Likewise, exposure for 24 h to 10 µM of the PBDE congeners BDE-99, BDE-100 or BDE-153 more than doubled the release of TNFα
from cultured hCTC compared with solvent controls (p<0.05). These data show
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that PBDEs stimulated release of the pro-inflammatory cytokines IL-6 and TNFα.
Because these cytokines have been linked with increased prostaglandin release from
gestational membranes and onset of term and preterm labor, these results support
the need for further investigations of potential risks that PBDEs may pose to pregnant women.

1554

NANO-TIO2 ANATASE PARTICLES VS. RUTILE
PARTICLES: A CYTOTOXICITY AND INFLAMMATORY
RESPONSE STUDY WITH HUMAN DERMAL
FIBROBLASTS AND HUMAN LUNG EPITHELIAL CELLS
C. M. Sayes1, D. B. Warheit2, K. D. Ausman1 and V. L. Colvin1. 1Chemistry, Rice
University, Houston, TX and 2DuPont Haskell LAB., DuPont, Newark, DE.
Titanium dioxide on the nanoscale is an important chemical substance in commerce today. Depending on its crystalline phase, however, nano-TiO2 particles
may possess different properties. The objectives of this study were to correlate the
photocatalytic properties and reactive oxygen species generation of nano-TiO2 particles in its anatase, anatase/rutile, and rutile phases with the cytotoxic response and
production of inflammatory mediators in human dermal fibroblasts and immortalized human lung epithelial cells. A dose range of 0-10,000 ppm of nano-TiO2 particles and varying exposure times provided evidence of both dose-response and
time-course relationships. A differential cytotoxicity relationship was observed in
nano-TiO2 particles of different preparation methods and crystallinity. Each of the
nano-TiO2 particle types exhibited differing reactive oxygen species generation,
and thus different photocatalytic degradation efficiencies. Correlations were established for each variable. Nano-TiO2 particles in the anatase phase photodegraded
Congo Red dye most efficiently, produced the most ROS, and produced the largest
cytotoxic response in human dermal fibroblasts and immortalized human lung epithelial cells. When comparing TiO2 samples on the nanoscale, kinetic results indicate that nano-TiO2 anatase particles are a superior photocatalyst to rutile because
of differences inherent in the crystal structures of the two phases, not because of
anatase’s typically higher specific surface area.
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RELATIONSHIP BETWEEN PULMONARY EXPOSURE
TO MULTIPLE DOSES OF SINGLE WALL CARBON
NANOTUBES AND ATHEROSCLEROSIS IN APOE-/MOUSE MODEL
Z. J. Li, R. Chapman, T. Hulderman, R. Salmen, A. Shvedova, M. I. Luster
and P. P. Simeonova. HELD/TMBB, NIOSH, Morgantown, WV.
Epidemiological studies are demonstrating a link between exposure to air pollutants
and cardiopulmonary diseases. Recent studies showed that single installation of single wall carbon nanotubes (SWCNT) into the lung of C57BL/6 mice results in pulmonary granuloma formation and fibrosis. We demonstrated that this response is
associated with dose-dependent oxidative effects including mitochondrial DNA
damage and protein carbonyl formation in the aortic tissue. Consistently, SWCNT
exposure induces similar oxidative modifications in the aortic tissue of ApoE-/mice. The chronic vascular oxidative modifications might lead to accelerated atherosclerosis. To test this hypothesis, ApoE-/- mice (10 mice per treatment) were exposed by pharyngeal aspiration to SWCNT (20 ug/mouse) or vehicle via multiple
exposures (once every other week for 8 weeks). The mice were on a chow diet for
four weeks followed by four weeks on a cocoa butter diet (TD 88051; Harlan). At
the end of the exposure period the lungs and the atherosclerotic lesions were assessed histopathologically. The experimental treatment resulted in nanotube accumulation in the lung and foci of granuloma formation accompanied with different
degree of inflammatory and fibrotic responses. The percent of plaque area in the
aortas, measured by en face method, was significantly increased in the SWCNTtreated mice (p<0.01). Furthermore, a significant increase in atherosclerotic lesion
size was demonstrated by histopatological morphometrical analysis of serial sections
of the brachiocephalic arteries (p<0.001). The body weight, plasma high/low density cholesterol, and liver enzymes were similar between the controls and the treated
mice. In conclusion, pulmonary exposure to multiple doses of SWCNT induces severe lung toxicity and accelerates the progression of atherosclerosis in ApoE-/- mice.
The atherogenic effects might be a result of low-grade systemic inflammatory responses related to the lung toxicity and/or translocation of nanotubes into the systemic circulation.
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SINGLE WALL CARBON NANOTUBES INDUCE
OXIDATIVE STRESS, ACUTE INFLAMMATION, AND
PROGRESSIVE PULMONARY FIBROSIS
E. Kisin1, A. R. Murray2, V. Castranova1, V. E. Kagan3 and A. A. Shvedova1.
1
PPRB, NIOSH, Morgantown, WV, 2WVU, Morgantown, WV and 3University of
Pittsburgh, Pittsburgh, PA.
Among different types of nano-particles, single-walled carbon nanotubes
(SWCNT) with their unique electronic and mechanical properties may also exhibit
unique biological interactions, thus necessitating studies of their health effects.
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Previously, we reported that exposure of human bronchial epithelial cells to
SWCNT induced oxidative stress, depletion of antioxidants, morphological
changes, and cytotoxicity. In the current study, we investigated pulmonary toxicity
of SWCNT after pharyngeal aspiration by C57BL/6 mice. Administration of
SWCNT to C57BL/6 mice resulted in a dose-dependent augmentation of biomarkers of cell injury and oxidative stress quantified by cell counts, total protein,
lactate dehydrogenase and γ-glutamyltranspeptidase activities, as well as reduced
levels of GSH and total antioxidant reserves along with the accumulation of lipid
peroxidation products found in bronchoalveolar lavage (BAL) fluid and in the lung.
Markers of pulmonary cytotoxicity were associated with early development of acute
inflammation, collagen accumulation, and progressive fibrosis. Maximal increase of
TGF-β in BAL fluid occurred on day 7 after the exposure of mice to SWCNT and
corresponded to a peak of macrophage content as well as robust collagen formation
and impaired pulmonary functions. Exposure to SWCNT in mice maintained on a
vitamin E deficient diet significantly enhanced collagen deposition as compared to
the vitamin E sufficient group. Overall, our data suggest that pharyngeal aspiration
of SWCNT elicited a robust acute inflammatory response with early onset of progressive pulmonary fibrosis whose expression and severity was associated with the
intensity of oxidative stress in the lung of the exposed C57BL/6 mice.
Acknowledgements: supported by NIOSH OH008282, NORA 92700Y.
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OXIDATIVE INTERACTIONS OF SINGLE WALLED
CARBON NANOTUBES WITH RAW 264.7
MACROPHAGES: ROLE OF IRON

A. A. Shvedova1, A. I. Potapovich2, A. N. Osipov2, Y. Y. Tyurina2, E. Kisin1, D.
Schwegler-Berry1, R. Mercer1, V. Castranova1 and V. E. Kagan2. 1PPRB, NIOSH,
Morgantown, WV and 2University of Pittsburgh, Pittsburgh, PA.
Single-walled carbon nanotubes (SWCNT) have unique physico-chemical properties and may exhibit unusual interactions with cells, thus necessitating studies of
their toxicity. Manufactured SWCNT usually contain significant amounts of iron
that may act as a catalyst of oxidative stress. Because macrophages are the primary
responders to different particles that initiate and propagate inflammatory reactions
and oxidative stress, we utilized two types of SWCNT: 1) iron-rich (non-purified)
SWCNT (26 weight% of iron) and 2) iron-stripped (purified) SWCNT (0.23
weight% of iron) to study their interactions with RAW 264.7 macrophages.
Ultrasonication resulted in predominantly well-dispersed and separated SWCNT
strands as evidenced by scanning electron microscopy. Neither purified nor nonpurifed SWCNT were able to generate intracellular production of superoxide radicals or nitric oxide in RAW 264.7 macrophages as documented by flow cytometry.
SWCNT with different iron content displayed different redox activity in a cell-free
model system as revealed by EPR-detectable formation of ascorbate radicals. Co-incubation of zymosan-stimulated RAW 264.7 macrophages with non-purifed ironrich SWCNT generated more hydroxyl radicals (documented by EPR spin-trapping with 5,5-dimethyl-1-pyrroline-N-oxide, DMPO) than with purified
SWCNT. Similarly, in the presence of zymosan-stimulated RAW 264.7
macrophages, non-purified SWCNT more effectively converted superoxide radicals
generated by xanthine oxidase/xanthine into hydroxyl radicals as compared to purified SWCNT. Iron-rich SWCNT caused significant loss of intracellular GSH and
accumulation of lipid hydroperoxides in zymosan-stimulated RAW 264.7
macrophages. Thus, iron in SWCNT may be important in determining redox-dependent responses of macrophages. Supported by NIOSH OH008282, NORA
92700Y.
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THE CYTOTOXICITY AND CYTOTOXIC MECHANISMS
OF CERIUM OXIDE NANOPARTICLES AGAINST LUNG
CANCER CELLS

Y. Ma1, W. Lin1, Y. Huang2, X. Zhou3 and P. Nam1. 1Department of Chemistry
and Environmental Research Center for Emerging Contaminants, University of
Missouri-Rolla, Rolla, MO, 2Department of Biological Sciences and Environmental
Research Center for Emerging Contaminants, University of Missouri-Rolla, Rolla, MO
and 3Pacific Northwest National Laboratory, Ricjland, WA.
With the fast growth of nanotechnology, nanoparticles have been widely used in
products of human daily living. However, there is a significant lack of information
about potential toxicity of these products, especially metal oxide nanoparticles. In
this study, we have investigated the cytotoxicity of the cerium oxide (CeO2)
nanoparticles using human lung cancer cells. About 2×105 cells were plated in T-75
flasks and dosed with different concentrations of nanoparticle solutions prepared
by dispersing nanoparticles in cell medium and followed by sonication for 5 min.
After 24 hours of exposure, the experiments were terminated and the cell viability
in each flask was measured by a sulforhodamine B (SRB) method. The experimental results showed that the cell viability decreased with increase of nanoparticle concentrations, the viability of cells exposed by 15µM, 45µM and 100µM were about
94.1%, 86.6%, and 75.2% individually. To study the cytotoxicity mechanism, the

cells and cell medium were collected after 1, 2, and 3 days exposure to CeO2
nanoparticles. Biomarkers of oxidative stress such as GSH, GSSG, and MDA were
determined by appropriate methods. After 24 h exposure, the GSH levels of control
and 3 dosed samples were 4.0, 2.6, 1.5, and 1.1nmol/(mg protein), respectively.
The results suggest that oxidative stress may be involved in the mechanism of cytotoxicity of CeO2 nanoparticle. The detailed data on cytotoxicity and cytotoxic
mechanisms of the cerium oxide nanoparticles will be presented in the conference.
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ASSESSMENT OF MANGANESE NANOPARTICLE (MN40NM) IN PC12 CELLS

A. Javorina1, 3, H. Duhart2, S. F. Ali2, J. J. Schlager1 and S. M. Hussain1.
1
Applied Biotechnology Branch, Human Effectiveness Directorate, Air Force Research
Laboratory, Wright-Patterson AFB, OH, 2Division of Neurotoxicology, National
Center for Toxicological Research, Jefferson, AR and 3Oak Ridge Institute for Science
and Education, Oak Ridge, TN.
This study was designed to investigate whether manganese nanosize 40nm particles
induce dopamine (DA) depletion in PC12 cells. The cells were exposed to various
(0-100µg/ml) concentrations of Mn-40nm, Mn-acetate and Ag-15nm for 24
hours. After exposure, MTT and neurotransmitters such as DOPAC, HVA,
5HIAA, 5HT and DA were measured to examine the toxicity and changes in levels
of neurotransmitters. The MTT assay results demonstrated that Ag-15nm displayed a significant toxicity at the 25µg/ml dose, whereas Mn-40 nm displayed a
more moderate toxicity. However, Mn-40nm induced potent dose-dependent depletion of dopamine. The dopamine depletion was compared with bulk manganese
material that is known to induce dopamine depletion. Mn-acetate induced
dopamine depletion but the level of Mn-40nm induced depletion was relatively
higher. Ag-15nm did not show significant depletion of dopamine although significant toxicity was evident as per the MTT assay. The results clearly demonstrated
that Mn-40nm induced dopamine depletion in a dose dependent manner when
compared to other nanomaterials. To better characterize the effects of the Mn40nm particles, the cells were examined via an advanced optical illumination system, CytoViva. Mn-40nm particles were observed to be internalized by the cells as
well as attach to the cell surface. Additionally, cells were grown in the presence of
nerve growth factor (NGF) to determine the effects of Mn-40nm on cell differentiation. These results indicate qualitative changes in the NGF treated cells in response to Mn-40nm exposure.
AFRL-WS 05-2198
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EFFECTS OF NANOPARTICLES ON IMMUNE
RESPONSE TO PROTEIN ANTIGEN

V. J. Tomazic-Jezic, T. H. Umbreit and M. E. Stratmeyer. OSEL, USFDA/CDRH,
Rockville, MD.
VJ Tomazic-Jezic, TH Umbreit, and ME Stratmeyer.
FDA, CDRH, OSEL, Division of Biology, Federal Research Center, White Oak, MD.
Nano-based products represent a major technological advance with a many clinical
applications; a thorough evaluation of the potential health risks is warranted for
these novel molecular entities. Size-dependent properties of micro-size biomaterial
particles have been well demonstrated; properties of ultrafine particles may be different from their larger analogs. We have shown that microparticles of biocompatible materials may affect immune responses. Polymethylmethacrylate, 1µ diameter
spheres, altered the Th1-Th2 balance in mice, while polystyrene (PS) particles of
the same size had no effect.
We evaluated effects of PS nanoparticles (50 or 500nm) on the response to antigen.
Balb/c mice received a footpad injection of PS particles, antigen-coated particles or
antigen alone. Tissues and sera were analyzed one and three weeks later. Antigencoated particles of both sizes induced strong monocyte and macrophage infiltration
at the injection site and a marked proliferative activity in lymph nodes and spleen.
Injection of antigen alone, in comparison with antigen-coated particles induced less
proliferation in lymph nodes and spleen and only minimal l infiltration of the injection site. Uncoated particles induced similar infiltration of the injection site as
coated ones, but only mild changes in lymph nodes and spleen. Serum antibody
level also reflected a stronger response with antigen-coated particles than with antigen alone. Interestingly, while larger particles exerted marked adjuvant activity on
the IgG level, smaller particles markedly enhanced the IgE antibody production. It
is important to note that both particles enhanced the antigen response but did not
affect the same type of response. This study demonstrates that particles size is a critical factor determining the type and intensity of immune effects. The clinical application of nanosize particles will require a thorough immunotoxicological evaluation
to minimize unexpected and potentially serious immune effects.

1561

IMPACT OF NANO- TO MICRON-SIZED PARTICLE
CHARACTERISTICS ON IN VITRO ALUMINUM
PARTICLE TOXICITY

M. Palazuelos1, 2, G. Erdos3, D. A. Moraga3, M. Popp3, B. M. Moudgil2, 4 and
K. W. Powers2. 1Department of Chemical Engineering, University of Florida,
Gainesville, FL, 2Particle Engineering Research Center, University of Florida,
Gainesville, FL, 3Interdisciplinary Center for Biotechnology Research, University of
Florida, Gainesville, FL and 4Department of Materials Science and Engineering,
University of Florida, Gainesville, FL. Sponsor: S. Roberts.
The increased use of fine and nanosized metals in commercial applications requires
a better understanding of the possible effects of these materials and their mechanisms of interaction with biological systems. In this study, well-characterized aluminum powders with mean particle sizes ranging from 80 nanometers to over 25
microns, and different aspect ratios, were used in exposure studies to evaluate their
effects at the cellular level. Several biological endpoint assays (LDH release, metabolic activity and apoptosis) were conducted as indicators of cell death, cell viability and cell proliferation. The cell line selected for these experiments is the human
lung carcinoma A549 (type II alveolar epithelial cells).
Concentration and time courses were designed in order to evaluate the extent of cytotoxicity, and to define critical conditions for further research. Treatment consisted
of exposing the cells to particles in culture for time periods ranging from 4 to 72
hours and in concentrations from 30 µg/ml to 250 µg/ml. Bioassays were run following standard procedures as outlined. In some cases special steps were included to
avoid the artifacts and interferences caused in these classical bioassays by the presence of solid particulate materials.
Elevated toxic effects were found for the nanosize aluminum powders, which exhibit a unique reactive potential when compared to the other materials used in this
study. We hypothesize that the route of manufacture and resulting oxide layer properties may have a dominant role in aluminum powder toxicity. The potential mechanisms resulting in elevated toxicity are being explored with further investigations
into aluminum solubility, complexation and gene expression.
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ASSESSING THE IN VITRO TOXICITY OF
FUNCTIONALIZED AMORPHOUS SILICA
NANOPARTICLES

D. Dutta1, S. Santra2, S. Roberts3 and B. M. Moudgil1. 1Materials Science and
Engineering and Particle Engineering Research Center, University of Florida,
Gainesville, FL, 2Nanoscience Technology Center, Department of Chemistry and
Biomolecular Science Center, University of Central Florida, Orlando, FL and 3Center
for Environmental and Human Toxicology and College of Veterinary Medicine,
University of Florida, Gainesville, FL.
Nanotoxicity assessment of amorphous silica nanoparticles has been carried out
using lactate dehydrogenase (LDH) homogenous membrane integrity assay. The
nanoparticle uptake by A549 cells (type II alveolar epithelial cells) was quantified
using confocal microscopy and the correlation of critical parameters like the effect
of particle size, particle concentration and incubation time on cytotoxicity was
studied. Folate-conjugated (folated) and amine-functionalized (aminated) amorphous silica have been used for the study. Aggressive internalization of folated silica
nanoparticles by A549 cells was observed in confocal microscopic images for varying incubation time, particle concentration and particle size - suggesting a specific
receptor mediated endocytosis. The uptake of aminated nanoparticles was found to
be particle concentration and incubation time dependent. From LDH assay results,
the average percentage (%) cytotoxicity of both folated and aminated silica
nanoparticles was always below 8% (irrespective of particle size, incubation time
and particle concentration) and the substantial uptake of folated silica nanoparticles did not compromise cell membrane integrity, confirming the endocytic
process. Overall, amorphous silica nanoparticles was found to be non-cytotoxic to
A549 cells, irrespective of the present surface modification strategies for an incubation period study of upto 48 hours.

1563

MUMMICHOG CDNA ARRAYS AS A TOOL FOR
MONITORING CHROMIUM REMEDIATION AT AN
ESTUARINE SUPERFUND SITE

J. A. Roling1, P. B. Key2, J. Gardea-Torresdey3, L. J. Bain1 and W. S. Baldwin1.
1
Biological Sciences, University of Texas-El Paso, El Paso, TX, 2Center for Coastal
Environmental Health, NOAA, Charleston, SC and 3Chemistry, University of TexasEl Paso, El Paso, TX.
Previously, we studied the effects of Cr(VI) and Cr(III) on gene expression using
targeted cDNA arrays developed for the estuarine minnow mummichog (Fundulus
heteroclitus). Laboratory exposures to Cr(VI) and Cr(III) demonstrated a different
fingerprint of gene expression at their respective NOEC and LOEC. We want to
test the utility of this array to (1) determine the dominant chromium valence and
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(2) monitor the effectiveness of remediation near a Superfund site. A chromiumcontaminated Superfund site at Shipyard Creek in Charleston, SC is undergoing
remediation, therefore providing a unique opportunity to study the efficacy of arrays as a molecular biomarker in mummichogs. Mummichogs were captured in
Shipyard Creek in Charleston, SC prior to remediation (2000), and after remediation began (2003 and 2005). Simultaneously, mummichogs were collected from a
reference site at the Winyah-Bay National Estuarine Research Reserve (NERR).
The hepatic gene expression pattern of fish captured at Shipyard Creek showed
wide differences from the fish captured at NERR in 2000. However, the chromium
induced gene expression fingerprint from the laboratory-exposed fish poorly
matches the fingerprint from fish at the Superfund site. Interestingly, as remediation progresses the gene expression pattern of fish captured at Shipyard Creek becomes more similar to those captured at NERR, and the number of genes differently expressed dropped from 24 to 4. The recovering gene expression profile is
associated with lower chromium bioavailability, demonstrated through significantly
decreased body burden and sediment concentrations. For example, sediment concentrations at Shipyard Creek were 80-fold greater than NERR in 2000, 51-fold
greater in 2003, and only 8-fold greater in 2005. Overall, the data supports our hypothesis that arrays can be used to monitor site mitigation, as the number of genes
differentially expressed mimics the decreasing body burden.
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DAPHNIA MAGNA ECOTOXICOGENOMICS REVEALS
UNIQUE EXPRESSION PROFILES FOR METALS AND
ORDNANCE RELATED CHEMICALS

H. C. Poynton1, J. R. Varshavsky1, A. Kennedy2, X. Guan2, J. Steevens3, B.
Chang1, S. Chan1, P. S. Holman1, A. V. Loguinov1, D. Bauer4, J. K.
Colbourne4, E. J. Perkins3 and C. D. Vulpe1. 1Nutri. Sciences. and Toxicology, UC
Berkeley, Berkeley, CA, 2Analytical Services Inc., Vicksburg, MS, 3Environmental
Laboratory, Engineer Research and Development Center, US Army Corps of Engineers,
Vicksburg, MS and 4Center for Genomics and Bioinformatics, Indiana University,
Bloomington, IN.
Ecotoxicogenomics provides new opportunities for innovative and proactive approaches to chemical screening, risk assessment, environmental monitoring, and
predictive toxicology. Using a classic ecotoxicology test organism, Daphnia magna,
we attempted to illustrate the potential of gene expression profiling in ecotoxicology by developing a D. magna cDNA microarray. We exposed D. magna to sublethal concentrations of the metals Copper (Cu) Cadmium (Cd) and Zinc (Zn) at
the 1/10 LC50 and the No Observable Effect Concentration (NOEC) and the ordnance related compounds (ORCs) 2,4,6-trinitrotoluene (TNT) and cyclotrimethylenetrinitramine (RDX) at the 1/10 LC50. RNA extracted from 24-h exposures
was hybridized to a 5000 D. magna cDNA microarray. Differentially expressed
cDNAs were sequenced and homology searches using translated BLAST and
PredictProtein allowed us to categorize the cDNAs according to predicted function.
The chemical exposures produced distinct gene expression profiles for each chemical providing evidence that gene expression profiling may be used as a biomarker of
exposure in ecotoxicology. These expression patterns were robust, confirmed by an
independent method, RT-PCR, and in several cases correlated well with existing
knowledge about the toxicity of these chemicals to aquatic invertebrates. Moreover,
we have identified previously unknown D. magna genes including two putative
metallothioneins, and homologs to glutathione-S-transferase, chitinase, and ferritin
genes. This study provides evidence supporting the feasibility of
Ecotoxicogenomics for environmental monitoring and chemical screening.
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QUANTITATIVE RT-PCR ASSAYS FOR FATHEAD
MINNOW STAR AND CYP11A AND EFFECTS OF
KETOCONAZOLE ON THEIR EXPRESSION IN VIVO

D. L. Villeneuve1, E. F. Orlando2, K. J. Greene1, L. S. Blake1, K. M. Jensen1,
M. D. Kahl1, E. A. Makynen1, E. J. Durhan1, A. L. Linnum1, A. L. Miracle3
and G. T. Ankley1. 1USEPA Mid-Continent Ecology Division, Duluth, MN,
2
HBOI, Florida Atlantic University, Ft. Pierce, FL and 3Pacific Northwest National
Laboratory, Richland, WA. Sponsor: J. Mata.
StAR (steroidogenic acute regulatory protein)-mediated transport of cholesterol
from the outer to inner mitochondrial membrane, and subsequent side chain cleavage by cytochrome P45011A (CYP11A) are generally regarded as the rate limiting
steps in acute steroidogenesis. As part of an on-going effort to develop molecular
tools to support endocrine disruptor research with the fathead minnow (FHM), we
isolated, amplified, and sequenced partial cDNAs for FHM StAR and CYP11A
and then developed quantitative RT-PCR (QPCR) assays for both. Baseline expression was examined over a range of ages and reproductive conditions commonly
used in testing. Baseline expression of CYP11A and StAR transcripts in 3 month
old male FHM was significantly greater (3-fold) than that observed in 4 and 5
month old males, affirming the importance using same age fish in experiments.
There was no significant difference in mean StAR or CYP11A transcript abundance
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in male or female FHM sampled at different stages of their spawning cycle, suggesting that spawning condition at the time of sample collection would probably
not significantly confound the ability to detect toxicological effects. Normalized to
total RNA, reproductively-mature males expressed significantly greater (~10-fold)
numbers of CYP11A transcripts than females, but significantly fewer (~50-fold)
StAR transcripts. In vivo exposure to 400 µg/L of the fungicide ketoconazole, for
21 days, caused a 3-fold increase in mean CYP11A transcript levels in the gonads,
relative to controls. Application of the CYP11A and StAR QPCR assays in this and
other studies should enhance the ability to examine system-wide responses of the
fathead minnow reproductive axis to chemical stressors that influence steroidogenesis. The contents of this abstract do not necessarily reflect official EPA policy.
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EFFECTS OF ATRAZINE ON BRAIN AND GONAD
AROMATASE ACTIVITY AND REPRODUCTIVE
PARAMETERS IN A MARINE FISH

L. J. Mills1, R. E. Gutjahr-Gobell1, S. C. Laws2, S. Jayaraman1 and G. E.
Zaroogian1. 1Atlantic Ecology Division, USEPA, NHEERL, Narragansett, RI and
2
Reproductive Toxicology Division, USEPA, NHEERL, Research Triangle Park, NC.
Atrazine, a widely-used herbicide, is found in many aquatic environments. Atrazine
enhances the activity of aromatase (CYP19) in cultured cells. Aromatase is the enzyme that catalyzes the conversion of androgens to estrogens. We tested the hypothesis that exposure of the marine fish cunner, Tautogolabrus adspersus, to concentrations of atrazine that alter aromatase activity would also alter reproduction.
Unlike mammals, fish appear to have two different forms of aromatase, one predominating in brains and another in gonads. Actively-spawning cunner were monitored to determine daily egg production, fertility and viability before and after exposure to nominal atrazine concentrations of 0, 0.1, 0.5, 1 and 5 mg/kg.
Pre-exposure reproduction was monitored for a week, then fish were implanted
subcutaneously with atrazine in a slow-release matrix of Ethocel® and coconut oil.
Controls were implanted with matrix only. Reproduction was monitored for two
more weeks, then fish were euthanized and necropsied. Brain, gonad and liver samples were flash-frozen and archived, along with plasma samples. GC/MSD analysis
of plasma from atrazine-implanted fish was performed to determine actual exposure of fish to atrazine from the slow-release matrix. Fish implanted with 0.1 mg/kg
atrazine showed a significant reduction in egg production, fertility and viability
compared to controls. Brains from these fish also showed a significant elevation of
aromatase activity in both males and females. No statistically significant changes
were observed in gonad aromatase activity in fish from any atrazine treatment, although a concentration-dependent trend was noted in female gonads, progressing
from activity lower than controls in the 0.1 mg/kg treatment to activity higher than
controls in the 5 mg/kg treatment. Atrazine did not induce plasma vitellogenin in
males. These results indicate that an atrazine exposure that alters brain aromatase
activity also alters reproduction in cunner.
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CHEMICAL STRESS FROM FUEL OIL CAUSES
ADRENAL HYPERTROPHY WITHOUT CHANGING
GLUCOCORTICOID RELEASE

F. C. Mohr1, B. Lasley2 and S. Bursian3. 1VET. MED.: Pathol., Microbiol. and
Immunol., University. of California, Davis, CA, 2VET. MED.: Pop. Health and
Reproduction, University. of California, Davis, CA and 3Department . of Animal
Sciences., Michigan State University, East Lansing, MI.
Marine mammals are at risk for exposure to petroleum oil from accidental spills.
One product, bunker C fuel oil, is an important source of environmental contamination as it is the most frequently spilled oil in the sea, and it persists in the environment unchanged for years. We are interested in the effects of chronic petroleum
oil exposure on the development of adrenal hypertrophy in mustelids. To assess this
effect, four groups of mink (Mustela vison) were fed 0, 48, 520 and 908 ppm fuel
oil for 60 days. To minimize the effects of other stressors, animals were not handled
during the exposure. Glucocorticoids were assayed in the feces throughout the exposure and in the serum at the end. As expected, relative weights of adrenal glands
were greater in the fuel oil groups compared to controls with no differences among
fuel oil groups. The adrenal cortex in the fuel oil groups also had a greater accumulation of cholesterol-laden vacuoles than the controls. However, glucocorticoid concentrations were not increased in fuel oil-exposed mink compared to controls. Two
mechanisms could account for this paradox. Adrenals may be enlarging as an adaptive response to maintain normal plasma cortisol concentrations because fuel oil is
inhibiting adrenal steroidogenesis. This would reduce negative feedback inhibition
on the pituitary and increase the release of pituitary adrenocorticotropin, an adrenal growth factor. This would also account for the increase in cholesterol in fuel oiltreated adrenals. Alternatively, an increase in glucocorticoid production does not
necessarily have to be a consequence of adrenal hypertrophy in response to chronic
stressors. Instead other adrenal steroids may mediate chronic stress responses. An

important finding of this study is that endocrine disruption of the adrenal glands
from chronic petroleum oil contamination is likely to interfere with an animal’s
ability to adapt to changing environmental conditions.
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ANDROGEN AGONISTS EFFECTS ON ESTROGENRESPONSIVE PLASMA PEPTIDE EXPRESSION IN THE
SHEEPSHEAD MINNOW

M. J. Hemmer, K. A. Salinas, P. S. Harris, J. Watts, L. L. Dobbins and C. C.
Walker. US-EPA, ORD, NHEERL, GED, Gulf Breeze, FL. Sponsor: W. Benson.
Endocrine-disrupting chemicals (EDCs) adversely affect the vertebrate hormone
system and cause human and animal health problems. Protein profiling can be used
for identification of protein patterns indicative of a change in physiological or toxicological status. These biomarkers can be used diagnostically to screen chemicals for
mode of action specific effects. We used Surface Enhanced Laser
Desorption/Ionization Time-of-Flight Mass Spectrometry (SELDI-TOF MS) and
plasma obtained from sheepshead minnows (Cyprinodon variegatus) to examine
estrogen and androgen related changes in protein patterns. Adult male and ovigerous female fish were placed into separate flow-through aquaria for aqueous treatment with 17-β-estradiol, testosterone, the synthetic androgen, 17-β-trenbolone, a
vehicle control (triethylene glycol, TEG) and seawater control. After a 7 day exposure, plasma was applied to ProteinChip® arrays and analyzed. No significant difference was found between peptide profiles of seawater control and TEG-treated
fish. Using pattern recognition software, three peptides were found to be differentially expressed in ovigerous females as compared to unexposed males. An identical
expression pattern was observed in male fish exposed to estradiol suggesting the
three peptides are estrogen-responsive. The estrogen responsive pattern was also observed in males and females treated with testosterone. However, treatment with
trenbolone failed to induce the estrogen responsive peptides in male fish, and in females all three peptides were suppressed with two falling below the level of detection. The differences in the estrogenic pattern elicited by the two androgens examined can be explained by the ready conversion of testosterone to estrogen by P450
aromatase where as the synthetic androgen trenbolone is non-aromatizable. This
study illustrates that to properly interpret assay results, one needs to take into account the physiological processes involved which may affect assay specificity.
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THE EFFECTS OF P’,P’-DDE ON REPRODUCTIVE
SUCCESS OF THE FATHEAD MINNOW (PIMEPHALES
PROMELAS)

E. J. Ray1 and D. S. Barber2. 1School of Natural Resources and Environment,
University of Florida, Gainesville, FL and 2Center for Environmental and Human
Toxicology, University of Florida, Gainesville, FL.
p’, p’-dichlorodiphenyldichloroethylene (DDE) is the most persistent metabolite of
the widely-used pesticide, DDT. Laboratory studies have shown DDE and other
endocrine disrupting compounds (EDCs) alter hormone levels and gene expression
patterns in the fathead minnow (Pimephales promelas), but have not linked those
findings to population-level effects. This study measured reproductive output of
fathead minnows exposed to DDE and survival of their offspring. Reproductive
output of a control group (vehicle only) and three treatment groups (1.63 ppm,
11.48 ppm, and 104.25 ppm DDE in fish feed), each containing eight females and
four males, was measured for 28 days. Reproductive output was measured as number of eggs laid, percent of eggs fertilized, and percent of eggs hatched. Survival
rates of eggs laid between 21-28d of the experiment were monitored until the onset
of first reproduction. The number of eggs laid in the highest treatment group was
reduced by 74% as compared to the control group. Analysis of variance (ANOVA)
showed no significant difference in percent of eggs fertilized or percent of eggs
hatched among control and treatment groups. This experiment suggests DDE does
not affect fertilization, hatchability, or fry survival rates, but can reduce the total
number of eggs produced by females exposed to the chemical.
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INHIBITION OF GERMINAL VESICLE BREAKDOWN IN
XENOPUS OOCYTES IN VITRO BY POLYBROMINATED
DIPHENYL ETHERS

D. J. Fort1, R. L. Rogers1, G. D. Anderson1, P. D. Guiney2 and J. A. Weeks2.
Fort Environmental Laboratories, Stillwater, OK and 2SC Johnson & Son, Racine, WI.

1

Under normal conditions, Xenopus oocytes undergo final maturation which is induced by progesterone via a membrane bound receptor (OMPR) or androgens via
a classical intracellular receptor (AR). Final maturation is marked morphologically
by germinal vesicle breakdown (GVBD). A 24-h in vitro Xenopus oocyte maturation assay was used to screen the anti-progestin and anti-androgen activities of
polybrominated diphenyl ethers (BDEs) including: BDE-27 (tri-), -47, -66 (tetra-

), 85, -99, -100, -105, (penta-) -138, -153, -154, -167 (hexa-), -183 (hepta-), -203
(octa-), and –209 (deca-) were screened. BDEs, a class of commonly used flame-retardants, were selected for study because of their ubiquity in the environment and
potential to disturb endocrine activity. Results suggested that each of the BDEs inhibited progesterone-induced, and to a lesser extent androgen-induced, GVBD in
vitro in a concentration-dependent manner. BDE potency for progesterone-induced GVBD, expressed as an IC25, ranged from 0.04 µg/L for BDE-85 and -100
to 7.60 µg/L for BDE-209. BDE potency for androgen-induced GVBD ranged
from 0.85 µg/L for BDE-99 to 96.4 µg/L for BDE-209. These results suggested
that the inhibitory effects of the BDEs on GVBD may be mediated primarily
through the OMPR, but that an androgen-mediated pathway may also exist. The
penta- and hexa- homologs were the most potent inhibitors of both progesteroneand androgen-induced GVBD of the homologs tested. Within a homolog group,
the 2,2’- congeners were markedly more potent inhibitors of both progesterone-induced and androgen-induced GVBD than congeners with different bromine substitution patterns. Further, the potencies of 2,2’-substituted penta- (BDE-85, -99, 100) and hexa- (BDE-138, -153, -154) homolog congeners were nearly 18- and
14-fold more potent than the 2,3- (BDE-105) or 2,3’- (BDE-167) substituted congeners, respectively. These results suggested that these substances were capable of
interfering with endocrine systems and reproductive processes in amphibians.
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ENDOCRINE DISRUPTION BY ATRAZINE AND OTHER
ENVIRONMENTAL CONTAMINANTS ON NATIVE
NEW JERSEY FROGS

M. Gutierrez1, T. Ledoux2, K. R. Cooper1 and M. G. Robson3. 1Joint Graduate
Program in Toxicology, Rutgers University, Piscataway, NJ, 2Division of Science,
Research and Technology, New Jersey Department of Environmental Protection,
Trenton, NJ and 3School of Public Health, UMDNJ - Robert Wood Johnson Medical
School, Piscataway, NJ.
Atrazine is one of the most commonly used herbicides in the United States. This
pesticide is routinely found in surface waters where amphibians are non-target
species in a unique position for exposure. The literature suggests that low environmentally relevant doses of atrazine have the ability to alter reproductive processes,
causing retarded gonadal development (gonadal dysgenesis) and testicular oogenesis (hermaphroditism) in amphibians through endocrine disruption. To determine
whether atrazine poses a risk to frog populations in New Jersey, 248 adult and juvenile green frogs (Rana clamitans melanota) and bullfrogs (Rana catesbeiana) were
collected across nine pond sites during the 2003 and 2004 breeding seasons in
Burlington County, NJ. These sites were evaluated for water levels of atrazine and
related compounds. Several pesticide residues were detected in pond waters, in addition to atrazine. Resident frogs were assessed for signs of endocrine disruption by
gross and histological examination. Both gonadal dysgenesis and hermaphroditism
were observed in captures. Additionally, plasma testosterone, hematocrit and testicular-to-organ weight ratios were determined. Comparisons were made between collection sites to determine whether atrazine water levels and atrazine use histories
correlate with the measured reproductive parameters of endocrine disruption.
Results displaying slightly significant differences between selected sites and parameters will be presented. This work is supported by the NIEHS training grant in
Toxicology ES07148 and NJ DEP contracts SR02-95 and SR04-59.
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TIME AND DOSE-DEPENDENT THYROID HORMONE
RELEASE FROM XENOPUS THYROID GLAND
CULTURES IN RESPONSE TO THYROID STIMULATING
HORMONE AND INHIBITION BY METHIMAZOLE

M. W. Hornung1, S. J. Degitz1, K. R. Thoemke2, J. J. Korte1, L. M. Korte3,
M. E. Bugge3 and J. E. Tietge1. 1NHEERL, MED., USEPA, Duluth, MN,
2
National Research Council, Duluth, MN and 3Student Services Contractor, USEPA,
Duluth, MN.
Efforts are underway to determine if thyroid gland explant cultures will be a useful
system to test the potential of chemicals to disrupt normal thyroid gland function
via direct effects on the gland or by altering signals from the hypothalamus-pituitary. Thyroid glands dissected from pro-metamorphic tadpoles were cultured at
21°C in L-15 media supplemented with 0.1% BSA and 1 µM KI. Glands were
stimulated with bovine thyroid stimulating hormone (TSH) and total thyroxine
(T4) released to the media was measured by ELISA. Methimazole, an inhibitor of
TPO activity was used to test whether inhibition of T4 synthesis in the glands resulted in significantly decreased T4 release to the media. Thyroid glands from tadpoles at early and late pro-metamorphosis were exposed to graded concentrations of
TSH with and without methimazole and media was sampled over several days to
evaluate T4 release and inhibition. The results of these experiments showed that
concentrations of TSH to 4000 ng/ml produced a dose dependent response in T4
release to the media. Additionally, the initial T4 response was dose dependent, but
over time the daily release of T4 decreased at the highest TSH concentrations suggesting that T4 stores were being depleted. At the lower levels of TSH stimulation,
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daily T4 release was maintained at relatively constant levels. Methimazole generally
inhibited the TSH stimulated T4 release by less than 50%, suggesting that the explanted glands released a greater proportion of stored T4 than newly synthesized
T4. The absolute amount of T4 release inhibited by methimazole was fairly constant, but over time it became an increasing proportion of the total. This model system shows promise as a tool to measure TSH stimulation of the glands, and needs
further evaluation to determine its utility as a model system to measure inhibition
of T4 synthesis. This abstract does not necessarily reflect EPA policy.

1573

THE PITUITARY RESPONSE TO CHEMICAL THYROID
AXIS DISRUPTION IN X. LAEVIS

K. R. Thoemke1, J. J. Korte2, M. W. Hornung2, M. E. Bugge3, L. M. Korte3,
G. W. Holcombe2, J. E. Tietge2 and S. J. Degitz2. 1National Research Council,
Duluth, MN, 2NHEERL, MED., USEPA, Duluth, MN and 3Student Services
Contractor, USEPA, Duluth, MN.
The US EPA is developing a screening assay to detect the effects of endocrine disrupting chemicals on the hypothalamic-pituitary-thyroid (HPT) axis in Xenopus
laevis. The HPT axis functions to compensate for changes in normal thyroid hormone (TH) synthesis. In an effort to understand the role of the pituitary gland in
compensation, we have begun to characterize the pituitary response to chemical
disruption of the thyroid axis using both in vitro and in vivo approaches. Stage 54
tadpoles were exposed to the TH synthesis inhibitors methimizole (100 mg/L) or
perchlorate (4 mg/L). Following 8 days of exposure, pituitary and thyroid glands
were removed for molecular and histological analysis respectively. We used quantitative PCR (QPCR) to determine the expression patterns of three genes thought to
be integral to regulation of TH homeostasis: thyroid stimulating hormone (TSH),
type 2 (D2) and type 3 deiodinase (D3). Obvious changes in thyroid gland morphology were evident after 8 days of exposure although TSH, D2 and D3 mRNA
steady state levels were not affected. These results suggest that regulation of the
compensatory response to TH synthesis inhibition is post-transcriptional. As a
complement to the in vivo studies we are currently developing an in vitro testing
system using gland explant cultures. In preliminary experiments, thyroid glands
were co-cultured with pituitary glands or glands were treated with 500 ng/ml
bovine TSH. Subsequent QPCR analysis for expression of two key TH synthesis
genes, Na+/I- symporter (NIS) and thyroid peroxidase (TPO) revealed that mRNA
steady state levels in the thyroid-pituitary co-culture did not differ significantly
from levels in cultured glands treated with bTSH. These results indicate that the
cultured pituitary maintains thyroid stimulating capability and therefore is likely to
be useful as an in vitro testing system. This abstract does not necessarily reflect EPA
policy.
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EFFECTS OF P,P’-DDE ON BONE TISSUE IN ADULT
MALE COMMON FROGS

P. Lind1, R. Lundberg1, M. Ronn2, C. Hernhag2, A. Leiva Presa3, B. M.
Jenssen3 and J. Orberg2. 1Division of Biochemical Toxicology, Institute of
Environmental Medicine, Karolinska Institutet, Stockholm, Sweden, 2Department of
Environmental Toxicology, Uppsala University, Uppsala, Sweden and 3Department of
Biology, Norwegian University of Science and Technology, Trondheim, Norway.
Experimental studies of our own and of others in rodents as well as studies in free
ranging animals such as Baltic grey seal, alligators from Lake Apopka (Florida) and
arctic polar bear have shown that endocrine disrupting compounds (EDCs) impair
bone tissue composition and strength. The aim of the present study was to expand
our studies to a new group of animals by investigating whether bone tissue in frogs
is an additional potential target of endocrine disrupting compounds. Adult males of
European common frog (Rana temporaria) frogs were divided into 5 groups (n=20)
and injected (s.c., single injection) with p,p’-DDE, a total dose of 0.01, 0.1, 1 and
10 mg of p,p’-DDE / kg b.w., respectively. A control group was treated with the vehicle (corn oil). Two weeks after the injection the frogs were sacrificed and samples
taken. The diaphysis of the excised left femur was scanned using peripheral quantitative computed tomography (pQCT) and cortical parameters, e.g. cortical bone
mineral density (BMD), cortical cross-sectional area (CSA) and periosteal circumference, were determined. The results show that bone tissue in male frogs exposed
to p,p-DDE is negatively affected. A significant decrease in cortical BMD at the diaphysis were observed in frogs exposed to 1 or 10 mg of p,p’-DDE/ kg b.w.
(p<0.05). This might be explained by the results from previous studies on these
p,p’-DDE exposed frogs, where an altered tissue distribution of vitamin A, an important regulator of bone homeostasis was observed. The levels of vitamin A increased in the liver, which could result in an altered regulatory function of bone tissue homeostasis. Although this is the only study performed to date examining the
possible relationships between EDCs and negative effects on frog bones, it supports
both previous experimental findings in rodents as well as findings in free ranging
animals.
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DO EDCS EFFECT BONE TISSUE IN GREAT LAKES
HERRING GULLS?

R. Lundberg1, G. A. Fox2 and M. P. Lind1. 1Division of Biochemical Toxicology,
Institute of Environmental Medicine, Karolinska Institutet, Stockholm, Sweden and
2
National Wildlife Research Centre, Canadian Wildlife Service, Ottawa, ON,
Canada.
Herring gulls (Larus argentatus) are excellent sentinels in which to assess health effects associated with their aquatic environment. Incubating adult herring gulls were
collected in 10 colonies throughout the Laurentian Great Lakes and reference
colonies in Lake Winnipeg and the Bay of Fundy in the 1990s and 2001-03.
Herring Gulls are exposed to a wide variety of environmental contaminants, some
of which are endocrine disrupting chemicals (EDCs). Recent evidence suggests that
bone tissue is a target for EDCs such as polychlorinated biphenyls (PCBs). To determine whether the bone tissue of these free-ranging birds is affected in a manner
which might be linked to exposure to EDCs, we measured the dimensions and
composition of excised femoral bones using peripheral quantitative computed tomography (pQCT). After adjustment for gender differences, birds from polluted
areas (n=149) showed reduced bone length (p<0.0001) compared to birds from the
reference sites (n=47). Furthermore, birds from polluted areas showed reduced total
bone mineral content (p<0.01), total cross-sectional area (p<0.01), cortical bone
mineral content (cortical BMC) (p<0.001), cortical area (cortical A) (p<0.01), periosteal circumference (p<0.01) and polar Strength Strain Index (polar SSI)
(p<0.001) compared to birds from reference sites. After adjustments also for body
weight, only an altered cort BMC (p<0.01), cortical A (p<0.05) and polar SSI
(p<0.01) were seen in the birds from polluted areas. These results,, consistent even
after adjustment for body weight, suggest that herring gulls in the Great Lake basin
suffer from altered bone tissue homeostasis which might be linked to exposure to
EDCs. This is the first study to date to examine the possible relationships between
EDC exposure and negative effects on avian bones, and our findings are consistent
with experimental findings in rodents as well as findings in free- ranging alligators
from Lake Apopka, Baltic grey seals, and Arctic polar bears.

1576

COMPARATIVE EFFECTS OF CARBOFURAN AND
DIAZINON ON TIME OF FLIGHT IN PIGEONS
(COLUMBA LIVIA): POTENTIAL FOR AGROCHEMICAL
EFFECTS ON MIGRATION

J. M. Brasel and C. A. Pritsos. Nutrition, University. of Nevada, Reno, NV.
Cholinesterase inhibiting compounds such as carbamate and organophosphate insecticides have been widely used in agriculture since the ban on organochlorines in
the 1970s. Carbofuran, a carbamate, and diazinon, an organophosphate, are among
the most commonly implicated cholinesterase inhibitors in episodes of accidental
avian toxicity and mortality. Despite the lethal effects of these compounds, little
work has been done to study effects of low-level, environmentally relevant doses on
populations of migratory bird species. In this study, homing pigeons were used as
surrogate species to assess the differences in the effects of incrementally low doses
(0.0, 0.25, 0.5, and 1.0 mg/kg) of orally administered carbofuran and diazinon on
time of flight and to determine the dose at which an effect of either or both xenobiotic occurs. Once control times were established for the cohort, birds were divided into groups by dose level with 5 birds receiving either carbofuran or diazinon
at each level for the duration of study flights. ANOVA with Tukey’s Post Tests, and
t-tests were performed to ascertain dose-dependency and differences in flight times
with repeated dosing/flights among and within treatment groups respectively. A
significant dose-dependent increase in flight time in birds gavaged with carbofuran
(P < 0.0001) and significantly slower times at doses of 0.50 and 1.00 mg/kg compared to controls and the 0.00 mg/kg gavaged birds were observed. There was a
dose dependent decrease in flight time of birds dosed with diazinon between 0.25
and 1.0 mg/kg (P < 0.0001). The data showed profound effects of carbofuran on
time of flight with birds falling off the pace of the flock. Data also indicated a potential stimulatory effect of diazinon at doses between 0.25 and 1.0 mg/kg. The results of the studies demonstrated the utility of the homing pigeon for comparative
studies on time of flight in birds. This project was funded in part by USDA Hatch
Grant NEV0731 and the Nevada Agricultural Experiment Station.
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TOXIN BINDING ABILITY OF SOILS CONSUMED BY
PARROTS IN THE PERUVIAN AMAZON

J. F. Taylor1, D. Brightsmith2, H. Huebner1 and T. Phillips1. 1Veterinary
Integrative Biosciences, Texas A&M, College Station, TX and 2Biology, Duke
University, Durham, NC.
Geophagy, the intentional consumption of soil, has been observed for a wide range
of birds and mammals. Previous studies investigating avian geophagy in the
Amazon basin of Peru have shown that birds may be selecting soils by either their
ability to adsorb dietary toxins or their sodium content. The purpose of this re-

search was to measure toxin binding ability of soils from known clay licks and examine relationships of toxin binding ability and sodium content. Soils from clay
licks, as well as sodium montmorillonite and kaolinite, were tested for their ability
to sorb the alkaloid quinine. Birds were photographed at the lick sites, and soils
were ranked according to bird usage. Equilibrium adsorption isotherms were performed using a modification of methods previously established in our laboratory
using solutions that mimic avian gastric fluid. Quinine was analyzed on a UV-VIS
spectrophotometer at 347 nm. The maximum capacity (Qmax) and affinity constant
(Kd) for all soils was determined at 25°C with a computer fitted Langmuir equation. Soils were tested for swelling potential by measuring the coefficient of linear
extensibility (COLE) index of each soil. Sodium montmorillonite was found to
have a high affinity for quinine with a Qmax of 0.285 mol/kg. Qmax values for the
used soils from the clay licks ranged from 0.046 to 4.000 mol/kg, indicating that
the soils were capable of adsorbing significant quantities. COLE index values indicated that there were significant amounts of swelling clay in each soil. The strong
sorption of quinine by sodium montmorillonite suggests a possible relationship between soil sodium and toxin adsorption in soils containing swelling clays. Bird
usage and toxin binding were positively correlated, particularly at 14 ppm quinine,
suggesting birds were selecting soils that were most capable of removing dietary toxins (NIEHS P42 ES04917, USAID LAG-G-00-96-90013-00).
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TOXICOPATHOLOGICAL ANALYSIS OF THE IMPACT OF
SODIUM ARSENATE (NA2HASO4. 7H2O) ON SKIN OF
THE CATFISH CLARIAS BATRACHUS (LINN)

A. K. Singh, I. Chatterjee and T. K. Banerjee. Zoology, Banaras Hindu University,
Varanasi, Uttar Pradesh, India.
The present investigation analyses the various histopathological alterations taking
place in the skin of the air-breathing catfish Clarias batrachus (Linn.) exposed to
sodium arsenate. A major part of the entire ecosystem of the Indian subcontinent is
suffering from the hazardous effects of arsenic toxicity. Sodium arsenate, a thermodynamically more stable compound of arsenic, predominantly found in the welloxygenated inland waters. Fishes being effective bio indicator(s) have widely been
used for analysing the aquatic contaminations. C. batrachus, an important edible
catfish of the area has been selected for the analyses of the arsenic toxicity because
like many other air-breathing fishes, the skin of this hardy fish also acts as an accessory respiratory organ. The skin being the boundary tissue also faces the direct contact stress of toxicants and is subjected to extensive damage. Three layers have been
identified in the skin of fishes: epidermis, dermis and subcutis. Amongst these, the
epidermis is the most active layer whose main cellular components include polygonal epithelial cells (ECs), mucous cells (MCs) and club cells (CCs). The epidermis
of the exposed fish was subjected to histopathological analyses after different period
(03h, 06h, 12h, 24h, 03d, 07d, 14d, 21d, 30d, 45d, 60d, and 90d) of treatment.
The significant alternations included massive wear and tear, sloughing of ECs, and
degeneration of CCs with squeezing out of their contents on the surface. This led to
significant alternation in the histomorphology of the epidermis including hyperplasia. Following exposure the density of MCs increased extensively crowding out the
other cellular components of the epidermis. The staining behaviour of MCs also
showed periodic fluctuations showing more affinity for sulphate moieties. A thick
layer of slime very often protected the surface of the skin.

1579

TRIBUTYLTIN INDUCED NEUROTOXICITY
FOLLOWING CHRONIC EXPOSURE IN THE STINGRAY
UROLOPHUS JAMAICENSIS (YELLOW STINGRAY)

J. Dwivedi1 and L. D. Trombetta2, 1. 1Biological Sciences, St. John’s University, New
York, NY and 2Pharmaceutical Sciences, St. John’s University, Jamaica, NY.
Tributyltin oxide (TBTO) is the main constituent of tin based antifouling marine
paint used on the hulls of ships to prevent the growth of fouling organisms. TBTO
has been shown to be hazardous to non-target organisms. This study investigated
the toxicity and accumulation of tin in the brain, gill, and liver tissues of the
stingray U. jamaicensis after chronic exposure to TBTO. Alterations in the morphological architecture of brain, gill and liver using light and electron microscopy,
and accumulation of tin in tissues using GFAAS following TBTO exposure were
examined. Individuals of a captured population of U. jamaicencis were housed in
isolated, static tank systems. After a 30 day acclimation period, the animals were exposed to a chronic dose of .005ug/L TBTO for 28 days. An additional group served
as a control population. After the 28 day treatment animals were sacrificed, tissues
removed, processed, and stored for analysis. Results demonstrate morphological evidence of an inflammatory response in the gills of treated animals, verified by hyperemia and the presence of inflammatory cells. Light and scanning electron micrographs reveal exfoliation of gill epithelium from both gill filament and lamellae,
and the presence of hemorrhagic lesions. Light and transmission electron microscopy revealed the presence of necrotic lesions in liver and brain tissue following
exposure to TBTO. GFAAS results showed a significant increase in the concentration of tin in brain tissue, as compared to control animals.
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SUBCHRONIC TOXIC EFFECTS AND ACCUMULATION
OF HEXAHYDRO-1,3,5-TRINITRO-1,3,5-TRIAZINE
(RDX) IN ZEBRAFISH (DANIO RERIO)
S. mukhi1 and R. Patino2. 1Environmental Toxicology, Texas Tech University,
Lubbock, TX and 2US Geological Survey Texas Cooperative Fish & Wildlife Research
Unit, Texas Tech University, Lubbock, TX.
The objective of this study was to assess the subchronic (subacute) toxicity of RDX
to adult zebrafish. Mixed-sex populations of 3-month-old, young adult fish were
exposed to measured RDX concentrations of 0, 1 and 9.6 mg/L for up to 12 weeks
followed by a 15-day recovery in clean water. At 9.6 mg/L, RDX induced a cumulative mortality rate of about 45 percent over the 12-week exposure, with most
mortalities occurring within the first 4 weeks and becoming negligible after 8
weeks. Fish held at 9.6 mg/L also showed abnormal feeding behavior during the
first 8 weeks of exposure; and somatic measurements indicated that RDX at 9.6
mg/L suppressed body weight at 4 and 8 weeks of exposure and at 1 mg/L, it suppressed body weight at 4 weeks. However, the effects of RDX at 9.6 mg/L on feeding behavior were no longer evident after 8 weeks of exposure, and these fish regained normal weight by the end of the 12-week exposure period relative to control
fish. Histopathological analyses of gonads from fish collected at 12 weeks of exposure did not reveal structural abnormalities. In males, Comet assay of dispersed testicular cells taken at the completion of the exposure period did not indicate the
presence of DNA strand breakages related to RDX exposure. RDX and its metabolite, MNX, were detected at 4, 8, and 12 weeks of RDX exposure. The bioconcentration factor for RDX was affected by time of exposure but not by RDX concentration; average combined values were ≤ 1 at 4 and 8 weeks of exposure and > 2 at
12 weeks. RDX and MNX were not detected in fish after a recovery period of 15
days in clean water. The latter observation suggests that RDX and MNX are readily
eliminated from the fish.
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EVALUATION OF BROMINATED FLAME RETARDANTS
IN RELATIONSHIP TO BOTTLENOSE DOLPHIN
IMMUNITY
J. Stuckey1, T. Romano2, 6, C. Rice3, 6, J. EuDaly6, G. Mitchum5, G. Bossart4, 6,
P. Fair5, 6 and M. Peden-Adams6, 2. 1College of Charleston, Charleston, SC, 2Mystic
Aquarium, Mystic, CT, 3Clemson University, Clemson, SC, 4Harbor Branch
Oceanographic Institute, Ft. Pierce, FL, 5NOS/NOAA, Charleston, SC and 6MUSC,
Charleston, SC.
Many consumer products contain brominated flame retardants (BFR) leading to
increased levels contaminating the environment. Polybrominated diphenyl ethers
(PBDEs) are used in large quantities as additives in plastics, textiles, and synthetic
building materials. In rodents few studies have assessed immunotoxicity in relation
to BFRs, but those that have observed suppression of IgM production and decreased T-cell proliferation. As part of a dolphin health assessment study, biomarkers of immune function were correlated with PBDE blubber levels. Whole blood
and plasma samples were collected from 51 male bottlenose dolphins in the Indian
River Lagoon (IRL) of Florida and the Charleston (CHS) Harbor of South
Carolina during the summer of 2003. Ages ranged from 3.5 to 28 years. PBDE
concentrations (6 congeners) and immune parameters (lymphocyte proliferation,
NK cell activity, lymphocyte immunophenotypes, plasma lysozyme, phagocytosis,
total serum IgG, and C-reactive protein) were measured. Correlations were assessed
for all animals with-in and among sites. With all animals combined the strongest
correlation observed was lysozyme activity and total PBDEs (Rs= -0.5438). When
separated by location NK cell activity in IRL males was positively correlated to
PBDE 47 (Rs= 0.5043) and total MHCII+ cells (Rs= -0.4947) and CD4+ T-cells
(Rs= -0.4754) in IRL males were correlated with total PBDEs. Total IgG in CHS
males was positively correlated with PBDE 47 and total PBDEs (Rs= 0.5586 and
0.4097, respectively). These data suggest that immune parameters are altered in
marine mammals with exposure to PBDEs. Further efforts identifying risk to disease is required following PBDE exposure.

1582

VALIDATION OF AN EUKARYOTIC GENOTOXICITY
SCREENING ASSAY FOR ENVIRONMENTAL
MONITORING
A. Knight1, P. Cahill1 and R. Walmsley2. 1Gentronix LTD., Manchester, United
Kingdom and 2Faculty of Life Sciences, University of Manchester, Manchester, United
Kingdom. Sponsor: S. Dean.
Impending Europe-wide legislation, such as the EU Water Framework Directive,
identify carcinogens and mutagens as priority pollutants. The burden of responsibility to test for genotoxins is now on both effluent producers and industry regulators. However, established genotoxicity assays, which are commonplace in heavily
regulated areas, such as pharmaceutical drug discovery, are not practical to use in an
industrial chemical laboratory or in the field. Hence, genotoxicity screening assays
are required with simple protocols, using less sophisticated equipment, facilities
and technical expertise.
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The GreenScreen assay uses eukaryotic (yeast) cells, genetically modified to express
green fluorescent protein, whenever DNA damage as a result of exposure to genotoxic contaminants is repaired. Thus genotoxicity is assessed by induced cellular fluorescence. Reduction in cell proliferation is used to characterise non-specific acute
toxicity, producing EC50 data. The assay employs portable instrumentation and
disposable elements.
The principle barrier to adoption of new environmental screening technologies is
understanding the biological relevance of the result. This is especially true when
using organisms other than the likely target species, and coupled with the fact that
the occurrence and consequence of low levels of genotoxins in the environment is
poorly understood. To address this, results will be presented from a number of validation projects conducted with potential end users. GreenScreen has been used to
characterise the toxicity and genotoxicity of a wide range of industrial effluents, estuarine waters downstream of industrial activities, contaminated sediments and
landfill drainage. The results highlight the correlation with benchmark ecotoxicological assays and the extent of interference from matrix effects.
From the results we conclude that GreenScreen provides a valuable indicator test
for both genetic and acute toxicity, with applications in monitoring industrial effluents, tracing sources of contamination and hazard assessment.

1583

INVESTIGATING ENANTIOMER-SPECIFIC EFFECTS OF
THE CHIRAL PHARMACEUTICAL POLLUTANTS
PROPRANOLOL (β-BLOCKER), FLUOXETINE (SSRI),
AND IBUPROFEN (ANALGESIC) TO MODEL AQUATIC
ORGANISMS
J. K. Stanley1, A. J. Ramirez2, M. Mottaleb2, C. K. Chambliss2 and B. W.
Brooks3. 1Biology, Baylor University, Waco, TX, 2Chemistry and Biochemistry, Baylor
University, Waco, TX and 3Environmental Studies, Baylor University, Waco, TX.
Recent advances in analytical capabilities have led to an increased awareness of the
presence of biologically active pharmaceutical compounds in aquatic systems, especially those systems containing a high percentage of effluent from municipal wastewater treatment facilities. However, data on sub-lethal responses of aquatic organisms to pharmaceutical contaminants are currently lacking. In an effort to reduce
uncertainty associated with environmental risk assessments for pharmaceuticals, we
have investigated acute and chronic enantiomer-specific responses of Daphnia
magna and Pimephales promelas to three widely used chiral drugs that are distributed as racemic mixtures: propranolol, fluoxetine, and ibuprofen. Using mammalian effect data from drug development has been proposed as a way to predict
aquatic organism responses. Because the (S)-enantiomer is known to be the most
active of all three of these drugs in mammals, we tested the hypothesis that this
enantiomer would also be the most toxic to the endpoints tested in D. magna and
P. promelas. The traditional whole effluent toxicity testing endpoints of survival,
growth, and reproduction were assessed along with behavioral (P. promelas feeding
rate and D. magna grazing rate) and physiological (D. magna heart rate) endpoints.
Pharmaceutical concentrations were verified using HPLC-MS. Our results indicate
that mammalian enantiomer-specific pharmacology data are predictive of fish responses but not of invertebrate responses. Also, acute toxicity responses did not follow the hypothesized toxicity relationship of (S) > (R), suggesting acute toxicity
may occur via a non-specific mode of action such as narcosis.
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RAPID ENVIRONMENTAL IMPACT SCREENING OF
REACTIVE NANO-IRON PARTICLES (RNIP) USING
DAPHNIA AND FATHEAD MINNOWS
E. Oberdorster1, P. Larkin2 and D. Rejeski3. 1Biology, Southern Methodist
University, Dallas, TX, 2EcoArray, Inc., Alachua, FL and 3Woodrow Wilson Center
for International Scholars, Washington, DC.
The goal of this project was to assess the toxicity of Reactive Nano-Iron Particles
(RNIP) using both the existing standard tests approved by the US EPA as well as
fathead minnow gene microarrays. The increasing use of nanomaterials for environmental applications raises concerns about their safety. Standard ecotoxicological
tests are simplistic mortality curves, which do not take into account potential
chronic exposure problems or sub-lethal effects. By combining a commonly accepted toxicity test with microarrays, it is possible to get more detailed data more
quickly and less expensively than with traditional testing. RNIP is currently being
used to remediate superfund sites, and this study was done with the full support of
the RNIP manufacturer, Toda Kyogo (Japan). Acute toxicity testing was done using
the zooplankton crustacean, Daphnia magna. Daphnids could ingest RNIP and be
coated with it, and still carry on normal physiological functions such as molting
and reproduction. The 48 hour LC50 was 55 ppm, which is similar to bulk iron. In
addition, 96-hour exposures of fathead minnow (Pimephales promelas) allowed us to
assess changes in gene expression in liver, gill and brain using microarrays. Fathead
minnows could survive 5 days in 50 ppm of RNIP with very few genes robustly
changed. Those genes that were changed were genes related to tissue repair and
physiological defenses against RNIP (ex: ubiquitin), as would have been expected.
Using this screening procedure we found that we can quickly test materials for tox-
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icity in a robust manner by combining whole animal and mechanistic based screening procedures. Having these types of rapid screening tests (3-4 months) available
for companies allows for quick screening, data analysis, and data dissemination,
which ultimately will build public trust and ensure eco-safe nano-products.

1585

USING BLOOD PLASMA AS A NONDESTRUCTIVE
MEANS FOR MONITORING PERSISTENT ORGANIC
POLLUTANTS IN WHITE STURGEON FROM THE
COLUMBIA RIVER BASIN
D. Gundersen1, J. Schleier1, E. Bredeweg1, M. Webb2, E. Foster3 and B.
Cady4. 1Environmental Science Program, Pacific University, Forest Grove, OR, 2US
Fish and Wildlife Service, Bozeman, MT, 3Department of Environmental Quality,
Portland, OR and 4Washington Department of Fish and Wildlife, Vancouver, WA.
The health of white sturgeon populations in the Columbia River Basin is questionable due to loss of habitat and the presence of persistent organic pollutants. White
sturgeon are susceptible to persistent organic contaminants since they are long-lived
fish, and they have a benthic lifestyle. Previous work by our laboratory showed that
juvenile white sturgeon contained significant levels of organochlorine contaminants
(OC) in liver and gonad tissues, particularly p,p’-DDE and p,p’-DDD. The objectives of this study were to assess the use of blood plasma for monitoring persistent
OCs in juvenile white sturgeon by comparing blood OC levels to OC levels in liver
and gonads, to determine if any correlation exists between plasma OC levels and
certain physiological biomarkers and to monitor blood plasma for OCs from adult
sturgeon. Reproductively immature white sturgeon from the commercial harvest
were sampled from the Columbia River estuary, and pools above Bonneville, The
Dalles, and John Day dams. Blood samples from adult sturgeon were taken from
the Upper Columbia River (between river mile 680 – 706) and 2 sites on the Snake
River (between river miles 13 – 27, and 40 – 107). Blood plasma samples were analyzed for 17b-estradiol, testosterone, and 11-ketotestosterone, using RIA.
Sturgeon blood plasma and tissues were analyzed for OCs using GC-ECD. There
were significant correlations between tissue and plasma OC concentrations, for
both juvenile males and females. In juvenile males, plasma androgens were negatively correlated with plasma total DDT. Mean total OCs in plasma from adult
sturgeon in the Snake River were significantly higher than total OC concentrations
in adult sturgeon from the upper Columbia River. Monitoring of blood plasma appears to be an effective nondestructive method for assessing OC exposure in sturgeon populations.
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MOVEMENT OF MERCURY FROM CONTAMINATED
SOIL INTO AN AQUATIC FOOD CHAIN
A. C. Nichols, D. A. Steffy and C. R. Kohute. Physical and Earth Sciences,
Jacksonville State University, Jacksonville, AL.
The largescale stoneroller, Campostoma oligolepis, is a type of minnow common in
small to medium sized streams in north and central Alabama. The stoneroller is a
primary consumer, feeding on algae and organic material from the surface of rocks.
However, stonerollers also feed on rotifers, cladocerans, copepods and midge larvae.
Stonerollers were collected from a site with mercury (Hg) comtaminated soil to determine if Hg was moving from the soil into the aquatic food chain. Stonerollers
were collected from a site in Oxford, AL, where Snow Creek, a third-ordered perennial creek, passes thorugh Hg contaminated soil. Stonerollers were also collected
upstream where the soil Hg concentration is at background. Approximately one
mile before Snow Creek empties into Choccolocco Creek, it flows through a city
park in Oxford. Fill deposits used as landscape material in the construction of the
park may have been contaminated with Hg from industrial sources. This land now
serves as a non-point source of Hg contaminated soil. Soil samples from the park
have a mean Hg content of 1.195 ug/g, compared to a background value for the
area of 0.066 ug/g. Sediment samples taken from Snow Creek as it passes through
the park have a mean Hg content of 0.174 ug/g. Stonerollers were collected from
Snow Creek as it passes through the park and analyzed for total Hg. These fish had
a mean Hg concentration of 0.0471 ug/g. Stonerollers collected upstream from the
park had a mean Hg concentration of 0.0312 ug/g. InStat was used to compared
the means of the Hg concentrations in fish collected from the two sites. The twotailed P value was < 0.0001, considered extremely significant. This would indicate
that Hg from the park is entering the aquatic food chain of Snow Creek.
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TRIVOREX: SAFETY AND EFFICACY OF A
NEUTRALIZER AND ABSORBENT FOR CHEMICAL
SPREADING AND TREATMENT OF CHEMICAL
WASTES
F. Burgher1, C. Godard1, H. Coudouel1, A. H. Hall2 and L. Mathieu1.
1
Scientific researches, Prevor Laboratory, Paris, France and 2Toxicology, TCMTS, Elk
Mountain, WY.
Trivorex is a polyvalent neutralizer and absorbent for chemical spreading in industries and treatment of waste at hospitals.

Trivorex is a white-yellow powder including colored pH indicators. It can neutralizes both acids and bases and absorb both aqueous and lipophilic solutions. It is
non flammable and does not contain VOCs. None of its components are toxic, suspected cancer agent or sensitizers. Trivorex is not irritant to the eye and the skin. Its
residue with acid, base or oxidizer is also non irritant. Ecotoxicological test has been
performed: ecotoxicity on Eisenia fetida, Microtoxicity on photobacterieum phosphoreum and aquatic toxicity on Daphnia Magna and Selenastrum capricornutum.
No ecotoxicological effects were observed.
In vitro tests have been performed in order to show its efficacy. It has been tested on
20 ml of standard corrosives at different concentrations. Capacity of Trivorex was
recorded based on the amount needed for absorption, neutralization and on the
gelification/absorption time. Physical parameters such as increase of temperature or
gas emission were also recorded.
We report here the results obtained on about 30 products, including acids, bases,
oils and solvents at our laboratory and reports obtained from tests in industry and
hospital.
Concentrated acids or bases such as hydrochloric acid, hydrofluoric acid or soda
and ammonia were tested. Gelification and solidification was observed for most of
the products respectively within an average of 40 or 90 seconds. The average of absorption amount was 28 g of Trivorex. Water was added to complete neutralization
is case of concentrated corrosives.
Based on these results, Trivorex appeared to be polyvalent and then a good alternative to deal with spreading of chemicals in industries and treatment of hospital
wastes. It appears also necessary to secure the area of spreading, ventilate the building before treatment of spreading, especially in case of concentrated corrosives and
volatile solvents.
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IN VITRO MODELS TO PREDICT THE IN VIVO
METABOLISM OF AROMATIC AMINES IN THE SKIN

C. Goebel2, H. J. Beck1 and H. Scheffler2. 1Toxicology, Cosmital SA, Marly,
Switzerland and 2product safety, Toxicology, Darmstadt, Germany. Sponsor: F.
Gerberick.
A key element in the safety assessment of cosmetic chemicals is the prediction of
their metabolic profile after exposure to human skin. To avoid testing in animals,
the use of in vitro techniques is the first choice to work on this question. Aromatic
amines used in hair dyes contain amino groups capable of undergoing enzymatic
metabolism in the skin. As N-acetylation is one of the major phase II activities in
the skin, we compared the capacity of the human keratinocyte cell line (HaCaT) to
acetylate aromatic amines, i.e. aminophenols, with human skin ex vivo.
HaCaT cultures were incubated with increasing amounts of the respective
aminophenol and supernatants were analysed for the N-acetylated metabolite at
various time points up to 24 h. The formation of the N-acetylated metabolite was
tested during a skin absorption experiment using fresh human skin samples from 3
donors after application of a formulation containing 1.5% of the aminophenol to
the skin surface. After an exposure period of 1 hour, the application site was rinsed
and the sampling was continued for 24 hours.
The results show that: a) Human keratinocytes acetylate the compound efficiently at
low concentrations up to 4 µM and b) fresh human skin is able to acetylate
aminophenols during skin absorption, since substantial amounts of the acetylated
compound were detected in the skin compartments and in the receptor fluid samples.
We conclude that the human keratinocyte cell line HaCaT is an appropriate model
to test for the capacity of human skin to N-acetylate aromatic amines and represents a promising tool to further elucidate key mechanisms in skin metabolism.
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REGISTRATION OF CHEMICALS IN EUROPE: IN VITRO
DERMAL PENETRATION STUDIES

A. B. McEwen, A. Strong and K. Dummer. BioDynamics Research Limited,
Rushden, United Kingdom. Sponsor: R. Harling.
With the publication of the European Commission’s new chemical strategy
(REACH) and the EU Commission Groundwater Directive (COM(2003)550) the
environmental fate of a large number of chemicals, including pharmaceuticals, is becoming of great public and regulatory concern. Under these proposals extensive risk
assessments of all existing chemicals, including dermal exposure, will be required.
Warfarin is used as a therapeutic anticoagulant and rodenticide whilst phenacetin is
a major non-steroidal anti-inflammatory pain relief agent. Both compounds are
widely available and will therefore be distributed into the environment via the
sewage system. Once released into the environment a major route of contact/exposure to these compounds will be via the skin. This study was designed to meet the
requirements of the OECD test guideline 428 for the in vitro assessment of dermal
penetration.
The dermal penetration of [14C]-warfarin and [14C]-phenacetin was investigated
in static Franz cells using isolated skin preparations obtained from Sprague-Dawley
rats. The rate of percutaneous absorption was compared to that obtained using

standard reference compounds, [14C]-benzoic acid, [14C]-caffeine and [14C]testosterone. Rates of flux (µg/cm2/hour) were calculated as 0.246 and 0.063 for
phenacetin and warfarin respectively.

1590

DEVELOPMENT OF A METABOLISM-BASED PEPTIDE
REACTIVITY ASSAY FOR SCREENING THE SKIN
SENSITIZATION POTENTIAL OF PROHAPTENS
J. D. Vassallo1, F. G. Gerberick1, P. Riley1, M. Quijano1, R. L. Dobson1 and J.
Lepoittevin2. 1Central Product Safety, Procter & Gamble, Cincinnati, OH and
2
Laboratorie de Dermatochimie, Universite Louis Pasteur, Strasbourg, France.
Allergic contact dermatitis resulting from skin sensitization is a common occupational and environmental health problem. Identification of chemical allergens is
typically performed in the local lymph node assay, however there is a need to develop non-animal methods. A strong correlation exists between sensitization potency and the ability of a chemical to react with protein. This relationship was used
as the premise for the development of an in vitro assay to measure the reactivity of
chemical allergens with peptides containing nucleophilic amino acids (e.g. cysteine). Analysis of 60 chemicals, including sensitizers and non-sensitizers, confirmed the correlation between reactivity and sensitization potential and supported
the use of peptide reactivity testing as a screening assay. One challenge of this assay
is that some chemical allergens are prohaptens, and as such require bioactivation
prior to initiating a skin sensitization response in vivo. The purpose of this work
was to develop a metabolic based in vitro assay to determine the reactivity of prohaptens with a cysteine containing peptide following biotransformation. A metabolic system containing peroxidase and peroxide was developed and used to determine the peptide reactivity of 13 prohaptens. Following a 90 minute incubation,
samples were treated with catalase to reduce peroxide, quenched with methanol,
and evaluated by HPLC/MS/MS. Similar to the work done on haptens, the level of
peptide reactivity was generally consistent with the sensitization potency of the prohapten. Strong sensitizers, including; aromatic amines and methyl catechols
showed significant reactivity with the cysteine peptide. In contrast, moderate to
weak sensitizers, including; eugenol, isoeugenol and cinnamic alcohol, showed
modest reactivity with the peptide. Collectively, these data indicate that a metabolism-based peptide reactivity assay may be useful in determining the sensitization
potency of prohaptens.

1591

EVALUATION OF EPIDERM AS A MODEL TO STUDY
IRRITATION AFTER EXPOSURE TO VARIOUS
ALIPHATIC HYDROCARBONS FOUND IN JET FUELS
M. Singh1, R. Babu2, A. Chatterjee1, S. Fulzele1, M. Klausner3 and J. Kubilus3.
1
Auburn University, Auburn, AL, 2College of Pharmacy, Florida A&M University,
Tallahassee, FL and 3MatTek Corporation, Ashland, MA.
Purpose: To evaluate EpiDerm (EPI-200, MatTek Corp, Ashland, MA) as a model
to study the skin irritation of various aliphatic hydrocarbons (AH) found in jet
fuels. Methods: Four AH, undecane, tridecane, tetradecane and hexadecane, were
topically exposed to EpiDerm tissues for 24 hours. Initial experiments were done to
determine dose volumes that avoid significant loss of tissue viability as determined
by the MTT assay. Morphology was studied by hematoxylin and eosin (H&E)
stained histological sections. The release of IL-1α into the culture medium was determined by enzyme immunoassay (EIA) and the expression of TNF-α was analyzed by real-time PCR. Results: Non-cytotoxic doses (viability >98%) of the four
AH disrupted the outer layers of the tissue. All AH induced the release of significantly higher amounts of IL-1α versus control tissues (P < 0.001). As the AH chain
length increased, the IL-1α release increased. Hexadecane induced the highest release of IL-1α versus the other AH (P < 0.01). The expression of TNF-α gene was
2 fold higher for JP-8 and 2 of its components, tridecane and tetradecane, versus
control. These results were further confirmed by similar experiments with full
thickness EpiDerm (EFT-300) using the AH components of JP-8. The findings
with EpiDerm correlate well with our earlier findings from skin irritation studies
conducted on CD Hairless rats with all these chemicals. Conclusion: Overall, our
experiments demonstrate that EpiDerm can be used as a valuable model to evaluate
the skin irritation potential of chemicals and jet fuels
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INTEGRATION OF THE 3R’S IN CHEMICAL TOXICITY
TESTING
L. Waterson, S. Wilkins, P. Rees and M. Wing. Huntingdon Life Sciences,
Cambridgeshire, United Kingdom. Sponsor: E. Moore.
Driven by the proposed changes in the EU chemical testing policy, increased acceptance of in vitro data by the regulators and a desire to implement the 3R’s criteria to maximum effect, our approach to the toxicity testing of chemicals for mammalian effects has been revised. The overall aim is to have a strategy which fits with
the regulatory requirements, provides good, robust data for risk assessment whilst
ensuring we optimise the 3R’s criteria.
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Between January 2004 - September 2005 65 skin and 14 eye in vivo irritation studies were performed. Prior to each study a Weight-of-Evidence (WoE) analysis was
prepared, which included relevant database searches. This together with test substance physical attributes determined whether animal exposure was justified. If the
WoE suggested that the test substance was a strong irritant/corrosive, then an in
vitro alternative assay was performed. In the absence of such an alert, in vivo skin
testing was commenced, initially using single animals. For 2/65 skin and 3/14 eye
studies the available data triggered the requirement to perform an in vitro screen.
All the in vitro skin screens were negative and one eye screen was positive, which
halted further testing. There were no instances where the WoE was an inadequate
alert.
The 3R criteria are applied throughout the regulatory package. The data from the
skin irritation and the acute dermal/oral studies are used to decide whether there is
a need to evaluate dose tolerance prior to performing a Local Lymph Node Assay.
The range finding study performed to select dose levels for the 28-day toxicity
study now uses less animals. There are no control animals and the group sizes are 3
animals/sex. This represents a saving of 22 animals per study, without affecting the
objective. The dose levels for the 28-day study are not only selected from the results
of the 7-day study, but also consideration is given to potential human exposure and
other available data.
Our revised testing approach has clear refinement and replacement elements. The
greatest emphasis is on refinement with a reduction in animals numbers often also
being achieved.
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DEVELOPMENT OF AN IMPROVED EPIOCULAR TEST
PROTOCOL FOR SCREENING OF SEVERE OCULAR
IRRITANTS

G. R. Jackson, P. Hayden, J. Kubilus, Y. Kaluzhny and M. Klausner. R & D,
MatTek Corporation, Ashland, MA.
The EpiOcular (OCL-200) in vitro human ocular epithelium model is capable of
distinguishing between severe, moderate, mild and non-irritant substances, and addresses ICCVAM and ECVAM concerns related to long term reproducibility.
However, greater ability to discriminate between levels of severe ocular irritants
(e.g. severe, very severe) is desirable for testing of some household products and industrial chemicals. The current work describes efforts to develop an improved protocol for testing of severe ocular irritants with the EpiOcular model. The standard
EpiOcular prediction model is based upon the time required for test chemicals to
reduce the viability of EpiOcular cultures to 50% of untreated controls (ET50)
after continuous exposure (i.e. leave-on treatment protocol). We explored new protocols that specify brief chemical treatments followed by chemical removal and extended culture time prior to viability assessment (rinse-off treatment protocol).
Water miscible chemicals with in vivo Draize ocular scores of between 50-108 were
chosen from the ICCVAM “Recommended List of Substances for Validation of In
Vitro Test Methods for the Identification of Ocular Corrosives/Severe Irritants.”
Treatment times ranging from 5 sec. to 10 min. were used, followed by extensive
rinsing and extended culture for 24-48 hrs prior to viability evaluation by the
MTT assay and determination of the ET50. This protocol allows for development
of continuing culture damage or possible recovery of the cultures after chemical removal. With various concentrations of test chemicals including benzalkonium
chloride, sodium lauryl sulfate, cetyl pyridinium bromide, triton X-100, sodium
hydroxide and trichloroacetic acid, correlation coefficients (r2) as high as 0.88 were
obtained between the new EpiOcular protocol ET50 results and published in vivo
Draize MMAS scores. The in vitro-in vivo correlations obtained with the new
EpiOcular protocols compare very favorably with the correlation between published bovine corneal opacity (BCOP) data and in vivo Draize ocular scores for the
same chemicals.
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EYE IRRITANCY TESTING OF HOUSEHOLD
CLEANING PRODUCTS IN THE IN VITRO ISOLATED
CHICKEN EYE (ICE) ASSAY

K. Schutte1 and M. K. Prinsen2. 1Product Safety & Regulatory Affairs, Procter &
Gamble Eurocor, Strombeek-Bever, Belgium and 2Toxicology & Applied Pharmacology,
TNO Quality of Life, Zeist, Netherlands.
The Isolated Chicken Eye Test (ICE) is one of the accepted in vitro animal alternative methods to the OECD rabbit in vivo eye irritation method, the Draize eye test
for the identification of severe irritants or corrosives in Europe. This method was
evaluated in the EC/HO validation study of alternative eye irritation tests (Balls,
1995). Most recently, ICCVAM has evaluated ICE, along with three other methods
for its potential to identify severe eye irritants (2005). The ICE is incorporated as a
routine pre-screen for the Draize eye test in all contract toxicity testing at TNO for
more than 10 years.
In this study, testing of various household cleaning products was conducted using
the ICE at TNO. Formulations and some ingredients for which historic rabbit in
vivo data (from Low Volume Eye Irritation Tests, LVETs) are available were se-
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lected: aqueous-acidic cleaners, aqueous–alkaline cleaners, surfactant-based cleaners
and solid (powder) detergents. Sample Dose volumes of 10 and 30 µl (weight
equivalents of powders) were used, whereby 10 µl correlated to the LVET data and
30 µl correlated to the standard dose volume used routinely in ICE. The model uses
corneal opacity and swelling, fluorescein retention and histopathological analysis of
the cornea to describe effects. Results show that generally, a dose volume of 10 µl
was of good practical use in the assay and provided the best correlation to LVET
data. For the aqueous-acidic cleaners and surfactant-based products, the ICE results
showed very similar irritation potential vs. LVET. Also for the solids, good correlation was observed between ICE and LVET. Seven powder formulas / pure substances ranging from none to severely irritating were correctly predicted by the ICE
in this study. These preliminary results suggest the ICE assay shows value for the
evaluation of a range of household cleaning products.
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APPLICATION OF HISTOLOGICAL EVALUATION TO
ENHANCE THE BOVINE CORNEAL OPACITY AND
PERMEABILITY (BCOP) ASSAY

J. W. Harbell, G. Mun and R. D. Curren. Institute for IN VITRO Sciences, Inc.,
Gaithersburg, MD.
The BCOP assay was optimized to its present form by Drs. Pierre Gautheron and
Joe Sina to address ocular irritation potential of pharmaceutical intermediates and
is now widely applied across industries and chemical/formulation classes.
Membrane lysis, protein coagulation, and saponification are common modes of action that lead to ocular irritation. In our experience, the opacity and permeability
endpoints (generally combined into an “in vitro score”) have been able to identify
the epithelial and stromal changes associated with these types of damage. However,
chemicals that react with nucleic acids, mitochondrial proteins, or other cellular
targets, that do not lead to immediate loss of cellular integrity or protein precipitation, have proven more difficult to identify without the addition of histological
evaluation of the treated corneas. In this study, a series of reference chemicals (i.e.,
surfactants, solvents, acids, alkalis and oxidizers) were exposed to the corneas under
standard assay conditions. The opacity and permeability to fluorescein were measured and the corneas fixed for histological evaluation. The test substances were chosen to induce corneal lesions consistent with the various modes of action.
Histological evaluation was performed on the three layers of the cornea to provide a
direct measure of the depth of injury. This evaluation was used to compare depth of
injury with the opacity and permeability scores and to identify lesions that were not
fully expressed in opacity or permeability changes. For materials inducing membrane lysis, coagulation, and saponification, the opacity and permeability scores
paralleled the depth of injury and histology provided data on specific changes in the
tissue. Furthermore, the action of reactive materials (i.e., hydrogen peroxide) was
detected with histology and its selective action on the stromal keratocytes demonstrated. Histological evaluation of the treated corneas can be useful in directly evaluating lesions and enhancing the interpretation of the opacity and permeability
endpoints.
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A NEW IN VITRO TECHNIQUE TO COMPARE THE
TOXICITIES OF SURFACTANTS IN ISOLATED RABBIT
AND HUMAN CORNEAS

G. Holley1, D. Ghate1, D. Bagley2, M. Blazka2 and H. F. Edelhauser1.
1
Ophthalmology, Emory University Eye Center, ATlanta, GA and 2Research and
Development, Colgate- Palmolive Co., Piscataway, NJ.
Purpose: To describe a new in vitro technique to evaluate and compare the toxicities
of surfactants in isolated rabbit and human corneas.
Methods: Rabbit eyes were obtained from Pel-Freeze, while human corneas stored
in Optisol GS™ were obtained from the Georgia Eye Bank. Corneas were isolated
and mounted for endothelial perfusion in an in vitro water bathed (37 degree C)
specular microscope. Benzalkonium chloride, cetyl alcohol, sodium lauryl sulfate
and sodium sulfolaurate were topically applied to human and rabbit corneas, with
and without an intact epithelium for 3 minutes. The corneal endothelium was continuously perfused with BSS Plus. Following exposure to the corneal epithelium,
the surfactants were removed and the corneas were perfused with BSS Plus, while
the corneal thickness was measured half hourly for 3 hours. The corneas were fixed
for histological evaluation by light and electron microscopy.
Results: The surfactants caused a time and concentration dependent corneal
swelling. The ultrastructural changes and associated damage to the corneal endothelium were seen on both light and electron microscopy. The degree of swelling
and ultrastructural damage was comparable in the rabbit and human corneas.
Conclusion: This study demonstrates the efficacy of this new in vitro technique to
use commercially available rabbit corneas and human eye bank corneas in topical
toxicity studies. The pattern and degree of damage observed in both the human and
rabbit corneas were very similar.
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EVALUATING THE PRECISION, SENSITIVITY AND
CORRELATION OF THE HEN’S EGG TEST –
CHORIOALLANTONIC MEMBRANE METHOD (HETCAM) FOR THE ASSESSMENT OF EYE IRRITATION
POTENTIAL OF FORMULATED PERSONAL RINSE-OFF
PRODUCTS

X. Yan1, C. Piterski1 and S. Nitka2. 1Playtex Products, Inc., Allendale, NJ and
2
Consumer Product Testing Co., Fairfield, NJ.
Regulatory limitations and animal welfare issues have made in vitro test models attractive as alternatives to the Draize eye irritation assay. The Het-Cam has been
found to be a promising model for predicting eye irritation potential since a large
data base exists which demonstrates a robust relationship between the Het-Cam
and the Draize test. The primary goal of this work is to critically appraise both the
Het-Cam methodology and its value as a predictive screen for eye irritation assessment by comparing data derived from both Het-Cam and clinical studies. The second goal is to establish sound scientific support for “tear free” claims for personal
wash and bath products. A total of 24 studies were conducted, including 12 HetCam assays and 12 clinical studies. A currently marketed baby wash product known
for “mildness” to the eyes was employed systematically in all of these studies as the
“gold standard”. Both the Het-Cam assay and the clinical tests demonstrated good
interassay precision, as indicated by low coefficients of variance (%CV). More importantly, a comparison of the results from the Het-Cam versus the clinical studies
provides evidence of a robust correlation between the Cam scores and the irritation
to human eye bulbar conjunctiva, palpebral conjunctiva and scleral vessels. Based
on our results, the Het-Cam assay appears to be a precise, sensitive method that can
provide reliable information on the potential of eye irritation of personal wash
products, providing supplemental evidence to a sound scientific judgment in making “tear free,” “no more tears” or “kind to eyes” claims.
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EVALUATION OF THE OCULAR IRRITATION
POTENCY OF SHAMPOOS USING THE SLUG
MUCOSAL IRRITATION TEST

E. Adriaens1, B. De Wever2 and J. Remon1. 1LAB. Pharmaceutical Technology,
Ghent University, Gent, Belgium and 2De Wever Consulting bvba, Oud-Turnhout,
Belgium.
Several studies have shown that the Slug Mucosal Irritation (SMI) test can be used
to predict the eye irritation potency of chemicals. In this study the ocular irritation
potency of 8 shampoos was evaluated using the SMI assay: 2 baby shampoos (A &
B), 1 children’s shampoo (C), 1 adult shampoo (D) and 4 anti-dandruff shampoos
(E, F, G & H). Slugs (Arion lusitanicus) were placed on a 1% w/v dilution of the
shampoo during 60 min. One hour after exposure, the slugs were placed on a 3.5%
w/v dilution for another 60 min. The irritation potency of the shampoos was estimated by measuring the amount of mucus produced (MP) during each contact period. After each contact period also the release of proteins and enzymes (LDH and
ALP) was measured, an increased release being an indication of tissue damage.
Shampoos A, B & C, claiming to cause no stinging and burning sensations in humans, caused no irritation in the SMI assay (MP < 5% of body weight) or tissue
damage (protein release < 50 µg/ml.g and no enzyme release). Shampoo D, E and
F induced mild irritation (MP between 10 and 15%), however shampoo D did not
induce tissue damage whereas E and F caused some LDH release after the second
60-min contact period. Shampoos G and H caused moderate irritation (MP between 15% and 25%) and LDH release was detected after the second contact period indicating some tissue damage. The product inserts of shampoo G and H
mentioned that contact with the eyes should be avoided, those shampoos contained
both menthol. The results obtained with the SMI assay are consistent with the in
vivo data and demonstrate the usefulness of the SMI for assessing the eye irritation
potential of shampoo’s.
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FRAGRANCE IMPACT ON MARKETED AIR
FRESHENER PRODUCTS BY BCOP ASSAY AND
HISTOLOGY

K. Cater1, C. Reyes2 and J. Harbell2. 1The Dial Corporation, Scottsdale, AZ and
2
IIVS, Gaithersburg, MD.
An exploratory in vitro eye irritation study of marketed solid and liquid air fresheners was conducted to investigate the impact of fragrance/fragrance type on overall
eye irritation for specific product forms. The Bovine Corneal Opacity and
Permeability (BCOP) assay was selected to evaluate eye irritation potential due to
its robustness and ability to test both solids and liquids by direct corneal application. Fragrance concentration, formula ingredients and product delivery system influence degree of impact on eye irritation potential. Six different air fresheners containing a representative “watery-type” fragrance were initially compared to
respective un-fragranced product bases. The BCOP assay-testing scheme was opti-

mized following several trials using neat solid and liquid air fresheners at 3- and 10minute exposures. The greatest changes were noted in the in vitro scores, after 10minute exposures. In vitro scores ranged from 0.0 to 97.1, reflecting a wide range of
epithelial and stromal damage. The “watery-type” fragrance had greatest impact on
eye irritation potential of gel electrics, non-aerosol sprays and scented oils compared to un-fragranced bases. These products were selected for additional investigations on impact of fragrance type on eye irritation potential. Citrus, floral and
spice-type fragrances were evaluated for each product form. In vitro scores ranged
from 5.7 to 110.4. Different fragrance types appeared to have observable impacts
on eye irritation potential for specific product forms. Floral, citrus and spice-type
fragrances had greatest impact on gel electric, non-aerosol spray, and scented oil
product forms, respectively. Histological evaluation of corneas treated with selected
solid and liquid air freshener products further supports the correlation of tissue
damage (e.g., epithelial effects) with in vitro scores. Based on BCOP assay and histology results, the recommended testing protocol for a solid or liquid air freshener
product is to test neat product for a 10-minute exposure and use in vitro score as
the endpoint for evaluation of eye irritation potential.
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DETECTION OF EYE IRRITATION POTENTIAL OF
HAIR DYES WITH A RECONSTITUTED HUMAN
CORNEAL EPITHELIUM MODEL

C. Faller1, M. Bracher1, P. Aeby1, J. Rolle1 and C. Goebel2. 1Toxicology, Cosmital
SA (WELLA AG), Marly, Switzerland and 2Product Safety, WELLA AG, Darmstadt,
Germany. Sponsor: F. Gerberick.
The evaluation of the human corneal epithelium (HCE) model (SkinEthic
Laboratories, Nice, France) to assess acute ocular irritation of chemicals has been
the subject of a recent formal prevalidation study. This model was shown to be able
to discriminate between irritants and non-irritants by means of a classification prediction model based on viability measurement in the MTT assay. In this study, we
investigated the usefulness of the HCE model and of the parameter histology for
the detection of the ocular irritation potential of hair dyes, which are difficult to
evaluate in most of the existing alternative methods because of their coloring properties. Several hair dyes with already available in vivo Draize eye irritation data were
selected and applied topically for different time periods onto the surface of HCE
constructs. At the end of the treatment periods, the tissue cultures were proceeded
for histological examination and, where appropriate, for MTT viability measurement. The comparison between tissue viability and histological changes for the reference item SLS and for the dyes that could be tested in MTT, showed in general a
good agreement between both parameters. For the dyes that could not be evaluated
in MTT, the examination of the time-dependent histological changes allowed to
differentiate the colored test items based on their capacity to damage the corneal
epithelium structures. The histological changes ranged from slight cellular alterations, such as vacuolisation and nucleus (chromatin) condensation, to partial or
complete cell loss, tissue aggregation or necrosis. The concordance between in vitro
and in vivo, which was examined by comparing MTT viability and histology data
with Draize data, indicates that the use of the HCE model with evaluation of histology is a promising tool for the eye irritation prediction of hair dyes.
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A HUMAN CORNEAL EPITHELIAL CULTURE MODEL
FOR EVALUATION OF OCULAR IRRITATION

L. Amenuvor, P. Zeigler, S. A. Hauber, K. N. Roberts and M. J. Powers.
Cambrex Bio Science Walkersville, Inc., Walkersville, MD.
We have developed an in vitro tissue model comprising human corneal epithelial
cells in a physiologically relevant environment. Primary corneal epithelial cells were
isolated from human corneas and transfected with human papilloma virus (HPV)
type 16 E6 and E7 genes. These cells were seeded onto microporous membrane inserts and grown to confluence under standard submerged culture conditions. The
inserts were then cultured at the air-liquid interface in Corneal Epithelial Model
Differentiation Medium to induce stratification and differentiation of the cells.
Cell growth and culture parameters were tightly regulated to ensure normal cell behavior and morphology. Routine characterization included Trans Epithelial
Electrical Resistance (TEER), histological analysis, and time-to-toxicity (ET50) for
0.3% Triton X-100 using the MTT cytotoxicity assay. The culture models exhibited a histological profile similar to that observed with in vivo corneal epithelium.
Lot-to-lot consistency was demonstrated using statistical analysis of multiple ET50
data. Furthermore, the cytotoxic response of the system to known cationic (benzalkonium chloride), anionic (sodium lauryl sulfate) and nonionic (Triton® X-100)
surfactants, was evaluated at concentrations correlating to a spectrum of Draize
scores. Data showed good correlation with published MMAS values. Based on these
results, the human corneal epithelial culture model described here presents a promising in vitro system for the assessment of ocular toxicity and irritancy.
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RISK ASSESSMENT FOR PCBS IN DRINKING WATER
1

2

1 1

J. Avalos , R. A. Howd and R. Brodberg . OEHHA, Cal/EPA, Sacramento, CA
and 2OEHHA, Cal/EPA, Oakland, CA.
OEHHA develops public health goals (PHGs) for regulated chemicals in drinking
water. Among these chemicals are the polychlorinated biphenyls (PCBs), a group of
synthetic organic chemicals produced in the US from 1930 to 1977, used as
coolants in transformers. Varying chlorination within the structure can yield 209
different isomers with varying physical properties. Each commercial PCB product
contained different mixtures of the compounds. Current exposure to PCBs is primarily through ingestion of animal products, while inhalation, water ingestion, and
soil exposure are lesser exposure pathways. The mixture of PCBs available through
the different sources varies because distribution to and elimination from the sources
varies with isomer properties such as vapor pressure and lipophilicity. The risk assessment for drinking water was based on effects of the more water-soluble PCBs
expected to be found in water, which was defined as congeners with 4 or fewer
chlorines and a water solubility of 240 mg/L or more. Multiple studies demonstrate
PCB carcinogenicity. The health-protective concentration is derived from hepatocarcinogenicity in rats by fitting the linearized multistage model to data for various
commercial PCB mixtures, extrapolating from the LED10. Based on the U.S. EPA
PCB guidance document (1999), the slope factor used in our approach was 0.4
(mg/kg-d)-1 for the low risk, low persistence tier. This results in a proposed PHG of
0.09 mg/L (0.09 ppb), associated with an extra cancer risk of 10-6. The health-protective concentration for non-cancer effects is estimated as 0.3 mg/L (0.3 ppb),
based on neurological and developmental effects in monkeys. This may be the first
application of the U.S. EPA tiered approach for PCBs in a drinking water standardsetting process. Because this is representative of the problems associated with risk
assessment of environmentally variable residue mixtures, this may deserve special
attention and discussion. The U.S. EPA and California Maximum Contaminant
Level for PCBs in drinking water is 0.5 ppb.

1603

PREDICTION OF THE HEALTH EFFECTS OF
POLYCHLORINATED BIPHENYLS (PCBS) AND THEIR
METABOLITES USING QUANTITATIVE STRUCTURE
TOXICITY RELATIONSHIP (QSTR)

P. Ruiz, O. Faroon, H. Hansen and M. Mumtaz. CDC/ATSDR, Atlanta, GA.
Polychlorinated Biphenyls (PCBs) consist of 209 persistent congeners, which are
slightly different in chlorine content and location, but structurally related environmental contaminants. PCBs are known to induce a variety of health effects.
However, the mechanism(s) of toxicity of several individual congeners or their
metabolites is not clear. Often PCBs have been toxicological tested as commercial
mixtures (Aroclors) but usually environmental exposure to small number of specific
congeners does occur, that necessitates their individual toxicity evaluation for complete hazard estimation. Due to lack of toxicological data, quantitative structure
toxicity relationship (QSTR) approach utilizing TOPKAT® software package is
proposed to assess the potential carcinogenesis, mutagenesis and developmental
toxicity of a set of low chlorinated PCBs and their possible metabolites. The TOPKAT® predictions were analyzed to define the underlying generalizations between
the parents PCBs compounds, their metabolites, and their endpoints. The TOPKAT® estimations suggest that mono and di-chlorinated PCBs and their metabolites can be potential mutagens. Also, the results show that PCB benzoquinones
metabolites could be carcinogenic but the weight of evidence is poor.
Developmental toxicity was identified as possible potential effect for the hydroquinone PCB derived metabolite and this toxicity increases as the number of chlorines increase in the parent molecule. These results support the hypothesis that environmental exposure to PCBs and/or their metabolites could produce
mutagenicity and developmental toxicity, hence these data should be considered as
priority data needs. This quantitative and qualitative analysis broadens and extends
limited information published on the potential mechanism (s) of PCBs toxicity for
a few molecules to a sub-group of chemicals and defines the future research for the
toxicological testing on PCBs. However, these results need to be experimentally
confirmed.

1604

DEVELOPMENTAL EFFECTS ASSOCIATED WITH
ENVIRONMENTAL PCB EXPOSURE: A REANALYSIS
THROUGH EXPOSURE STANDARDIZATION AND
SYSTEMATIC APPLICATION OF CAUSALITY CRITERIA

N. El Majidi1, M. Bouchard2, 1, N. Gosselin1, D. Schoen3 and G. Carrier1, 2.
1
Occupational & Environmental Health, Universite de Montréal, Montréal, QC,
Canada, 2Institut national de Santé publique du Quebec, Montréal, QC, Canada
and 3Health Canada, Longueuil, QC, Canada.
Polychlorinated biphenyls (PCBs) are persistent environmental pollutants mainly
present in the food chain, which bioaccumulate in the human body. Several authors
have studied the effects of low PCB exposure levels on the human neurodevelop-
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ment. Nevertheless, comparison of results between studies remains difficult given
the variations in exposure measurements (biological matrices, measured PCB congeners). A systematic reanalysis of epidemiological studies assessing the relation between PCB exposure and neurodevelopmental effects was thus conducted with the
emphasis on data published between 1997 and 2005. This was achieved through a
standardization of the reported exposure data, in terms of total PCBs per kg of
lipids, which allowed a direct comparison of the results obtained from different
studies for any neuropsychological test (NBAS, Bayley, Mc Carthy, FTII, K-ABC
and RDLS tests). The causal relationship between standardized biological concentrations and observed effects was then assessed through the application of Hill criteria. From the analysis of all the available data, the following criteria were not satisfied: dose-response relationship, association strength, specificity and consistency.
Indeed, for a same test, some authors failed to observe any association at high PCB
levels while others reported a significant association at lower levels. Furthermore, although PCB concentrations in the various biological matrices are correlated, contradictory associations were reported for different matrices. Inconsistencies have
also been noted for neuropsychological tests with several scales. Some results also
became non-significant after controlling for confounding variables such as the
HOME score. The available data render difficult the establishment of a causal relation between PCB exposure and developmental effects, in the range of current exposure levels of North Americans.

1605

PCB CONGENER-SPECIFIC RISK ASSESSMENT

J. Yang and A. G. Salmon. OEHHA, Cal/EPA, Oakland, CA.
Polychlorinated biphenyls (PCBs) are ubiquitous global contaminants with important toxic effects, in particular carcinogenicity and developmental toxicity. Health
risk assessment for this class of chemicals is complex, since exposure occurs to mixtures of many PCB congeners in differing proportions. Congeners’ potencies for
several distinct toxic effects vary depending on their structure. Coplanar congeners
cause a suite of dioxin-like responses, including carcinogenicity, associated with activation of the Ah receptor. Risk assessment for coplanar PCBs and other dioxinlike compounds uses a toxic equivalency factor (TEF) approach, relating the potency of individual congeners to that of TCDD. Unfortunately, no such unifying
methodology currently exists for the non-coplanar PCBs, and few pure congeners
have been extensively studied. A TEF approach could support analysis of experiments in vivo with PCB mixtures, and eventually allow risk assessment for mixtures
other than the few well-studied source materials. To address this deficiency, we correlated published data for several PCB congeners on endpoints in vitro which may
be related to toxicity, with the eventual aim of identifying one or more readily accessible parameters which correlate with the toxic responses seen in vivo. Data are
available for several congeners, including PCB 28, 47, 77, 118, 126, 153, and 169,
which show NOAEL ranges for different endpoints in vivo related to development
and function of the central nervous system of 0.036 - 0.18, 1 - 10, <0.1 - 2, 0.0174.6, <0.000025 - 0.46, 0.034 - 16, and <0.2 - 2 mg/kg/day, respectively.
Neurochemical parameters have been measured in vitro, including dopamine content, protein kinase C translocation, and calcium homeostasis. EC50s for these
endpoints are correlated (r = 0.60 to 0.99, P < 0.05) for different congeners in several series of experiments. These parameters may also relate to important responses
in vivo, suggesting that useful TEFs can be developed, especially if more data on a
wider range of individual congeners become available.

1606

DERIVATION OF A DRINKING WATER ACTION LEVEL
FOR TRIETHYL PHOSPHATE

C. J. Inhof1, M. H. Whittaker1, A. Gebhart2 and F. Hammer2. 1ToxServices,
Washington, DC and 2Underwriters Laboratories, Inc., Northbrook, IL.
Triethyl phosphate (TEP) is used as a resin modifier and plasticizer in adhesives and
plastics that contact potable drinking water. When such products are evaluated to a
national health effects standard for use in drinking water systems, any chemical extracting from these products must be below an appropriate action level. As defined
by ANSI/NSF Standard 61, a Total Allowable Concentration (TAC) is the maximum concentration of a nonregulated contaminant allowed in a public drinking
water supply; a default Single Product Allowable Concentration (SPAC) is 10% of
the TAC. To determine an action level for TEP, a comprehensive health effects evaluation was performed. TEP does not appear to be a genotoxin based on multiple
mutagenicity assays, a single cytogenicity assay, and a single cell transformation
assay. Effects reported in repeat-dose toxicity studies include increases in absolute
and relative liver weights, hepatocellular hypertrophy, increased testes weights, and
cholinesterase inhibition. The liver weight increases and hepatocellular hypertrophy
following repeated exposures to high TEP concentrations are likely associated with
metabolic upregulation and, therefore, are of questionable biological significance.
Only one study reported increases in absolute testes weights among rats fed TEP
(460 mg/kg/day). TEP’s effect on cholinesterase activity has been evaluated in mul-

tiple toxicity studies since this chemical is an organophosphate. Animal studies have
demonstrated that TEP inhibits cholinesterase only at concentrations above 400
mg/kg/day (rats, repeat dose) and 250 mg/kg (dogs, single dose). Collectively, available toxicity data indicate that TEP is without adverse health effects at concentrations below 100 mg/kg/day. A 0.1 mg/kg/day RfD was derived using a 100
mg/kg/day NOAEL from a 28-day study in rats, and uncertainty factors totaling
1000. A TAC of 0.7 mg/L was derived for TEP based on the RfD, a default relative
source contribution factor of 0.20, and a drinking water intake of 2 L/day. The
SPAC is set at 10% of the TAC or 0.07 mg/L.

1607

CLASS-BASED DRINKING WATER ACTION LEVEL FOR
ISOBORNYL ACRYLATE ISOMERS

M. H. Whittaker1, A. Gebhart2 and F. Hammer2. 1ToxServices, Washington, D.C.,
DC and 2Underwriters Laboratories, Northbrook, IL.
Isobornyl acrylate isomers comprise isobornyl acrylate and endo-1,7,7-trimethylbicyclo(2.2.1)hept-2-yl acrylate. Isobornyl acrylate isomers extract into potable water
from ultraviolet or e-beam cured adhesives and resins. When such products are
evaluated to a national health effects standard for use with drinking water, any
chemical extracting from these products must be below an appropriate action level.
As defined by Standard 61, a Total Allowable Concentration (TAC) is the maximum concentration of a nonregulated contaminant allowed in a public drinking
water supply. Toxicity data on isobornyl acrylate isomers comprise acute toxicity
data and a mouse lymphoma assay. Gaps in the toxicological dataset are significant
and require the use of a qualitative, class-based approach to derive a 50 µg/L TAC.
Literature searches were conducted to identify toxicity data on structurally similar
chemicals. Relevant toxicity data were identified for isobornyl acetate, isobornyl
propionate, and methylmethacrylate-n-decylmethacrylate-isobornylmethacrylate.
All three chemicals are bicyclic compounds, and share a similar chemical backbone.
Genotoxicity, subchronic, and reproduction toxicity data on these three chemicals
were reviewed to investigate possible health hazards from this class of chemicals.
These data indicate that this chemical class is not genotoxic, and identify nephrotoxicity as the critical health effect. There are uncertainties associated with the use
of a class-based approach, including potential differences in dose-response curves
between isobornyl acrylate isomers and the surrogate chemical with repeat-dose
toxicity data. A margin of exposure (MOE) was calculated to put into perspective
the margin between the 50 µg/L TAC for isobornyl acrylate isomers and the 15
mg/kg/day NOAEL for isobornyl acetate identified in a 90-day study. This MOE is
greater than 10,000, and provides assurance that adverse health effects are unlikely
to occur at isobornyl acrylate isomers’ 50 µg/L TAC.

1608

DEVELOPMENT OF A HUMAN HEALTH-BASED
DRINKING WATER MAXIMUM CONTAMINANT LEVEL
FOR PERCHLORATE

G. B. Post1 and P. Cohn2. 1Science, Research, and Technology, New Jersey
Department . of Environmental Protection, Trenton, NJ and 2Environmental Health
Service, NJ Department of Health and Senior Services, Trenton, NJ.
Perchlorate is an inorganic ion which has been detected in drinking water supplies
throughout the United States, including in New Jersey. It is used as an oxidizer in
explosives, is found in fertilizer from Chile, and may also occur naturally. The adverse effects of perchlorate arise from inhibition of iodine uptake into the thyroid
gland, which may lead to disturbance of thyroid function at sufficient doses.
Pregnant women and infants are considered to be sensitive subpopulations for perchlorate’s effects, as hypothyroidism can have serious consequences on neurodevelopment. The evidence from clinical and epidemiological studies indicates that there
is sufficient data to support the establishment of a No Observed Effect Level
(NOEL) from the low dose group of 0.007 mg/kg/day in a radioiodine uptake
study (Greer et al., 2002) and to support the protectiveness of a Reference Dose
(RfD) of 0.0007 mg/kg/day that is ten times lower, as recommended by NRC
(2005). Inhibition of iodide uptake is not considered in itself to be an adverse effect, and effects on TSH and T4 were not observed in the dose range used in clinical studies or in an occupational cohort. Thus, it appears that the margin between
the NOEL and adverse effects is at least two orders of magnitude or more in healthy
adults. Exposure assumptions for adults (ingestion of 2 L water/day, 70 kg body
weight) and a Relative Source Contribution Factor (RSC) of 20% were applied to
derive a proposed health-based drinking water level of 5 ug/L. The RSC was judged
appropriate based on data on the occurrence of perchlorate in produce and milk.
Since infants are considered to be a sensitive subpopulation for perchlorate’s effects,
health-based drinking water levels based on exposure assumptions for infants were
also developed for comparison. The drinking water level based on adult exposure is
anticipated to be protective for infants as well.

1609

A TWO-TIER APPROACH FOR EVALUATING THE
RELEVANCE OF MULTIROUTE EXPOSURES IN
ESTABLISHING DRINKING WATER GOALS FOR
VOLATILE ORGANIC CHEMICALS

R. Carrier2 and K. Krishnan1. 1SEST, University of Montréal, Montréal, QC,
Canada and 2Water Quality and Health Bureau, Health Canada, Ottawa, ON,
Canada.
In establishing the drinking water goals (DWGs) for volatile organic chemicals
(VOCs), the contribution of inhalation and dermal routes associated with showering/bathing could be important. It can be time-consuming to evaluate the relevance
of each of these routes for each VOC in the context of risk assessment. The present
study was therefore undertaken to develop a 2-tier approach for evaluating the relevance of inhalation and dermal routes for deriving DWGs for VOCs. Tier I evaluates whether a chemical is likely to contribute at least 0.15 L-equivalent (i.e., 10%
of the daily dose from ingestion of 1.5 L drinking water) by the dermal or inhalation route. Based on the route-specific exposure parameters (i.e., area of skin exposed, skin permeability coefficient (Kp) and air to water concentration ratio during use conditions (Fair-water ), breathing rate, duration of contact, and fraction
absorbed), it was determined for VOCs with Kp < 0.024 cm/hr and Fair-water <
0.00063, the dermal and inhalation routes during showering and bathing are unlikely to contribute significantly to the total dose. For chemicals with Kp value of
0.025 cm/hr or greater, dermal notation is implied and as such tier II calculation of
L-equivalent associated with dermal exposure was performed as: 6.3 x Kp (cm/hr).
For VOCs with Fair-water > 0.00063, inhalation notation is implied and tier II
evaluation of the L-equivalent associated with inhalation exposure was conducted
as: 236.25 x Fair-water. The results of the 2-tier approach for dermal and inhalation
routes were consistent with the results previously obtained for chloroform and
trichloroethylene using PBPK modeling, in the context of Health Canada assessments. The 2-tier approach developed in this study should allow qualitative and
quantitative evaluations of the relevance of dermal and inhalation rotes for developing guidelines values for drinking water contaminants.

1610

PROBABILISTIC MODEL FOR MICROBIAL RISK
ASSESSMENT IN RECREATIONAL WATERS

J. K. Tolson1, 2, C. P. Villaroman2, E. M. Tufariello1, S. R. Custance2, R.
Lanyon3, T. C. Granato3, J. Zmuta3 and C. J. Petropoulou2. 1GeoSyntec
Consultants, Tampa, FL, 2GeoSyntec Consultants, Baton Rouge, LA and
3
Metropolitan Water Reclamation District of Greater Chicago, Chicago, IL.
Exposure to microbiologically contaminated recreational water has been linked to
multiple adverse health outcomes including infections of the eyes, ears, skin, and
gastrointestinal system. This analysis was conducted to estimate the risks from
recreational use of a waterway receiving treated but not disinfected effluent from a
municipal wastewater treatment facility. Waterway samples were collected at locations upstream and downstream of the effluent outfall over five sampling events
during dry weather conditions within the recreational season. Samples were submitted for microbiological analysis for organisms that have the potential of producing gastrointestinal illness including: 1) bacteria (E. Coli, enterococci, and salmonella); 2) protozoa (giardia and cryptosporidium); and 3) viruses (total enteric
viruses, calicivirus and adenovirus). The geometric mean of the pathogen concentration from the five sampling events was assumed to represent the expected
pathogen levels over the recreational segment of the waterway. A probabilistic
analysis was conducted to estimate exposure. The recreational canoeist was the receptor of interest and exposure parameters were developed from the primary literature and local use surveys. Since gastrointestinal disease is often spread through secondary contact with infected individuals, the population of interest included the
primary receptor in addition to the receptors immediate family. Secondary attack
rates were developed for each pathogen from literature sources. Results indicate that
recreational exposure may result in gastrointestinal illness for individuals and their
families. A sensitivity analysis conducted on the exposure parameters suggests that
ingestion volume is a major source of the uncertainty in the analysis.

1611

RISK OF CRYPTOSPORIDIUM INFECTION AMONG
BALTIMORE URBAN ANGLERS

J. D. Roberts1, 2, E. K. Silbergeld2 and T. Graczyk3. 1ChemRisk, Inc., San
Francisco, CA, 2Department of Environmental Health Sciences, Johns Hopkins
University, Bloomberg School of Public Health, Baltimore, MD and 3Department of
Molecular Microbiology and Immunology, Johns Hopkins University, Bloomberg
School of Public Health, Baltimore, MD.
Urban fishing, the practice of fishing in urban waterways for recreational or subsistence purposes, is an under-recognized environmental health issue. In urban areas,
the environmental factors that are especially troublesome are due to exposure from
microbiological contaminants, such as Cryptosporidium. This study examines the

SOT 2006 ANNUAL MEETING

329

risk of exposure to Cryptosporidium based on fish and hand samples taken from
urban anglers. Information regarding fishing frequency and consumption were also
collected through an interview questionnaire to examine this risk. Based on the
hand samples and the information provided from the urban angler questionnaire, it
was determined that the probability of infection using the U.S. Environmental
Protection Agency’s dose-response model for Cryptosporidium, could be as high as
one indicating that infection would occur, if proper hand washing did not occur.
Even with the most conservative estimates the probability of infection based on the
fish and hand samples was 0.22 and 0.41, respectively using a Monte Carlo analysis. Unfortunately, many of the anglers interviewed during this research were unaware of this risk because the current Maryland fish consumption advisories provide no information in regard to exposure to Cryptosporidium or any
microbiological contaminant. This research provides enormous implications for the
necessary changes and improvements that need to be made in order to improve and
adequately inform the anglers of these potential health risks. Furthermore, this research embarks on a new frontier of research that not only Maryland can benefit
from, but other states who share similar problems with microbiological contamination of their urban watersheds.

1612

ASSESSMENT OF LA SEWAGE SPILLS ON SANTA
MONICA BAY BEACHES

S. Hong1, D. Proctor1 and B. Finley2. 1Exponent, Irvine, CA and 2ChemRisk,
SanFrancisco, CA.
There has been increased concern regarding the potential health impacts of
pathogens on beach recreators. Identification and control of pathogen sources can
be difficult because there are often many possible sources, including spills of untreated sewage into storm drains, leaking septic tanks, runoff from farms, yards
where domestic pets are kept, marinas, and even recreators themselves. Sewage
spills typically occur as a result of heavy rain events wherein rainwater infiltrates
and damages the sewage lines; dry spills occur as a result of line blockage due to illegal waste disposal, root infiltration, etc. Santa Monica Bay (SMB) in the Los
Angeles (LA) area is one of the most heavily trafficked bays in the US, receiving approximately 50-60 million visitors per year. An epidemiology study of SMB beachgoers suggests that symptoms of infectious diseases occur more frequently among
those who contact storm drain water and bacteria levels are highest in storm drain
water. To assess the impact of LA sewage spills on water quality in SMB, we evaluated data collected from 18 SMB monitoring stations, sampled daily for E.coli/fecal
coliform, enterococcus, and total coliform over the past three years (over 40,000
measurements). The monitoring stations are generally located adjacent to storm
drain outfalls. These data were analyzed relative to the date, location, and estimated
volume of sewage spills occurring over the same period. The purpose of this analysis was to determine whether and to what degree City of LA sewage spills contribute to bacteria levels in SMB. For each monitoring station, we found that mean
levels of bacteria measured during wet weather were statistically significantly higher
than those measured during dry weather, indicating that storm drain discharge was
a significant factor. However, bacterial levels at each station were generally no
greater on “spill days” compared to days where no spills occurred. These findings
suggest that storm water runoff, and specific sources, contribute most significantly
to bacterial levels in SMB, but that sewage spills are unlikely to be a significant
source of bacteria.

1613

HEALTH RISK ASSESSMENT OF
CHLOROBENZENEDIAMINE IN DRINKING WATER

V. S. Bhat, G. L. Ball, C. J. McLellan and C. D. Gillilland. NSF International,
Ann Arbor, MI. Sponsor: M. Dourson.
Acceptable levels of 4-chloro-1,3-benzenediamine in drinking water were determined based on Annex A of NSF/ANSI 61 (2004). No human epidemiological, kinetic, or metabolic data were identified for 4-chloro-1,3-benzenediamine. Reduced
mean body weight, renal nephropathy, and hepatic basophilic changes were observed in male and female F344 rats at an increased incidence compared to controls
after chronic dietary administration of 4-chloro-1,3-benzenediamine. The kidney
and liver changes are common findings among control F344 rats, thus were not
considered treatment-related. Tumors observed at increased incidences compared to
controls included adrenal pheochromocytomas and testicular interstitial-cell tumors in male rats. Both tumor types in male rats were within historical control
ranges, thus were not considered treatment-related. In B6C3F1 mice, dose-related
reductions in mean body weight in males and females and renal glomerulonephritis
in males were observed after chronic dietary administration of 4-chloro-1,3-benzenediamine. The combined incidence of hepatocellular carcinomas and adenomas
was increased compared to controls in female mice. The biological significance of
the hepatocellular tumors in mice is unclear, since the incidence was within some
published historical control ranges but outside others. Further, there is a high spontaneous incidence of hepatocellular tumors in B6C3F1 mice. 4-Chloro-1,3-benzenediamine was mutagenic in S. typhimurium and induced chromosomal aberrations and sister chromatid exchanges in vitro. No in vivo genetic toxicity data were
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identified. According to U.S. EPA (2005) guidelines, there is inadequate information to assess carcinogenic potential of oral exposure to 4-chloro-1,3-benzenediamine in humans. The oral Reference Dose (RfD) of 0.5 mg/kg-day was based on
reduced mean body weight in rats. The RfD was used to the determine the Total
Allowable Concentration in drinking water of 0.3 mg/L, which included a 10x
safety factor to account for the equivocal carcinogenic potential in mice and the
positive in vitro but lack of in vivo genotoxicity data.

1614

MEASUREMENT OF BLOOD IGE IN INDIVIDUALS
EXPOSED TO FORMALDEHYDE
K. OHMICHI1, M. Komiyama1, 2, 3, Y. Matsuno1, 2, 3, Y. Sawabe4, H. Miyaso1,
E. Todaka1, 2, 3, H. Fukata1, 2, M. Ohmichi5, T. Kadota1, 2, F. Nomura4 and C.
Mori1, 2, 3. 1Department of Bioenvironmental Medicine, Graduate School of Medicine,
Chiba University, Chiba, Japan, 2Center of Environmental Health Science for Future
Generations (NPO), Chiba, Japan, 3Center for Environment, Health and Field
Sciences, Chiba University, Kasiwa, Japan, 4Department of Molecular Diagnosis,
Graduate School of Medicine, Chiba University, Chiba, Japan and 5Chiba City Social
Welfare Administrative Office, Chiba, Japan.
Gross anatomy course is one of the compulsory subjects in most medical and dental schools. The cadavers for the gross anatomy course were injected by embalming
fluid which contains formaldehyde (FA) as a principal component. During the
course, FA vapors are emitted from the cadavers, resulting in the exposure of individuals to elevated levels of FA. Under the circumstances, we conducted a questionnaire to check the physical conditions and chemical sensitivities. In the result, “eyestrain,” “nasal discharge or stuffiness,” “eye itching” and/or “hyperosmia” applied to
some students throughout the course. These results suggest that the exposure to FA
could be one of the factors inducing the changes in physiological condition. In the
present study, 11 subjects who participated the gross anatomy course were investigated to determine if the presence of IgE was associated with personal exposure to
FA. The blood total IgE level of 11 subjects did not significantly change in during/after the gross anatomy course compared to the level before the course. To complement these data, we also investigated the changes in specific IgE to FA of 6 subjects, resulting that specific IgE to FA of them remained negative to FA. We
concluded that exposure to FA hardly evokes the production of IgE.

1615

NON-CYTOTOXIC CELL PROLIFERATION AS A
SUBCOMPONENT OF THE MODE OF ACTION FOR
FORMALDEHYDE-INDUCED CARCINOGENESIS
C. Thompson1 and R. C. Grafstrom2. 1ORD/NCEA-W, US Environmental
Protection Agency, Washington, DC and 2Institute of Environmental Medicine,
Karolinska Institutet, Stockholm, Sweden. Sponsor: S. Barone.
The U.S. EPA Cancer Guidelines suggest that human health risk assessments include alternate plausible modes of action as a way to improve hazard characterization in assessments. Recently, formaldehyde was classified by the International
Agency for Research on Cancer as a human carcinogen based on epidemiological
evidence for increased risk of nasopharyngeal carcinoma, and plausibility from animal bioassay studies indicating that formaldehyde inhalation causes nasal tumors in
animal test species. A biologically motivated dose response model based on these
animal studies suggests that saturation of formaldehyde dehydrogenase (ADH3),
cytotoxicity, and regenerative hyperplasia are proposed key events in a mode of action for development of respiratory tract tumors at the portal of entry.
Epidemiological studies also indicate an increased risk for leukemia following
formaldehyde inhalation exposure, which suggests that the currently proposed
mode of action for nasal tumors may be inadequate for other cancers and perhaps
incomplete with respect to nasal tumors. A refinement of the hypothesized mode of
action might include recent evidence that ADH3 mediates the reduction of S-nitrosoglutathione (GSNO), which appears to be a primary function of this enzyme.
We present evidence that under certain conditions formaldehyde might enhance
cell proliferation via a mode other than cytotoxicity, and this could represent a subcomponent of the cell proliferation observed in animal bioassays.(The views expressed in this manuscript are solely those of the authors and do not represent the
policies and/or endorsement of the U.S. Environmental Protection Agency.)
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TIME AND DOSE-DEPENDENT FACTORS IN GENETIC
SUSCEPTIBILITY TO ACETAMINOPHEN
HEPATOTOXICITY
A. Hege1, 2, P. Ross2, L. Balletta3, B. Bradford2, G. Boorman4, R. Tennant4, 1,
M. Bogue5, K. Paigen5, D. Threadgill3, 1 and I. Rusyn2, 1. 1Curriculum in
Toxicology, UNC-Chapel Hill, Chapel Hill, NC, 2Environmental Sciences and
Engineering, UNC-Chapel Hill, Chapel Hill, NC, 3Department of Genetics, UNCChapel Hill, Chapel Hill, NC, 4NIEHS, Research Triangle Park, NC and 5The
Jackson Laboratory, Bar Harbor, ME.
The mouse is an invaluable model for study of linkages between the genome and
phenome, facilitating a knowledge base for genetic diversity, gene-environment interactions and toxicological endpoints. Inbred mouse strains comprise diverse ge-

netic lineages that may be conducive to modeling human outbred populations. By
utilizing several strains in our research, we aim to develop biomarkers that are predictive of susceptibility to toxic injury. Acetaminophen (APAP) was selected as a
model hepatotoxicant because much information exists regarding the mechanisms
of toxicity and conventional clinical markers largely fail to connect toxicity and
clinical outcome. A panel of 37 inbred strains from the Mouse Phenome Project
was selected for this study. Male mice were fasted for 18 hrs, administered an acute
dose of APAP (300 mg/kg) or vehicle (0.5% methylcellulose), and sacrificed at 4 or
24 hr post-dosing. A dramatic gradient of APAP-induced toxicity was detected
across strains. Serum enzyme markers indicated that some strains have a more rapid
response to APAP treatment, with higher values at 4 hrs than at 24 hrs. Additional
doses (30, 100, 200, 600, 900, and 1200 mg/kg) were tested in non-responder and
high-responder strains. The dose-response profiles vary by genetic background,
with some strains sustaining injury at lower doses at which others are protected, indicating that susceptibility to injury is not simply a function of dose, but is due to
complex genetic or gene-environment interactions. The data indicate that strainspecific liver injury research may be useful in predicting individual susceptibility to
toxicant exposure and may prove to be useful in risk assessment. Grants supported
by NIEHS: ES11391, ES11660, ES10126, T32-ES07126, N01-ES-35513, N01ES-25497, N01-ES-65406.
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DRUG TOXICITY SIGNATURES FOR
ACETAMINOPHEN USING THE PHARMGENIX PANEL
OF RATS
1

1

1

1

2

2

S. H. Nye , D. Evans , J. Baye , H. Vernon , M. Hessner , X. Wang , R. J.
Roman2, 1 and H. J. Jacob2, 1. 1PhysioGenix, Inc., Milwaukee, WI and 2Medical
College of Wisconsin, Milwaukee, WI. Sponsor: Y. Dragan.
The ability of toxicogenomics to predict drug toxicity is unmet for reasons including the kind of animal model being studied. PhysioGenix has combinatorially bred
4 inbred rat strains to produce 6 F1 hybrids, called the PharmGenix panel. This
strategy maximizes genetic diversity, enriches the chance to detect toxicity over inbred and outbred strains, and provides an ideal platform for creating drug toxicity
signatures using microarray. Serum and tissue samples were collected from
PharmGenix and F344 rats following treatment with the hepatotoxin acetaminophen (1000mg/kg for 24 hours). Liver damage was assessed by ALT and found to
be 10 to 20-fold more elevated in F344 and two sensitive PharmGenix strains
(F344xBN, F344xLEW) than the resistant hybrid (F344xWKY). Histopathology
revealed extensive hemorrhage and necrosis, but only in the sensitive strains.
Microarray analysis of centrilobular liver tissues detected 293 differentially expressed genes for the F344 rat and 502 for the 3 PharmGenix rats (all F344 hybrids). Having both sensitive and resistant PharmGenix strains with a common
genome background enabled us to categorize genes/ESTs for exposure (54), toxicity
(65) and resistance (104). Insight into the mechanism of acetaminophen toxicity
was gained by detecting genes in the glutathione elimination pathway.
Upregulation of genes (p<.05) for 5 key enzymes was detected by the resistant hybrid including glutathione-S-tranferase α2 (3X), glutathione synthase (4x), glutamate cysteine ligase (4x), glutathione reductase (4x) and glucose-6-P-dehydrogenase (10x). The F344 missed detecting 3 of these genes and no sensitive strain
detected GSTα2. We conclude that using a drug vs. vehicle comparison in a single
strain can not distinguish between gene expression differences caused by the drug’s
exposure, toxicity, secondary or strain-specific responses. By including multiple
sensitive and resistant strains with a common genome background, we distinguished likely exposure genes/ESTs from those due to toxicity.
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EVALUATION OF THE DRUG INTERACTION
BETWEEN DESIPRAMINE ADMINISTERED ORALLY
AND MORPHINE ADMINISTERED SUBCUTANEOUSLY:
EFFECTS ON ANTINOCICEPTIVE RESPONSE AND
LETHALITY IN RATS

E. Zahalka and H. Seung. Gene Logic, Inc., Gaithersburg, MD.
Desipramine is under consideration as a potential treatment for cocaine dependence. Because many cocaine abusers also abuse opiates, the safety of cocaine dependence medications in the presence of opiates is important. The present study is
designed to evaluate whether desipramine will potentiate morphine-induced lethality in rats and whether the animals’ tolerance to pain is affected as measured by the
tail-flick procedure. Male rats were assigned to 12 groups (10 animals/group) and
dosed with a single oral dose of 0, 30, or 90 mg/kg desipramine. One hour later a
single subcutaneous dose of 0, 2, 6, or 400 mg/kg morphine was administered. The
antinociceptive response was determined 20 minutes after treatment with morphine. Treatment of animals at 400 mg/kg morphine alone resulted in 1 of 10 animals dying, while pre-treating these rats with 30 or 90 mg/kg of desipramine resulted in 5 and 7 deaths, respectively. The decreases in body weights were similar
with animals treated with desipramine and/or morphine. At 20 minute postdose of

morphine, languid behavior was observed in all animals at 0, 30, or 90 mg/kg desipramine and 400 mg/kg morphine. Similar clinical signs were observed at 400
mg/kg morphine alone, while no clinical finding noted following desipramine
alone. The effects on tail flick latency at 30 or 90 mg/kg desipramine and 6 mg/kg
morphine were similar to the effects observed at 6 mg/kg morphine alone, while at
2 mg/kg morphine, there was a noteable increase in the tail flick latency for animals
pre treated with 30 or 90 mg/kg desipramine relative to the animals at 2 mg/kg
morphine alone. In conclusion, the pre-treatment of morphine animals (400
mg/kg) with desipramine (30 or 90 mg/kg) resulted in potentiation of lethality. The
latency to respond to thermal stimulus was potentiated by pre-treatment of morphine animals (2 mg/kg) with 30 or 90 mg/kg of desipramine. Similar effect was
not observed at higher dose of morphine.
This project was supported by contract number N01DA-4-8841 from the National
Institute on Drug Abuse.
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EVALUATION OF THE DRAG INTERACTION
BETWEEN DESIPRAMINE ADMINISTERED ORALLY
AND COCAINE ADMINISTERED
INTRAPERITONEALLY: EFFECTS ON LETHALITY IN
RATS

H. Seung and E. Zahalka. Gene Logic, Inc., Gaithersburg, MD.
Desipramine is under consideration as a potential treatment for cocaine dependence. The present safety assessment study is designed to evaluate whether desipramine will potentiate cocaine-induced lethality in rats. One hundred twenty
male rats were assigned to 12 groups (10 animals/group) and dosed orally with a
single dose of 0, 30, or 90 mg/kg of despiramine, followed by a single intraperitoneal dose of 0, 10, 20, or 60 mg/kg of cocaine (approximately one hour later).
Treatment of animals with cocaine alone at 60 mg/kg resulted in 5 of 10 deaths.
Pre-treatment of these rats with 30 mg/kg of desipramine resulted in 5 of 9 animals
dying, while, pre-treating the rats with higher desipramine dose (90 mg/kg) resulted in lowering the incidence of death to 2 of 10 animals. Treatment with cocaine alone did not have any significant effect on body weight data. In contrast,
body weight losses were observed in all groups receiving desipramine alone. The effects on body weights in animals treated with desipramine and cocaine were not
different from the effects observed in treatment with desipramine alone. There were
no abnormal clinical observations noted following the administration of desipramine or cocaine dose alone. At 1-hour post dose of cocaine, ataxia, nasal/oral
discharge, and languid behavior were observed in survivors dosed with 30 or 90
mg/kg desipramine and 60 mg/kg of cocaine. These results suggest that desipramine treatment (at 30 or 90 mg/kg) prior to 60 mg/kg of cocaine potentiates
the occurrence of clinical signs. Conclusion: This study revealed that 90 mg/kg desipramine reduced the incidences of deaths caused by a 60 mg/kg challenge dose of
cocaine. In contrast, potentiation of the clinical signs was evident in cocaine animals (60 mg/kg) pretreated with 30 or 90 mg/kg desipramine. The effects on body
weights in animals treated with desipramine and cocaine were not different from
the effects observed in treatment with desipramine alone.
This project was supported by contract number N01DA-4-8841 from the National
Institute on Drug Abuse.
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TOXICOGENOMICS APPROACHES TO DRUGINDUCED PHOSPHOLIPIDOSIS: ESTABLISHMENT OF
IN VITRO SCREENING SYSTEM AND IDENTIFICATION
OF CANDIDATE BLOOD BIOMARKERS

H. Sawada, K. Taniguchi, I. Mori, T. Iwachido, Y. Nakashita and K. Takami.
Pharmaceutical Research Division, Takeda Pharmaceutical Company Limited,
Osaka, Japan.
Phospholipidosis (PLD) is a lipid storage disorder in which excess phospholipids
accumulate in cell lysosomes. Several drugs were reported to induce PLD. This
study was undertaken to identify specific markers that form an in vitro screening
assay and to select a subset of genes in rat peripheral blood cells that could be used
as potential clinical biomarkers. Specifically, we performed DNA microarray analysis on human hepatoma HepG2 cells and rat blood. In microarray analysis, HepG2
cells were treated with each of 12 drugs that were found to induce PLD by electron
microscopy. Seventeen genes that showed a similar expression profile following
treatment were selected from various functional categories as candidate markers. In
real-time PCR study using 17 positive and 13 negative drugs, we identified 12 specific markers and established an in vitro screening assay using the average fold
change values of the marker genes. Furthermore, the PCR-based screening assay
was transferred into a 96-well microplate-based multiple mRNAs measuring assay
(ArrayPlate assay) in order to increase throughput. On the other hand, each of 6
drugs was administrated to male Crl:CD(SD) rats daily for 3 or 7 days.
Microscopic analysis revealed characteristic PLD changes in all animals. In our
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DNA microarray analysis, we selected probe sets that were up- or down-regulated
by all 6 drugs at each time point as candidate blood biomarkers (number of probe
sets: 36 and 23 after 3 and 7 daily doses, respectively). The HepG2 and rat blood
microarray data suggested that alterations in lysosomal function, lipid metabolism,
intracellular transport, cell proliferation, oxidative stress response and immune response were involved in the induction of PLD and/or impacted by the accumulation of cellular phospholipids. In conclusion, toxicogenomics approaches to druginduced PLD enabled us to establish a rapid and sensitive in vitro screening assay
and to identify candidate blood biomarkers.

1621

RISK ASSESSMENT OF HUMAN MYELOTOXICITY BY
ANTICANCER DRUGS: A PREDICTIVE MODEL USING
FIVE CAMPTOTHECIN DERIVATIVES AND THE IN
VITRO COLONY FORMING UNIT
GRANULOCYTE/MACROPHAGE (CFU-GM) ASSAY

N. Masubuchi1, R. D. May2, R. Atsumi1, O. Okazaki1 and K. Sudo1. 1Daiichi
Pharmaceutical Co., LTD., Tokyo, Japan and 2Southern Research Institute,
Birmingham, AL.
Most anticancer and many anti-HIV compounds produce severe myelotoxicity that
limits their clinical usefulness. It is desirable to evaluate human myelotoxicity before a Phase I study, however, it is difficult to prevent and control it because of the
differences in susceptibility between humans and animals. The purpose of this
study was to establish a reliable method to predict the human maximum tolerated
dose (MTD) of five camptothecin derivatives: SN-38, DX-8951f, topotecan
(TPT), 9-aminocamptothecin (9-AC), and camptothecin (CAM).
The myelotoxicity of camptothecin derivatives were evaluated on bone marrow
from mice, dogs, and humans using a 14-day colony-forming unitgranulocyte/macrophage (CFU-GM) assay to determine the 50%, 75%, and 90%
inhibitory concentration values (IC50, IC75, and IC90, respectively). Then, using
human and murine IC90s for myelotoxicity of these compounds, in vivo toxicological data, and pharmacokinetic parameters (data referred to the literature), human
MTDs were predicted retrospectively. The mechanism-based prediction model
which is proposed uses the in vitro CFU-GM assay and in vivo parameters on the
basis of free fraction of area under the concentration-curve (AUC) at the MTD (r2=
0.887) and suggests that the human MTDs were well predicted for the five camptothecin derivatives by this model rather than by other models. The application of
this model for in vitro hematotoxicology could play an important role for the development of new anticancer agents. By identifying the safety margins of these
compounds in humans at an earlier stage, it should be possible to conduct dose escalation safely and efficiently in clinical studies of new anticancer drugs and thus reduce the number of patients treated at significantly lower doses than potentially
therapeutic doses.

1622

SUBCHRONIC ORAL TOXICITY OF RDX IN FISCHER
344 RATS

G. leach. Toxicty Evaluation program, US Army Center for Health Promotion and
Preventive Medicine, Aberdeen Proving Ground, MD.
Cyclotrimethyl trinitramine (RDX), a military explosive, has been extensively used
by the U.S. Military since the late 1930’s. Military bases across the United States
have been contaminated due to the testing and disposal of RDX, along with other
explosive compounds. Due to this contamination, human exposure is possible both
during remediation processes and through groundwater contamination. RDX has
been reported to cause convulsions in military field personnel who ingest it and in
munition workers inhaling its dust during manufacture. The current oral
Reference Dose (RfD) was derived from a rodent chronic feeding study on military
grade RDX commissioned by the U.S. Army (Levine et al 1983). The No Observed
Adverse Effect Level (NOAEL) for this study was reported to be 0.3 mg/kg/day,
based on prostate inflammation. In order to refine the reported NOAEL, which
will be used to establish cleanup levels for contaminated sites, a subchronic study in
Fischer 344 rats was performed using pure (99.9%) RDX administered via oral gavage. For dosing purposes, the RDX was suspended in a solution of 1% Methyl
Cellulose and 0.2% Tween 80 in distilled water. Male and female Fischer 344 rats
were dosed seven days per week for ninety days at dose levels of 0, 4, 8, 10, 12, and
15 mg/kg/day. Dosage levels were based on the results of an Approximate Lethal
Dose Procedure and a 14-day repeated dose study performed prior to the subchronic study. RDX produced neurotoxic signs (tremors, seizures), as well as significant differences in body weights and food consumption, in the 8, 10, 12, and 15
mg/kg/day dose groups of both male and female rats. Death was observed in all
dose groups above 4 mg/kg/day. Based on the results of this study, the NOAEL is 4
mg/kg/day.
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NORDIC EXPERT GROUP: EVALUATION OF HEALTH
RISKS OF AMMONIA

G. Johanson1, 2, A. Alexandrie2, J. Jarnberg2 and J. Liesivuori3. 1Karolinska
Institute, Stockholm, Sweden, 2National Institute for Working Life, Stockholm,
Sweden and 3University of Kuopio, Kuopio, Finland.
The Nordic Expert Group for criteria documentation of health risks from chemicals (NEG) produces scientific bases for setting occupational exposure limits in the
Nordic countries. The documents may be downloaded from www.nordicexpertgroup.org. This paper summarizes the conclusions in the document on ammonia
(Liesivuori, in press) recently approved by NEG (September 2005). Ammonia is a
colorless gas with a distinctly pungent odor at normal atmospheric temperatures
and pressures. Occupational exposure may occur in ammonia plants, fertilizer manufacturing and animal production. The primary route of occupational exposure to
ammonia is through inhalation, although dermal exposure may also occur during
handling of liquid ammonia or aqueous ammonia solutions. The critical effect of
exposure to ammonia is irritation. Clear signs of mild respiratory and eye irritation
appear somewhere between 25 and 50 ppm in controlled human exposure studies
(3-4 h). In one of these studies very slight irritation was seen at 5 ppm. NEG considers 5 ppm as a pragmatic NOAEL and 25 ppm as a LOAEL for irritation.
Chronic exposure to average ammonia levels above 25 ppm has been associated
with increase in respiratory symptoms (cough, wheezing, phlegm and dyspnoea)
and bronchial asthma. High acute exposure levels may result in reactive airways
dysfunction syndrome (RADS). Because of the high water solubility ammonia dissolves in moisture on the mucous membranes, eyes and skin, forming ammonium
hydroxide, and massive exposure can cause severe inflammation of the respiratory
tract, liquefaction necrosis of the tissues and alkali burns. With very limited data
available, there is no evidence that ammonia possesses genotoxic, carcinogenic or
reproductive toxicity potential (supported by the Nordic Council of Ministers and
the Swedish National Institute for Working Life).

1624

ACUTE EXPOSURE GUIDELINE LEVELS (AEGLS) FOR
TETRANITROMETHANE (TNM)

S. Milanez1 and K. Blackman2. 1Oak Ridge National Laboratory, Oak Ridge, TN
and 2Department of Homeland Security, FEMA, Washington, DC.
Tetranitromethane (TNM) is a highly explosive respiratory and ocular irritant that
is used as an oxidizer in rocket propellants and to increase the cetane number of
diesel fuels. AEGLs are airborne concentrations above which toxic effects of specified severity could occur in humans from one-time exposure for 10 min to 8 hrs:
AEGL-1 (discomfort), AEGL-2 (disability), and AEGL-3 (death). AEGL-1 values
were not developed for TNM because no studies were located with appropriate
endpoints. AEGL-2 values were derived from a 4-hour rat LC50 study in which
rats exposed to 10 ppm had mild lung congestion whereas 3/10 died with lung lesions at 15 ppm. Because 10 ppm was a lethality NOEL and is near the point of departure (POD) for AEGL-3, a modifying factor of 3 was applied to 10 ppm obtain
a concentration that would cause only mild reversible lung irritation. Scaling across
time was performed using the equation Cn x t = k, and n=3 to scale to <4 hours and
n=1 to scale to >4 hours, except that the 30-minute value was adopted as the 10minute value. A total uncertainty factor of 10 was used: 3 for interspecies extrapolation (key study tested most sensitive species), and 3 for human variability (mild
reversible lung irritation from a gas with a steep dose-response is not likely to vary
greatly among humans). AEGL-3 values were derived from the same 4-hour rat
LC50 study, and the POD was the calculated lethality BMDL05 of 11 ppm.
Scaling across time was performed as for the AEGL-2, and a total uncertainty factor of 10 was applied: 3 for interspecies extrapolation (key study tested most sensitive species), and 3 for human variability (NOEL for lethality from extreme lung irritation from a gas with a steep dose-response is not likely to vary greatly among
humans). This yielded AEGL-2 values of 0.66 - 0.17 ppm and AEGL-3 values of
2.2 - 0.55 ppm for 10 minutes to 8 hours. [This abstract presents Interim AEGL
values that are subject to change pending further review.] ORNL is managed by
UT-Battelle LLC for the US Department of Energy under contract
DEAC0500OR22725.
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RISK ASSESSMENT: AMMONIUM BIFLUORIDE IN
INDUSTRIAL CLEANING APPLICATIONS

D. A. Daggett1, J. B. Leikin2, B. D. Bradshaw1, A. M. Carrao1, F. A. Heitfeld1,
K. E. Long1, S. Ren1 and J. D. Hamilton1. 1Global Product Safety,
JohnsonDiversey, Inc., Sturtevant, WI and 2Evanston Northwestern Healthcare OMEGA, Glenview, IL.
Ammonium bifluoride (ABiF) is a water soluble white crystal with the chemical
formula F2H5N. Chemical uses of ABiF include metal cleaning agents, stain removers, etching agents, sterilants, electroplating agents, and in ceramic and glass industries. There have been cases of accidental ingestion of products containing ABiF

leading to a range of toxic effects including death. To characterize the risks associated with intended use of ammonium bifluoride as an industrial cleaning agent, a
risk assessment was performed. The assessment examines chronic fluoride exposure
resulting from occupational use of an industrial cleaning product containing ABiF.
The chronic fluoride exposure model considered incidental ingestion, inhalation,
and dermal exposure, with the aggregate absorbed dose being calculated. The results of this assessment indicate that intended use of ABiF in industrial cleaning applications is not associated with unreasonable risk for adverse health outcomes.

1626

RISK ASSESSMENT OF VOLATILE CONTAMINANT
EMISSIONS FROM AIR FRESHENERS

T. Petry1, A. Jespers2, F. J. Joachim3, R. A. Mascarenhas4, A. R. Speed4 and U.
Vedula3. 1The Weinberg Group LLC, Brussels, Belgium, 2Sara Lee HBCR, The
Hague, Netherlands, 3S.C. Johnson, Racine, WI and 4Reckitt Benckiser, Hull, United
Kingdom.
Public concern about indoor air quality has resulted in a number of studies that
analysed the sources and types of chemicals present in the indoor environment and
assessed associated health risks. Environmental tobacco smoke, emissions of volatile
organic compounds (VOCs) from building materials and outdoor sources are recognized to be major sources of indoor air pollutants. Air fresheners have received
growing attention about the safety of their emissions in the context of indoor air
quality. The objective of this study was to determine the release of volatile contaminants from air fresheners including benzene and formaldehyde and to evaluate
their potential for adverse effects on consumer health. Emissions from 25 air fresheners belonging to four different categories (i.e., non-heated and heated continuous
action products, sprays, and scented candles) were investigated under standardized
and fully controlled conditions. The study design allowed better distinction of
background levels and product emissions and scaling up of measured VOC emissions to typical indoor exposure conditions. Product emissions were used to estimate consumer exposures under five worst case exposure scenarios. The potential
for consumer health risks was then characterized by comparing estimated exposures
with established toxicity levels, existing regulatory air quality guideline values and
typical indoor and outdoor background concentrations. The risk assessment did
not reveal any cause of concern. Large margins of exposures were observed following a comparison of estimated maximum human exposures to established NOAELs
or LOAELs. The estimated worst case exposure concentrations of individual
volatile contaminants were well below any existing regulatory guideline level.
Moreover, the comparison to typical background levels revealed that the contribution from air freshener emissions did not lead to a meaningful increase of human
exposure to the investigated VOCs.

1627

EMPIRICAL EVALUATION OF SUFFICIENT SIMILARITY
IN DOSE-RESPONSIVENESS FOR MIXTURES OF MANY
CHEMICALS

L. G. Stork1, C. Gennings1, W. Carter, Jr.1, L. Teuschler2 and E. Carney3.
1
Biostatistics, Virginia Commonwealth University, Richmond, VA, 2USEPA,
Cincinnati, OH and 3The Dow Chemical Company, Midland, MI.
The U.S. EPA (Suppl Guidance for Conducting Health Risk Assessment of
Chemical Mixtures, 2000) suggests that when toxicity data are not available for a
mixture of concern, the risk assessment can be based on data for a surrogate mixture
which is considered “sufficiently similar” in terms of chemical composition and
component proportions, and when available considerations of similar biological
disposition and toxicity. The objective of this research is to develop statistical
methodology to define sufficient similarity in dose-responsiveness for mixtures of
many chemicals containing the same components, but whose component ratios
vary. The method assumes that dose-response data on a fixed-ratio mixture are
available. Statistical equivalence testing logic is applied to define boundary ratios
for mixtures with mean dose-response relationships sufficiently similar to an observed mixture, based on a specified biologically meaningful region of insensitivity
as defined by the investigator using expert judgment. To illustrate this methodology
we use the data set of Rajapakse et al. (EHP, 2002), who tested a fixed-ratio mixture
of 11 synthetic chemicals in a yeast estrogen receptor reporter gene assay. The 11chemical mixture was combined with the endogenous hormone, estradiol in a
50,000:1 ratio, respectively. The degree to which this ratio could vary and still result in a sufficiently similar mean dose-response relationship (e.g., defined as +/one log10 change in the EC50 and/or a +/- 10% shift in the maximum response)
was then estimated statistically. In the proposed methodology mixing ratios ranging
from 41,000:1 to 60,100:1 are estimated to yield sufficiently similar mean dose-responses to that of the evaluated 50,000:1 mixture. Statistical approaches such as
this may help guide the application of sufficient similarity in dose-response concepts in chemical mixtures risk assessment. (Partially supported by NIEHS training
grant #T32 ES007334 and does not reflect USEPA policy).
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ASSESSMENT OF CHEMICAL MIXTURES OF SIMILAR
AND DISSIMILAR MECHANISMS OF TOXICITY

M. Mumtaz, H. Hansen, H. Hicks, P. Ruiz and C. De Rosa. CDC/ATSDR,
Atlanta, GA.
Typically in the real world, health effects are assessed on a chemical specific basis;
however, most human populations are exposed to hazardous chemicals as mixtures
in air, water, soil, and biota. Environmental toxicology has benefited through these
single chemical toxicity assessments and the follow-up public health intervention
programs to control the overt toxicity of pollutants. However, the body burdens of
key pollutants in general populations are within an order of magnitude that produces health effects in experimental animals. Further, the body burden in vulnerable/susceptible populations may be 2-8 times higher than the general populations
(Hicks et al., 2004). Given this scenario the issue of potential joint toxicity is compelling following simultaneous or sequential exposures. Emerging environmental
pollutants such as perflurosulfonates (PFOS), perchlorates (ClO4), polychlorinated
naphthalenes (PCN), and polybrominated diphenyl ethers (PBDEs) are now being
found in the animals and humans. Recent data show that 15 million people in the
United States may now have PBDE levels >300 ppb. The third national report on
human exposure to environmental chemicals has monitored and documented 148
chemicals, but did not include the above ones (NHANES, 2005). Several of these
chemicals cause overlapping and a combination of toxicities that include carcinogenicity, immunotoxicity, hepatotoxicity, developmental, and endocrine toxicity
through similar and dissimilar mechanisms. Through a comprehensive chemical
mixtures toxicity assessment we can build on our success as well as address the issue
of manifestations of subtle toxicity in vulnerable populations such as the developing
fetus, children, and men and women of reproductive-age. Continued biomonitoring of these emerging toxicant mixtures should include assessment of their joint
toxicity and institution of community-based tracking to identify clusters of environmentally related diseases. We also need to articulate these uncertainties in their
risk assessment.

1629

AN OVERVIEW OF CYANIDE TOXICITY

J. B. Taylor1, N. Roney1, C. Harper1, M. Fransen2 and B. A. Fowler1. 1Agency for
Toxic Substances and Disease Registry, Atlanta, GA and 2Syracuse Research Corp,
Syracuse, NY.
Cyanides are a diverse family of compounds containing the reactive cyanide anion
(CN–). They are produced from both human origin and natural sources. Cyanide
compounds most commonly found in the environment include sodium, potassium,
and gaseous hydrogen cyanide, the latter being the main form present in air.
Inhalation exposure to cyanide can result from industry or exposure to smoke or vehicle exhaust. Ingestion of cyanide may occur from drinking contaminated water or
from plant species. The edible portions of dietary plant species commonly used in
the United States contain relatively low levels of cyanogen glycosides, although
some pits and seeds of common fruits, apple, apricot, peach, contain significantly
higher concentrations. The cassava root, tapioca, a major dietary staple in tropical
countries, contains a sufficient amount of cyanogen glycosides to require special
processing to reduce the danger of toxicity. The most significant toxicological effect
of cyanide is histotoxic hypoxia and cell death; tissue hypoxia is exacerbated by impaired ventilation due to the loss of neurological control of respiration. At acute exposure levels, neurotoxicity is the most significant effect. No acute-duration
Minimal Risk Levels (MRLs) were derived for cyanide since serious effects were reported at the lowest exposure levels in available studies. Reproductive effects in humans after oral exposure to cyanide have not been documented. A number of reproductive effects were observed following exposure of rats and mice to sodium cyanide
in the drinking water for 13 weeks (NTP 1993). A MRL of 0.05 mg CN–/kg/day
has been derived for intermediate-duration oral exposure to cyanide compounds,
NOAEL of 4.5 mg/kg/day (NTP 1993). This NOAEL was divided by an uncertainty factor of 100 (10 for human variability, 10 for extrapolation to humans).

1630

A VALIDATION STUDY OF THE PKA-CLOGP IN SILICO
MODEL FOR PREDICTING PHOSPHOLIPIDOSISINDUCING POTENTIAL

D. Pelletier and N. Greene. Molecular & Investigative Toxicology, Pfizer Global
Research & Development, Groton, CT.
Phospholipidosis refers to an abnormal intracellular accumulation of membrane
phospholipids in response to compound exposure. The ultrastructural demonstration of lysosomal multilamellar bodies in tissues is the gold standard for diagnosing
phospholipidosis. A validated predictive assay would conserve on the use of costly
resources such as electron microscopy and potentially prevent late stage attrition in
drug development.
The recent publication by Ploeman et al. (Exp Toxic Pathol 2004, 55: 347-355.) of
an in silico model based on calculation of the physicochemical properties pKa and
ClogP has raised the possibility of a high-throughput, low-cost screening tool for
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predicting phospholipidosis-inducing potential. Before implementing this model
in a drug discovery setting, however, it is necessary to understand the predictive
power and limitations of the model. We report here the results of a validation study
of this model using both literature and proprietary structures to assess the relative
sensitivity and specificity of the approach proposed by Ploeman. The evaluation
showed an overall concordance for the Ploeman model of 70% compared to in vivo
experimental results. On the basis of this, we have proposed alterations to the published model that result in an increase of 14% in the overall concordance value.

1631

STATISTICAL METHODS FOR HANDLING CENSORED
DIOXIN/FURAN CONGENER DATA
C. J. Saranko1, J. K. Tolson2, 1, R. Budinsky3, B. Landenberger3, S. M. Roberts4
and K. M. Portier4. 1GeoSyntec Consultants, Tampa, FL, 2GeoSyntec Consultants,
Baton Rouge, LA, 3The Dow Chemical Company, Midland, MI and 4University of
Florida, Gainesville, FL.
Environmental data often contain a number of samples with concentrations that
are below the analytical detection limits (censored). Statistical techniques for dealing with censored values are an important consideration in the development of parameter estimates used in risk assessment. Formal methods for censored values in
dioxin/furan datasets have been largely unaddressed. The most common approach
involves simple substitution of a proxy value of half the detection limit. However,
the unique and complex nature of dioxin/furan congener profiles provides an opportunity to utilize additional information to deal with censored values. Dioxins
and furans are present in environmental samples as a set of congeners whose relative
proportions are generally related to the underlying process of formation. Specific
information on the congener profile for a site can be used to help make informed
decisions on estimating parameters for censored data. A large database of soil dioxin
samples was used as the input dioxin/furan data for this analysis. Population parameters were generated for this dataset using three (3) separate approaches to dealing with imputing values for the censored congener values: 1) substitution methods
using values of zero, half the detection limit and the detection limit itself as replacement values; 2) a multiple regression method using available complete multivariate observations to create regression relationships between congeners; and 3)
multiple imputation using additive regression, bootstrapping and predictive mean
matching. Results of this analysis suggest that using the additional data available in
the relationships between congener concentrations is a viable alternative to simple
substitution methods for dealing with censored dioxin/furan congener data and estimating calculated values.

1632

ORAL BIOACCESSIBILITY OF DIOXINS/FURANS FROM
INDUSTRIAL SOILS USING A SIMULATED HUMAN G.I.
TRACT
J. Warmerdam, B. Finley and K. Fehling. ChemRisk, San Francisco, CA.
It has been well established that soil-bound polychlorinated dioxins and furans
(PCDD/Fs) are typically less than 100% orally bioavailable. This is thought to be
due primarily to low bioaccessibility (reduced desorption) of the PCDD/Fs in the
G.I. tract. However, to date very few studies have examined the oral bioaccessibility
of soil-bound PCDD/Fs. In this study, eight industrial soil samples with PCDD/F
TEQs ranging from 0.7-25 ppb were evaluated in a two phase in vitro extraction
system designed to mimic the anatomic and physiological characteristics of the
human stomach and small intestine. Some of the key features of this extraction protocol which simulate human exposure and/or ensure maximization of release of
PCDD/Fs from soil are: 1) use of a small soil size fraction to simulate the particles
most likely to be ingested incidentally (< 250 microns), 2) incorporation of oleic
acid in the stomach phase to act a as a lipid “sink” for the hydrophobic PCDD/Fs,
3) inclusion of protein, bovine serum albumen (BSA) and mucine in the stomach
phase, 4) inclusion of pancreatin and bile in the small intestine phase (the bile also
acts as a lipid sink), and 5) consistent heating and agitation of the reaction vessels.
The results indicated that the bioaccessible PCDD/F fraction ranged from 9-46%
(mean of 22%). The initial soil PCDD/F concentration did not appear to influence
the degree of bioaccessibility. These results provide further evidence and support for
the use of reduced bioavailability estimates in risk assessments involving PCDD/Fcontaminated soils.

1633

THE ABSORPTION AND METABOLISM OF INHALED
BENZO(A)PYRENE IN THE ISOLATED AND PERFUSED
RAT LUNG DOES NOT INCREASE LINEARLY WITH
INCREASING EXPOSURES
P. Ewing, A. Ryrfeldt and P. Gerde. Environmental Medicine, Karolinska Institutet,
Stockholm, Sweden.
In risk assessment of inhaled polycyclic aromatic hydrocarbons (PAHs) the dose-response is usually assumed to be linear over wide dose intervals. To challenge this assumption we investigated the kinetics of absorption and metabolic activation of the
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PAH benzo(a)pyrene (BaP), after inhalation, over a 4000-fold dose interval in the
isolated and perfused rat lung (IPL). Method: Tritiated BaP was coated onto a 3 µm
silica carrier particle at three different concentrations; low, medium and high. The
DustGun exposure system was used to generate and deliver the particles as fine
aerosols to the IPL. The aerosols were inhaled in less than one minute and singlepass perfusate was collected during 77 minutes post exposure. In both perfusate and
lung tissues the concentration of BaP-equivalent activity was measured as well as
the distribution of activity between BaP and metabolites. Results: The initial deposition of BaP in the lungs during the exposures was respectively 2.2, 36 and 8400
ng. Increasing exposure levels caused an abrupt change in the absorption and metabolism of inhaled BaP. In both perfusate and tissues there was a distinctive decrease in the metabolic conversion of BaP with increasing exposures. Following the
low- and medium dose exposures, the absorption process was more or less a firstorder decay process. At the high exposure level, the absorption was a zero-order
process. Conclusions: i) The main mechanism behind the abrupt change in absorption kinetics is thought to be physicochemical saturation of BaP in the epithelium
close to the carrier particles, accompanied by metabolic saturation of the airway
mucosa. ii) Many small exposures to BaP for longer time periods are likely to be
much more effective in inducing lung cancer than higher level exposures to BaP
during shorter time periods. iii) Therefore, linear extrapolation from high-dose animal exposures to low-dose human exposures is likely to underestimate the risk of
lung cancer in humans following inhalation of BaP and other PAHs.
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EXPOSURE AND RISK ASSESSMENT FOR
PERFLUOROOCTANOATE (PFOA) IN APPAREL AND
CARPETING

T. Roth1, W. Knaup2, C. Ho3, R. Jung1 and H. Panke4. 1CPS Toxicology,
Clariant GmbH, Sulzbach a.T., Germany, 2R&D Fluorotelomers, Clariant GmbH,
Burgkirchen, Germany, 3Corp. Anal. LAB.., Clariant Corp., Charlotte, NC and
4
TLP, Claraint GmbH, Frankfurt, Germany. Sponsor: G. Kennedy.
An exposure and risk assessment was conducted to understand the potential human
health significance of trace levels of PFOA detected in certain consumer articles.
Representative textile and carpet samples (n=24) treated with Clariant’s polyfluoro
chemicals were analyzed for total PFOA content using pressurized methanol extraction followed by GC/MS. Potential exposure of infants, children, adolescents, and
adults was quantified for dermal contact, mouthing, hand-to-mouth contact, ingestion of dust, inhalation of particles and vapor, and ingestion of food in contact with
articles according to US regulatory guidance and scientific publications. Exposures
were calculated using the median value from the range of PFOA levels and assumptions representing more typical consumer conditions and behavior. Exposure values
were used to calculate annual and lifetime average PFOA intake. Risk characterization was conducted by comparing intake estimates to health benchmarks (HB, as
published by Washburn et al., 2005) to derive margin of exposures (MOE) for noncancer systemic toxicity, developmental and carcinogenic effects. A one compartment kinetic model applicable to adolescents and adults was used to estimate
PFOA serum concentrations.
Using worst case extraction conditions resulted in median PFOA levels (ng/cm2) of
0.7 in apparel and 3 in carpeting samples. Annual average PFOA intakes (ng/kg/d)
for the various consumer groups were 0.01-0.6 for carpeting and 0.02-1 for apparel. Lifetime average intakes (ng/kg/d) were 0.06 for carpeting and 0.07 for apparel. Corresponding MOEs ranged from 4 million to 370 million. Calculated
PFOA serum concentrations were 0.01-0.1 ppb.
The derived MOEs indicate that exposure to PFOA from use of the examined articles is not expected to cause adverse health effects. It is further concluded that use
of the examined articles does not contribute significantly to the mean PFOA serum
level of 5 ppb observed in the general population.
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AN EVALUATION OF THE MUTAGENIC MODE OF
ACTION FOR FOUR ENVIRONMENTAL
CARCINOGENS

N. Keshava, G. M. Woodall, S. Rice, B. Sonawane and I. Cote. Office of
Research and Development, Environmental Protection Agency, Washington, DC.
EPA’s 2005 Guidelines for Carcinogen Risk Assessment emphasizes the use of mode of
action (MOA) information for interpreting and quantifying the potential cancer
risk to humans, as does EPA’s Supplemental Guidance for Assessing Susceptibility from
Early-Life Exposure to Carcinogens. The Supplemental Guidance recommends the
use of an age-dependent adjustment factor for carcinogenic potency (regardless of
early-life study availability), when the information is sufficient to establish the
agent’s mutagenic mode of action for carcinogenesis. It is, thus, of particular importance that EPA approach the identification of mutagenic MOA for cancer-causing agents in a consistent and scientifically sound manner. The agency is in the
course of establishing guidance and a review process to determine mutagenic MOA

for environmental carcinogens. Identification of chemicals that operate through a
mutagenic MOA entails evaluation of test results for endpoints of toxicity, metabolic profiles, physiochemical properties, and structure-activity analyses in a weight
of evidence approach. A review of the available mutagenicity data was performed
for benzene, ethylene oxide, 1,3¬ butadiene, acrylamide and their metabolites.
Available in vitro data suggest that these chemicals or their metabolites cause mutations in Salmonella test strains and in mammalian cells in culture. Several of these
induce cytogenetic damage such as sister chromatid exchanges, micronucleus, chromosomal aberrations, DNA adducts and other effects related to mutagenicity.
Preliminary analysis of the available in vitro and in vivo genotoxicity and mutagenicity studies seem to indicate that these chemicals may cause cancer in animals
or humans by a mutagenic mode of action, however, further analysis is warranted.
(Disclaimer: The views expressed in this abstract are those of the authors and do not
represent the policy of the U.S. Environmental Protection Agency).

1636

PUSHING THE ENVELOPE: PRELIMINARY
METHODOLOGY FOR INCIDENT-BASED RISK
ASSESSMENT FOR BIOTHREAT AGENTS

T. Nichols1, I. Baumel1, C. Sonich-Mullin1, T. Bill2, T. Negley2, S. Massulik2,
M. Odin2, P. McClure2, P. Coleman2, D. A. Gray2 and P. McGinnis2. 1USEPA,
Cincinnati, OH and 2Syracuse Research Corporation, Syracuse, NY.
The 2001 anthrax attacks emphasized the need for methods to assess and mitigate
potential human health impacts of exposure to intentional biological contamination. No validated or consensus methodology exists for evaluating biological risks
or establishing cleanup levels after biothreat attacks. The National Homeland
Security Research Center (NHSRC) of the EPA Office of Research and
Development was formed and charged with developing the science necessary to ensure safe buildings, secure water systems, and support rapid assessment of risks in
the event of future biothreat attacks. Recognizing the urgent need for a rapid biological risk assessment methodology, a preliminary framework was developed for
site-specific risk assessment for biothreat agents and organized in two tiers that support risk management decisions on-site. The Tier I Site Assessment supports rapid
decisions such as initiating “boil-water” alerts, required within a short period of
time after incident. Tier II Incident Assessment is a more extensive, multi-level dynamic process that requires site-specific data to support science-based risk management decisions, such as determining if remediation has been sufficient to permit reentry of contaminated sites or release “boil-water” alerts. Three hypothetical
scenarios were applied to the preliminary methodology to evaluate the utility of the
Microbial Risk Assessment framework. Improvements in speed and rigor of future
applications of the preliminary methodology will depend upon development of systematic scientific analysis methods and tools, as well as improved data on dose response relationships and fate and transport. Such improvements could permit more
reliable exposure and hazard assessment for the array of biothreat agents of concern.
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QUICK REFERENCE LIST OF TOXINS AND POTENTIAL
CLINICAL MANIFESTATIONS

M. J. Stratton1, 2. 1Moxie Jean Stratton, Touro University College of Osteopathic
Medicine, Napa, CA and 2Undergraduate Degree in Liberal Arts ‘99, Sarah Lawrence
College, Bronxville, NY.
The purpose of this project is to make available preliminary toxicology research information to clinicians who are under substantial time pressure in their patient assessments. I would like to distribute this information through the Society of
Toxicology to aid in bridging toxicology research and clinical practice. Toxins included in this Quick Reference List are pesticides, solvents, heavy metals, and minerals presented in a table format that gives their corresponding potential sources,
clinical effects, theories about toxin mechanisms, and references from which the information was gathered. In regards to toxins for which preliminary evidence is
available for normal blood levels, the ranges are given. In regards to toxins for which
no information is available regarding the mechanisms, this section is left blank. If
evidence exists for a testing method for a particular toxin, that information is noted
in a separate list which gives: the toxin, test method, normal range if known for that
test method, a testing laboratory, and the estimated cost of the test for 2005 at that
laboratory listed. If treatment methods are known, those are also listed and it is the
responsibility of the practitioner or researcher to investigate treatment safety, contraindications and potential risks and side effects.
The references used to compile the table are:
-PubMed Online
-Scientific journal articles
-ATSDR of the Centers for Disease Control
-CDC’s Biomonitoring Project
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ESTABLISHING “SAFE DRUG CARRYOVER LEVELS”
(SDCLS) IN MEDICATED ANIMAL FEEDS

E. R. Nestmann and B. S. Lynch. CANTOX Health Sciences Intl., Mississauga, ON,
Canada.
In Canada a number of active ingredients (a.i.) are approved for use in medicated
feeds for cattle, swine, chickens, and turkeys. Few are approved for use in all, and
non-target species possibly will receive trace exposure in feed due to residue carryover in subsequent production runs at feed mills. We have developed a method by
which “safe drug carryover levels” (SDCLs) can be established. The methodology
involves application of various safety/uncertainty factors to concentrations of a.i. already approved for use in medicated feeds for target species. The starting point for
each a.i., to be consistent, is the highest approved concentration for any target animal species, recognizing that this is an acceptable level based on supporting safety
data. Safety factors are then applied to account for: 1) interspecies extrapolation, 2)
differences in the body weights of target and non-target species (i.e., smaller animals receive higher exposures on a body weight basis for a given dietary concentration), 3) a.i. with clear contraindications for use in certain non-target species (i.e., a
priori knowledge of non-target species sensitivity), and 4) withdrawal times (i.e.,
for a.i. that require a washout period prior to slaughter there is potential exposure
to non-target species through other medicated feeds not requiring a washout period). The values of the safety/uncertain factors range from 1-3, 1-3.17, 1-10, and
1-10, for each of conditions 1), 2), 3), and 4) respectively. The “proposed safety factor” to apply to the approved concentration in medicated feed is calculated as the
product of the values for each of 1) through 4). The final safety factor is the greater
of the proposed safety factor or a default minimum safety factor of 30. SDCLs were
calculated for 26 a.i. and compared to limits of quantitation available for detection
of carryover residues in animal feeds. (Supported in part by the Canadian Animal
Health Institute and the Animal Nutrition Association of Canada)
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USE OF MULTI-CRITERIA DECISION ANALYSIS TOOLS
TO FACILITATE WEIGHT-OF-EVIDENCE EVALUATION
IN HUMAN HEALTH RISK ASSESSMENT

I. Linkov1, K. F. Satterstrom1, L. Green1, G. Kiker2 and T. Bridges3. 1Cambridge
Environmental Inc., Cambridge, MA, 2University of Florida, Gainesville, FL and
3
Engineer Research and Development Center, US Army Corps of Engineers,
Vicksburg, MS.
The complexity of the environment requires multiple sets of information to elucidate the many factors influencing chemical toxicity. The EPA and other agencies
use a weight-of-evidence approach in evaluating the potential carcinogenicity and
toxicity of environmental contaminants. The 2005 EPA cancer guidelines emphasize the importance of weighing all of the evidence in a single integrative step.
Individual lines of evidence include “tumor findings, or lack thereof, in humans
and laboratory animals; an agent’s chemical and physical properties; its structureactivity relationships (SARs) as compared with other carcinogenic agents; and studies addressing potential carcinogenic processes and mode(s) of action, either in vivo
or in vitro.” Traditionally, assessors weigh the various lines of evidence and apply
professional judgment and/or calculations to decide where the weight of evidence
lies – that is, whether the various lines of evidence point to potential risk in the case
of each receptor or not. Even though weight-of-evidence considerations may use
some quantification, this approach often results in arbitrary weight selection (e.g.,
conservative bias) and thus in risk estimates that include an unquantified degree of
uncertainty and potential bias. The use of Multi-Criteria Decision Analysis
(MCDA) offers a more rigorous and consistent approach. Even though MCDA is
often used to incorporate social factors into decision making processes, this paper
will illustrate the potential of MCDA to facilitate purely technical evaluation of the
multiple lines of evidence used in typical human health risk assessment. MCDA
will be presented as a tool to compliment the semi-qualitative weight-of-evidence
discussions commonly used in ecological risk assessments with a robust quantitative
framework.
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USE OF BMC MODELING AND CATEGORICAL
REGRESSION TO EVALUATE ACUTE SENSORY
IRRITATION FROM CHLOROPICRIN VAPOR

L. T. Haber, E. Hack and M. L. Dourson. TERA, Cincinnati, OH.
Benchmark concentration (BMC) and categorical regression modeling were conducted for chloropicrin, with the primary purpose of investigating a 1-hour exposure limit. BMC modeling was conducted on data from Cain (2004), which evaluated early sensory-perception effects of chloropicrin in human volunteers. The
BMC10 and BMCL10 for ocular irritation, the most sensitive endpoint, were 110
and 73 ppb, respectively. Categorical regression of the broader data set was conducted to evaluate concentration-duration-response relationships. Results of categorical regression analysis indicated that the 1-hour EC10 for humans is 112 ppb,
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and the lower bound on this value is 90 ppb. The EC10 is remarkably consistent
with the BMC10 for ocular irritation. The BMC models provided the best fits to
the data, and thus the BMC results are recommended as the basis for the development of exposure limits. The results of the categorical regression modeling can be
considered an upper bound on the response in the 8-24 hour range and should not
be used for extrapolation to significantly longer time ranges. The actual exposure
limits for the 8-24 hour range may be closer to, or identical with, the 1-hour value.
Based on several alternative analyses that considered the impact of various decisions
in the analysis, a reasonable range for the point of departure (POD) is 40-120 ppb.
Because the BMCL10 is a NOAEL surrogate derived from a human study, the only
uncertainty factor (UF) to be considered is for human variability. Based on data on
human variability in response to sensory irritants, a UF of 2 is our best judgment of
the appropriate UF, although the actual value of a UF that is adequately protective
for variability and sensitive populations may be 1 or 3. A UF of 2 results in a 1-hour
exposure limit of 40 – 50 ppb that protects sensitive populations. It should be
noted, however, that not all combinations of UF and POD are appropriate.
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SYSTEMS BIOLOGY MODELS FOR INTEGRATION OF
DIVERSE STUDIES OF THE DEVELOPING
NEOCORTEX AFTER EXPOSURE TO LOW DOSE
RADIATION FROM EXTERNAL AND INTERNAL
SOURCES

W. C. Griffith, N. M. DeFrank, J. M. Gohlke, E. J. Gribble and E. M.
Faustman. Environmental and Occupational Health Sciences, University of
Washington, Seattle, WA.
A number of studies have demonstrated that low dose radiation exposures during
particular gestational periods can result in permanent neuronal perturbations and
eventual abnormalities in behavior and mental activity. The mechanism underlying
these effects includes radiation-induced cell death among neuronal precursors in
the proliferative regions of the neocortex. We used a systems biology approach to
develop a new computational model based on diverse data sets to describe the extent and pattern of cell death in the neocortex and the altered patterns of migration.
The model predicts the subsequent effects of cell death on neuron number at the
end of neurogenesis. Our results indicate that the induced death of a small fraction
of neuronal precursors, dependent on the dose and time of exposure, leads to a significant decrease in the final neuron count. The model provides a comparison of
differences in absorbed dose, time of exposure, and duration of exposure. The
model predicts about a 1% decrease of neuronal precursor cells per cGy during the
most sensitive time window of neurogenesis and about a 0.5% decrease per cGy
during other times of neurogenesis. The data sets used to develop the models used
single acute exposures from external sources of radiation. We have extended these
models by linking to a kinetic model for Cs-137, an internally deposited radionuclide associated with several nuclear accidents. Based upon the extensions of the
models we predict smaller effects from Cs-137 than for external radiation when
total doses during gestation are the same. This application of the model demonstrates its utility for risk assessment in predicting alternative exposure patterns.
Support for this research was from Center for Child Health Risk Research, R
826886-01-0 and P01 ES09601, and Low Dose Program of the Department of
Energy, DE-FG02-03ER63674.

1642

CHEMOPREVENTION OF EARLY STAGE PROSTATE
CARCINOGENESIS BY GAMMA-TOCOPHEROL IN
PROBASIN/SV40 T ANTIGEN TRANSGENIC RATS

K. takeshita1, S. Takahashi1, S. Azman1, S. Sugiura1, M. Tang1, K. Abe2 and T.
Shirai1. 1Experimental Pathology and Tumor Biology, Nagoya City University Graduate
School of Medical Sciences, Nagoya, Japan and 2Eisai Co., LTD., Tokyo, Japan.
γ-Tocopherol is one of the major form of vitamin E and its biological activity is
known about 10 times lower than that of α-tocopherol. Epidemiological studies
have demonstrated that plasma concentration of γ-tocopherol is inversely associated
with the risk of prostate cancer. In addition, recent studies have indicated that γ-tocopherol exerted inhibitory effects on growth of human prostate cancer cells.
We have reported that γ-tocopherol suppressed prostate cancer development of probasin/SV40 T antigen transgenic (PB/SV40Tag) rats in late stage, and
induction of apoptosis through caspases activation is deeply involved in its suppression mechanism. In the present study, we investigated the chemopreventive effects
of γ-tocopherol on early stage prostate carcinogenesis using PB/SV40Tag rats.
Three week-old PB/SV40Tag rats were given γ-tocopherol (50, 100 and 200 mg/kg
diet) in vitamin E-free diet for 7 weeks. There were no treatment-related changes
with reference to body, prostate weights and food consumption. γ-Tocopherol
treatment significantly suppressed neoplastic lesion development in a dose-dependent manner in ventral lobes but not in dorsal or lateral lobes. Apoptotic cells in the
ventral prostate of γ-tocopherol treated rats were significantly increased compared
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with those of controls. These results thus indicate that γ-tocopherol may suppress
rat prostate carcinogenesis in early stage. Investigations of potential mechanisms of
the observed anticancer effects are now on-going.
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ANTIOXIDANT N-ACETYL CYSTEINE PREVENTS
LYMPHOMA IN ATM DEFICIENT MICE

R. H. Schiestl and R. Reliene. UCLA, Los Angeles, CA.
There has been increasing interest in prevention of cancer by dietary antioxidants.
Some people have elevated genetic susceptibility to developing cancer. A cancerprone hereditary human disorder ataxia telangiectasia (AT) is characterized by extremely high incidence of lymphoid malignancies in addition to neuromotor dysfunction, immunodeficiency and radiosensitivity. Cells from AT patients show
genetic instability and a continuous state of oxidative stress. We examined the effect
of long-term dietary supplementation with the thiol-containing antioxidant, Nacetyl-L-cysteine (NAC), on survival and cancer formation in Atm (AT-mutated)
deficient mice, used as an animal model of AT. NAC was chosen because long-term
high dose oral administration is well tolerated in animals and humans. In addition,
NAC suppresses carcinogenesis-associated biological markers in Atm deficient
mice, such as DNA deletions and oxidative DNA damage (Reliene et al. 2004,
Cancer Res. 64:5148). In this study, NAC significantly increased the lifespan and
reduced both the incidence and multiplicity of lymphoma in Atm deficient mice.
The life span increased from 50 to 68 weeks and the incidence of lymphoma decreased by two-fold (76.5 versus 37.5%). In addition, in mice with lymphoma,
multiplicity of tumors decreased from 4.6 to 2.8 tumors per mouse. Thus, the thiol
antioxidant NAC prevented lymphomagenesis and metastasis in Atm deficient
mice. Therefore, NAC may potentially emerge as a dietary supplement aimed at
tumor prevention in humans with cancer prone syndromes and especially in those
associated with oxidative stress.
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EFFECT OF CELECOXIB ON CYTOCHROME P450
EXPRESSION IN A RAT HEPATOCARCINOGENESIS
MODEL

M. E. Salcido-Neyoy1, A. Sierra-Santoyo2, L. Marquez-Rosado1 and S. VillaTrevino1. 1Cell Biology Department, CINVESTAV-IPN, Mexico City, D.F., Mexico
and 2Toxicology Section, CINVESTAV-IPN, Mexico City, D.F., Mexico.
Celecoxib (CXB), a COX-2 specific inhibitor, acts as a chemopreventive agent on
the development of preneoplastic lesions in rat liver. In this work we assess the effect of CXB on the differential expression of hepatic cytochromes P450 (CYP) in a
medium-term hepatocarcinogenesis assay (HP). Male Sprague-Dawley rats were divided in three groups. First group consisted of non treated (NT) animals. Second
group was subjected to HP, which consisted by the administration of a oral dose of
200 mg/kg N-diethylnitrosamine (DEN), a later week 20 mg/kg/d 2-acetylaminofluorene for 3 d suspended in carboxymethylcelulose by gavage was administered
and on day 10 partial hepactectomy (PH) was carried out. The third group (HPCXB) was previously feeded 1 week prior HP with an experimental diet containing
1500 ppm CXB until sacrifice. Animals were sacrified at 24 h after DEN dose, at
24 h after PH and at the day 25, liver was obtained and processed for microsomes.
In HP-CXB group there was a significant increase in PROD activity at 24 h after
DEN (9-fold), 24 h after PH (28-fold) and at 25 d (53-fold) respect to NT and PH
groups, while EROD activity increased about 3-fold at the same times. CYP2E1
protein content decrease 48% and 90% at 24 h DEN dose in the HP and HPCXB, while increases of 4- and 14-fold were detected in the HP and HP-CXB
group, respectively, at 24 h after PH. CXB treatment decreased 77% and 60% the
content of CYP2E1 and 2C11, respectively, and increased 14-fold CYP2A1 content at 24 h after PH. These results are indicating that in each stages in the medium
term hepatocarcinogenesis assay there is a great variation in the expression of CYP
isoforms and CXB may modulate hepatic xenobiotic metabolism to prevent chemical carcinogenesis. In addition, hepatic CYP regulation may represent another way
for explanation the chemopreventive effect by CXB.
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DEVELOPMENT OF NOVEL NITRATES FOR COLON
CANCER CHEMOPREVENTION

G. K. Hagos1, V. Toader1, Q. Li1, D. D. Lantvit1, S. Swanson1, R. E. Carroll2
and G. R. Thatcher1. 1Medicinal chemistry and Pharmacognosy, University of
Illinois, chicago, IL and 2Chicago Veterans Administration Medical center, chicago, IL.
GT094 reduced ACF (aberrant crypt foci) in a rat model of colon cancer using
azoxymethane (AOM) as carcinogen; it also inhibited tumor formation in an extended rat/AOM study. GT 094 is designed to have nitric oxide (NO) mimetic activity; it is an NO chimera, containing disulfide, nitrate and NSAID (non-steroidal
anti-inflammatory drug) moieties, all of which potentially can contribute to its antiproliferative and anti-inflammatory activity. Cytotoxic assay using

SRB(Sulforhodamine B) as a dye shows that GT 094 has antiproliferative properties in the caco-2 colon cancer cell line. GT 094 also showed anti-inflammatory
properties in the RAW 264.7 macrophage like cell line; activity that mimics NO.
Griess assay and iNOS western blots were done in RAW264.7 cell line to see the
anti-inflammatory properties of GT094. To study the structure activity relationship
of GT094, other nitrates were also synthesized and their activity was measured.
These nitrates also showed activity in vitro, but not at the level of GT 094, indicating that the combination of pharmacophores in the NO chimera contribute to the
chemopreventive actions in colon cancer.
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ALTERATIONS IN POLYCYCLIC AROMATIC
HYDROCARBON INDUCED PHASE I AND II ENZYME
ACTIVITIES IN FEMALE MICE: ROLE OF
CHEMOPREVENTIVE AGENTS
S. R. Kondraganti, L. Wang, W. Jiang, K. Muthiah and B. Moorthy. Pediatrics,
Baylor College of Medicine, Houston, TX.
Drug metabolizing enzymes play central roles in the metabolism, elimination and
detoxification of xenobiotics and drugs introduced into the human body.
Environmental carcinogens such as polycyclic aromatic hydrocarbons (PAHs), heterocyclic amines and nitrosamines require metabolic activation to cause DNAdamage and cancer. The activation of carcinogens is primarily catalyzed by phase I
enzymes. Protection can be accomplished by inhibition of activating enzymes
and/or by induction of phase II enzymes which leads to detoxification and accelerated excretion of carcinogens.
In the present study, we evaluated the effects of PAHs and chemopreventive compounds on the expression of phase I and phase II enzymes in female mice liver and
mammary tissues. In female Sprague-Dawley rats treated with 3-methylcholanthrene (100 µmol/kg, i.p., once daily for 4 days), the enzyme activities (flourimetry), apoprotein contents (Western blotting), and mRNA (Real time RT-PCR) expression of CYP1A1 and 1B1 genes were persistently elevated (3-3.5-fold) in both
liver and mammary tissues for up to 28 days. In wild type (C57BL/6J) mice treated
with 7,12-dimethylbenz(a)anthracene (DMBA), significant induction of CYP1A1
was observed in both liver and mammary tissues. DMBA induced CYP1A1 activities were low in CYP1B1 gene-knockout mice compared to wild type mice, suggesting the role of CYP1B1 in DMBA induced CYP1A1 activation. The chemopreventive compounds inhibited DMBA induced CYP1A1 activities with
significant upregulation of phase II detoxification enzymes. DMBA-DNA adduct
formation was observed in liver and mammary tissues in mice treated with DMBA.
Induction of specific DNA adducts in tumors will contribute to the understanding
of mechanisms of tumorigenesis.
These studies using specific gene knockouts to study mechanisms of DMBA-mediated carcinogenesis, in combination with strategies to prevent cancer with naturally
occurring dietary constituents might provide information that will help eliminate
cancer.

1647

USE OF GENE EXPRESSION PROFILING TO STUDY
MECHANISM OF SELENIUM CHEMOPREVENTION OF
RAT MAMMARY CARCINOGENESIS
X. Zhang1, 2, K. Serikawa3, R. Bumbgarner3 and H. Zarbl1, 2. 1Human Biology,
Fred Hutchinson Cancer Research Center, Seattle, WA, 2Environmental and
Occupational Health Sciences, University of Washington, Seattle, WA and
3
Microbiology, University of Washington, Seattle, WA.
Selenium is a dietary trace element that has been shown to inhibit chemically-induced rat mammary carcinogenesis at post-initiation stage. However, how selenium
exerts its chemopreventive effects remains unknown. We hypothesized that selenium interferes with various signaling pathways that contribute to the process of
carcinogenesis, and that the affected pathways could be identified by expression
profiling in cells of the target organ. To test this hypothesis, we compared the global
gene expression profiles in mammary tissue from pubescent female rats on a selenium diet with those on a control diet. The rats were on these diets for 30 days after
exposure to a carcinogenic dose of methylnitrosourea. Total RNA extracted from
the whole mammary gland was analyzed by Affymetrix Rat oligoArray 230 2.0 that
contains ~30,000 genes and ESTs. Our preliminary results showed that 369 genes
and ESTs (p<0.01) were differentially expressed between the rats on the two different diets. These genes are involved in various cellular pathways, such as cell proliferation, apoptosis, and metabolism. Among them, several circadian genes were of
great interest because they not only ranked highest in fold change but also showed
changes in a coordinated manner. Two examples are Per2 and circadian regulated
transcription factor DBP. Our chemoprevention study further showed that the
deregulation of these two genes was observed in mammary tumors from rats on selenium diet but not those on control diet. Given the previously reported role of
Per2 as a tumor suppressor, these observations suggest that Per2 is a potential target
of methylselenocystein during rat mammary carcinogenesis. Taken together, our
global gene expression profiling has begun to provide new insights into the mechanisms underlying selenium-induced chemoprevention.
(Supported by PHS Grants U19ES011387 & P30ES07033)
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ORAL CANCER CHEMOPREVENTION BY BLACK
RASPBERRIES
C. M. Weghorst, B. C. Casto, C. L. Sardo, G. D. Stoner, E. Pearson and T. J.
Knobloch. The Ohio State University, Columbus, OH.
Introduction: One person, each hour, every day this year will die from oral cancer.
Strategies for oral cancer prevention must be tested in models that allow translation
into chemopreventive clinical trials. Whole fruits and derivatives can inhibit chemical carcinogenesis. Black raspberries contain several compounds, especially phenolics, with proven chemopreventive activity. In vitro work using human oral cells and
in vivo experiments with the hamster cheek pouch (HCP) model evaluated the
ability of lyophilized black raspberries (LBR) to inhibit tumorigenesis. These results
have translated into a human Clinical Trial assessing LBR-dependent modulation
of the oral microenvironment.
Methods: (A) Normal human oral epithelial (TE1177) and squamous cell carcinoma (SCC-83) cells were exposed to LBR extract. No significant effects on proliferation were observed for TE1177 cells. However, LBR inhibited SCC-83 proliferation up to 40% in a dose-dependent manner. DNA microarray analysis has revealed
an SCC-83 LBR-responsive gene panel. (B) HCPs of male Syrian Golden hamsters
were painted with 0.2% DMBA 3X/wk for 8wks or with 1% BaP/NNK 3X/wk for
12wks. Hamsters diets contained 5% or 10% LBR prior to and during treatment
with DMBA and for 10wks following treatment with BaP/NNK. Animals were sacrificed at 12 or 22wks and tumor number and volume recorded. 5% LBR treatment
resulted in a significant (44%, p=0.02) reduction in tumor number [27 tumors/15
animals] relative to DMBA controls [48 tumors/15 animals], but had no effect on
tumor size. (C) Patients with oral SCC incorporated LBR troches into their diet for
1-4 weeks between initial visit and subsequent surgery. Oral biopsies prior to and
following LBR troche consumption gauged the effectiveness of localized LBR delivery, and defined oral tumor microenvironment alterations.
Conclusions: Our LBR chemoprevention studies have demonstrated restricted proliferation in human oral tumor cells and dietary inhibition of oral cavity tumorigenesis. The role of localized LBR delivery in oral cancer continues to be redefined
using data from the current Clinical Trial.
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PREVENTION OF IN VIVO AFLATOXIN B1-INDUCED 8HYDROXYDEOXYGUANOSINE FORMATION IN
MOUSE LUNG CELLS BY PRE-TREATMENT WITH
POLYETHYLENE GLYCOL-CONJUGATED CATALASE
K. A. Guindon, L. L. Bedard and T. E. Massey. Pharmacology and Toxicology,
Queen’s University, Kingston, ON, Canada.
Aflatoxin B1 (AFB1) is a mycotoxin produced by some strains of Aspergillus, and is
a recognized pulmonary and hepatic carcinogen. The most widely accepted mechanism of AFB1 carcinogenicity involves bioactivation to AFB1- 8,9-exo-epoxide and
binding to DNA to form AFB1-N7-guanine. Another mechanism potentially leading to DNA damage is AFB1 stimulation of reactive oxygen species formation, leading to oxidation of DNA bases. The objective of this study was to determine the
ability of AFB1 to cause oxidative DNA damage in lung cells of the mouse, a species
susceptible to AFB1-induced pulmonary tumourigenicity. The formation of 8-hydroxy-2’-deoxyguanosine (8-OHdG) in preparations enriched in freshly isolated
mouse lung alveolar macrophages, alveolar type II cells, and nonciliated bronchial
epithelial (Clara) cells following in vivo AFB1 treatment was assessed using HPLC
with electrochemical detection. An approximately three fold increase in 8-OHdG
formation occurred in preparations enriched in alveolar macrophages and Clara
cells isolated from A/J mice 2 h following treatment with a single tumourigenic
dose of 50 mg/kg AFB1 ip (n=3, P<0.05). No increase in 8-OHdG formation was
observed at 12 h (n=3, P>0.05), 24 h (n=1), or at 48 h (n=1) post AFB1.
Polyethylene glycol (PEG)-conjugated catalase treatment resulted in a 1.8 to 3.6
fold increase in catalase activity in cell digest, alveolar type II cells, and Clara cells
(P<0.05). Prior treatment with 300 kU/kg PEG-catalase prevented the AFB1-induced increase in 8-OHdG levels in all mouse lung cell preparations (n=3, P<0.05)
2 h post-treatment. These results suggest that oxidative DNA damage in mouse
lung cells may contribute to AFB1 carcinogenicity. The prevention of the increase
in 8-OHdG formation by PEG-catalase suggests a novel potential protective strategy against the tumourigenicity of AFB1. Supported by Canadian Institutes of
Health Research Grant No. MOP-10382.

1650

EFFECTS OF ACUTE EXPOSURE OF SELENAZOLIDINE
PRODRUGS OF L-SELENOCYSTEINE ON
CHEMOPREVENTIVE ENZYMES IN MICE AND
HEPA1C1C7 CELLS
W. M. El Sayed1, T. Aboul Fadl1, J. G. Lamb1, J. C. Roberts2 and M. R.
Franklin1. 1University of Utah, Salt Lake City, UT and 2University of Wisconsin,
Madison, WI.
Prodrugs of L-selenocysteine have the potential of being cancer chemopreventive
agents. One such compound, 2-oxoselenazolidine-4[R]-carboxylic acid [OSCA]
has already proven effective in reducing NNK-induced lung adenoma multiplicity
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in mice. 2-Alkyl/aryl-substituted selenazolidine carboxylic acids [SCAs] have also
been synthesized and together with OSCA, SCA, sodium selenite, selenocystine, selenomethionine, and Se-methyl-L-selenocysteine [SMSC], the acute effects of a
single supra-nutritional dose on liver mRNAs in mice, and 24 hour exposure in
Hepa1c1c7 cells have been evaluated.
In Hepa cells, the only response to non-SCA compounds was an increase in glutathione S-transferase [Gst]-alpha. Three SCA derivatives, 2-methyl [MSCA], 2-(2hydroxyphenyl) [PhOHSCA] and 2-cyclohexyl [ChSCA] also elevated Gst-alpha.
ChSCA elevated Gst-mu and Gst-pi in addition. ChSCA and 2-phenylSCA
[PhSCA] elevated glutathione peroxidase [Gpx], and MSCA and PhOHSCA elevated quinone oxidoreductase (Nqo) and thioredoxin reductase [Trr]. UDP-glucuronosyltransferase [Ugt] 1a6 was elevated by 2-butylSCA [BSCA] and SCA, and
Ugt1a9 was elevated by ChSCA and BSCA.
In vivo, route-independent elevations of mRNAs were Gst-pi by PHSCA, Ugt1a1
by OSCA, Ugt2b5 by MSCA, and Ugt1a6, Gpx, and Gst-mu by SMSC. Of effects
seen with only one route of administration, elevations of Gpx, Gsts, and microsomal epoxide hydrolase [Meh] were seen (variously with BSCA, selenite, PhSCA,
PhOHSCA) with ig dosing. Nqo and Trr elevations were seen (variously with
OSCA, MSCA, SMSC) with ip dosing.
Responses of murine liver chemoprotective enzymes to selenium compounds in
vivo could not be ascertained from responses of hepatoma cells. ChSCA and SMSC
were opposite extremes of responses in one system (cells and in vivo respectively)
and not the other. No profile of changes common to all selenazolidine L-selenocysteine prodrugs, or even other selenium containing compounds could be discerned
in either system.
Supported by GM 0589133.
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REDUCTION IN BASAL ARYL HYDROCARBON
RECEPTOR EXPRESSION AND CYTOCHROME P4501A1 INDUCTION BY SOY CONSUMPTION

R. Singhal1, M. Fergusson3, M. J. Ronis1, 3 and T. M. Badger2, 3. 1Pharmacology/
Toxicology, University. of Arkansas for Medical Sciences, Little Rock, AR,
2
Physiol/Biophys, University of Arkansas for Medical Sciences, Little Rock, AR and
3
Arkansas Children’s Nutrition Center, Little Rock, AR.
Epidemiological studies suggest that the consumption of soy results in reduced cancer incidence, however, the mechanisms are still under investigation. Aryl hydrocarbon receptor (AhR) transcriptionally regulates cytochrome P450 enzymes of gene
family 1 (CYP1s) which oxidize environmental procarcinogens such as polycyclic
aromatic hydrocarbons to mutagenic metabolites. We have investigated the effect of
soy consumption on the AhR mediated signaling pathway. We hypothesized that
soy protein isolate (SPI) results in the reduction of basal AhR protein levels which
will result in decreased induction of CYP1 family members. Three studies were
conducted. 1. Adult rats, fed with SPI ± bound phytochemicals, were gavaged with
7,12-dimethylbenz[a]anthracene (DMBA). 2. Effects on hepatic AhR and CYP1A1
expression and activities were determined. 3. Time course effect (0-20 days) of SPI
consumption was studied on basal AhR expression. Since a purely in-vitro model
fails to recapitulate the in-vivo metabolism of SPI and associated phytochemicals,
we developed an ex-vivo model for evaluating the mechanism of SPI mediated AhR
reduction. Rat hepatoma, FGC-4, cells were treated with serum (5% complete
media) from rats fed with SPI. After 12hr of treatment, cells were challenged with
1µM DMBA for 24 or 48 hr. We conclude that in-vivo consumption of phytochemicals bound to SPI for more than 20 days results in reduction of basal AhR
protein level (47%); DMBA induced CYP1A1 apoprotein level and activity
(p<0.05) in rat liver. No significant effect was observed on AhR mRNA levels
demonstrating that AhR protein reduction by SPI is post transcriptional. Similar
results were obtained in the ex-vivo model. A significant (p<0.05) two fold reduction was observed in CYP1A1 mRNA and protein expression in 48hrs DMBA
treatment group accompanied by a 43% reduction in AhR protein. This in part explains the anti-carcinogenic mechanism of soy.

1652

LONG-TERM TREATMENT WITH BROMOCRIPTINE
INHIBITS RAT UTERINE ADENOCARCINOMA
DEVELOPMENT

M. Yoshida1, G. Watanabe2, T. Tanimoto1, K. Taya2 and A. Maekawa1.
1
Pathology, Sasaki Institute, Tokyo, Japan and 2Veterinary Physiology, Tokyo University
of Agriculture and Technology, Tokyo, Japan. Sponsor: C. Tohyama.
Ovarian atrophy leading to ovarian hormone imbalance, especially increased
17beta-estradiol (E2) level relative to progesterone (P) level (E2:P ratio), plays an
important role for promotion of uterine carcinogenesis in rats as well as women.
Whereas prolactin (PRL) has a role in corpus luteum (CL) regulation in rats, the effect of blocking PRL secretion on uterine carcinogenesis is unclear. The present
study was conducted to investigate effects of long-term suppression by bromocriptine (BRC), a dopamine agonist, on uterine cancer development using Donryu
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strain rat, a high-yield strain of endometrial adenocarcinoma. All female rats were
given N-ethyl-N’-nitro-N-nitrosoguanidine into the uterus at 11 weeks of age.
After the initiation, half numbers of the rats were subcutaneously treated with BRC
at 1mg/kg, which dose blocks the proestrous prolactin surge, at 4 times per week up
to 15 months of age, and compared uterine neoplastic lesions to those of the control rats. The BRC treatment significantly inhibited endometrial adenocarcinoma
development both incidence and multiplicity, whereas the treatment increased in
an incidence of severe atypical hyperplasia in the endometrium, precancerous lesion. The treatment exerted no effects on estrous cyclicity and ovarian weights,
however vacuolated cells in the interstitial glands of the ovary were increased in the
BRC treated group, and serum E2:P ratio was significantly decreased by the BRC
treatment. In addition, a short-term assay of BRC using cycling Donryu rats to
confirm short-term effects of BRC to the ovary clearly demonstrated increased
numbers of corpus lutea (CL) and low serum PRL level. In conclusion, the longterm treatment with BRC inhibited the rat uterine cancer development or delayed
its onset. The long-term blockage of CL regression leading to decreased E2:P ratio
might be a cue for the inhibitory effect.

1653

CONSTITUTIVE AND ACTIVATION-INDUCIBLE
CYCLOOXYGENASE-2 ACTIVITY PROMOTES
SURVIVAL OF PRIMARY HUMAN CHRONIC
LYMPHOCYTIC LEUKEMIA B CELLS

E. P. Ryan1, S. H. Bernsetin2, N. Chiorazzi3, R. E. Felgar4 and R. P. Phipps1, 2, 4.
1
Environmental Medicine, University of Rochester, Rochester, NY, 2James P. Wilmot
Cancer Center, University of Rochester, Rochester, NY, 3North Shore-LIJ Health
System, Institute for Medical Research, Manhasset, NY and 4Pathology and
Laboratory Medicine, University of Rochester, Rochester, NY.
We recently reported that activated normal human B lymphocytes express cycylooxygenase-2 (Cox-2). These findings prompted us to evaluate whether human
Chronic Lymphocytic Leukemia (B-CLL) B cells express Cox-2 and synthesize
bioactive eicosanoid products. New paradigms indicate that many malignant cells
over-express Cox-2 and that Cox-2 products enhance tumor cell growth. We developed a novel, sensitive flow cytometric method to determine Cox-1 and Cox-2 expression levels in human blood B-CLL cells. In contrast to that seen in naive
human blood B cells, B-CLL cells constitutively expressed Cox-2 protein and produced PGE2, PGF2α, and TXA2. Marked heterogeneity in steady-state Cox-2
mRNA levels was detected by RNase protection assay and real-time RT-PCR analysis. Interestingly, constitutive Cox-1 and Cox-2 protein expression was seen in BCLL cells having either mutated or unmutated imunoglobulin variable heavy
chain, a valuable marker of B-CLL prognosis. Furthermore, stimulation of B-CLL
cells with CD40 ligand plus TNFα increased Cox-2 mRNA and protein expression. The role of Cox-2 in promoting B-CLL survival was investigated using
NSAIDs and Cox-2 selective small molecule inhibitors. Significant reductions in BCLL proliferation and survival occurred following Cox-2 inhibition. These new
findings support that constitutive Cox-2 expression in B-CLL cells promotes their
survival and possibly their expansion in vivo. Thus, it will be important to further
evaluate drugs that inhibit Cox-2 activity, as potential therapeutic agents to control
malignant human B cell proliferation or metastasis in vivo. This research was supported by NIH grants DE011390, ES10247, T32 ES07026, and a grant from the
Leukemia and Lymphoma Foundation.
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THE INDUCTION OF SUPEROXIDE DISMUTASE AND
INHIBITION OF DIETHYLSTILBESTEROL INDUCED
DNA STRAND BREAKS BY DIALLY SULFIDE IN MCF10A
CELLS

M. L. McCaskill, C. Wilson, A. Aboyade-Cole, L. Russel, A. Tucker and R.
Thomas. Florida A&M University, Tallahassee, FL.
Diethylstilbesterol (DES) is a synthetic estrogen that has been shown to cause cancer in animals and humans. DES is metabolized to reactive intermediates that
causes DNA strand breaks. DAS has been shown to prevent cancer by altering the
metabolism of xenobiotics. We hypothesize that DAS will inhibit the metabolism
of DES and induce the expression of superoxide dismutase (SOD) such that DES
induced DNA strand breaks are inhibited. To test this hypothesis various groups of
MCF10A cells were dosed with DES (1,10&100 µM), DAS (1,10, & 100µM),
and DES (100µM)/ DAS (1 & 10 µM). After 3 hours the cells were analyzed for
DNA strand breaks by Comet Assay. Also cells were pretreated with DAS (10µM)
for 6 hours followed by DES for three hours to determine the effects of gene expression on DES induced DNA strand breaks. Cells were treated for 3, 6, 9, and 12
hours with DAS (10 µM) to determine the effect of DAS on the expression of
SOD. Total RNA was isolated, reverse transcribed, and gene expression was analyzed by Real-Time PCR. We have demonstrated that DAS inhibited the production of DES induced DNA strand breaks in a dose dependant fashion.
Concentrations of DAS 1 and 10 µM inhibited the Mean Olive Tail Moment by

81% and 89% respectively, and pretreatment of DAS for 6 and 12 hours inhibited
the production of DNA strand breaks in a time dependent manner. Six hour pretreatment inhibited the MOTM by 41% and 12 hour pretreatment decreased the
MOTM by 92.3%. DAS increased the mRNA levels of SOD by 2 fold at 3 hours
and 13 fold at 6 hours. This induction reverted to that of the control at 9 and 24
hours.
We have demonstrated that DAS prevents DES induced DNA strand breaks when
given concomitantly with DES and when given prior to DES. This implies that
DAS inhibits the metabolism of DES as well as alters the expression of genes relating to the production of reactive intermediates of DES leading to the inhibition of
DNA strand breaks.

1655

EFFECT OF TRANSPLACENTAL AND POSTNATAL
EXPOSURE OF ZIDOVUDINE (AZT) AND
LAMIVUDINE (3TC) ON MITOCHONDRIAL GENE
EXPRESSION IN C3B6F1trp53(+/-) TRANSGENIC MICE

F. W. Lee1, S. M. Lewis1, L. H. Williams1, J. K. Dunnick2, W. T. Allaben1 and
J. E. Leakey1. 1Scientific Coordination, NCTR, Jefferson, AR and 2NTP, NIEHS,
Reseach Triangle Park, NC.
The nucleoside reverse transcriptase inhibitors (NRTIs) AZT/3TC are used in
combination to reduce maternal-fetal HIV transmission. AZT, genotoxic in fetal
mice, is also carcinogenic in mice. Pathology findings at 6 months show potential
damage by cellular toxicities related to mitochondrial dysfunction. Novel
C3B6F1trp53(+/-) p53 haplodeficient mice were gavaged with AZT (0, 160 or
240mg/kg) singly or combined with 3TC (160mg/kg AZT + 100 mg/kg 3TC) in
aqueous methylcellulose/Tween 80 (0.2/0.1%) transplacentally from gestation day
12 to 18, and from postnatal day (PND) 1 to 6 months. This transgenic mouse
model allows for rapid toxicity and carcinogenic screening of NRTIs. Survival at 6
months was <90% in controls but was reduced to <82% in male mice receiving 240
mg/kg AZT. Tissues were collected from mice on PND28 and at 6 months, and mitochondrial fractions isolated. Expression of subunits of the five protein complexes(CI - CV) that constitute the oxidative phosphorylation system were assessed
through SDS-Page and western blot techniques using monoclonal antibodies
(Molecular Probes Inc.) and an Immun-Star Anti-mouse AP chemiluminescent detection kit (Bio-Rad) on PVDF membranes. Immunoreactive bands were visualized
using a FluorChem 8000TM digital imaging system. Generally, expression of mitochondrial derived proteins (e.g. CIV subunit 1) were compared with nuclear derived proteins (e.g. CIV Va). Preliminary results showed that AZT or AZT/3TC
treatment preferentially decreased expression of proteins derived from the mitochondrial genome. For example, treatment with AZT/3TC decreased hepatic CIV
1 expression to 60.8 ± 4.1 % (p<0.01) of control values at PND 28. Smaller decreases were observed with AZT alone. Preliminary mitochip array data suggest that
other affected genes are associated with respiratory chain, lipid, and steroid metabolism. The data suggests that these NRTIs can selectively reduce mitochrondrial
gene expression in mice.

1656

ULTRAVIOLET RADIATION-INDUCED NONMELANOMA SKIN CANCER IN THE SKH:HR HAIRLESS
MOUSE: AUGMENTATION OF TUMOR MULTIPLICITY
BY CHLOROPHYLLIN AND PROTECTION BY INDOLE3-CARBINOL

R. Cope1, 2, B. Stang1, C. Loehr1 and N. Kerkvliet2. 1Veterinary Biosciences,
Oregon State University, Corvallis, OR and 2Environmental and Molecular
Toxicology, Oregon State University, Corvallis, OR.
Over 1 million new cases of ultraviolet radiation-induced non-melanoma skin cancers (NMSC) per year now occur in the USA and the incidence of these diseases
continues to increase. New preventative strategies are required. The hypothesis
tested was that dietary administration of the putative cancer chemopreventatives
sodium-copper-chlorophyllin (Chlor) or indole-3-carbinol (I3C) would inhibit
UV-induced skin carcinogenesis in the Crl: SKH1-hrBR hairless mouse.
Groups of 20 mice were pre-fed isocaloric/isonutritive 20% corn-oil AIN-76a diets
that contained either Chlor (1.52 g%), I3C (5.08 g%) or no chemopreventative
(control) for 2 weeks followed by exposure of their dorsal skin to a 10 week incremental, sub-erythemal, carcinogenic simulated solar UV exposure regime. Feeding
was continued for the duration of the experiment. Matched non-UV exposed dietary groups were also included in the experimental design.
The diets had no significant (p > 0.05) effect on body weight, feed consumption,
cutaneous methanol-extractable UV photoprotective substances or on cutaneous
UV-reflective characteristics. By day 180, UV-irradiated mice fed the Chlor had a
significantly (p < 0.05) higher tumor multiplicity (33.6 ± 4.72; mean ± SEM) than
UV-irradiated control animals (22.8 ± 4.25). UV-irradiated mice fed I3C had a significantly (p < 0.001) lower tumor multiplicity (13.0 ± 2.42) than that of both the
UV-irradiated control and UV-irradiated Chlor-fed mice. The Chlor or I3C diets

did not significantly (p > 0.05) affect UV-induced systemic suppression of contact
hypersensitivity responses. These results demonstrate augmentation of the UV-induced cutaneous carcinogenic process by dietary chlorophyllin and protection from
this carcinogenic process by indole-3-carbinol via mechanisms that do not involve
changes in skin optical properties or modulation of photoimmunosuppression.

1657

EFFECTS OF MELATONIN ON DIMETHYLARSINIC
ACID (DMA)-INDUCED CYTOTOXICITY AND
PROLIFERATION OF THE BLADDER EPITHELIUM OF
FEMALE F344 RATS

T. Ohnishi, L. L. Arnold, M. Cano, N. Clark and S. M. Cohen. University of
Nebraska Medical Center, Omaha, NE.
DMA is an organic arsenical which has been shown to be a bladder carcinogen in
rats when administered in the diet or drinking water. Melatonin is an effective free
radical scavenger. In our two previous studies, melatonin was co-administered with
DMA in the diet, but showed only a slight protective effect on DMA-induced cytotoxicity in the rat urinary bladder epithelium after treatment for two weeks. The
objective of this study was to determine whether intraperitoneal (i.p.) injection of
melatonin would inhibit the cytotoxic and proliferative effects of DMA on the
bladder epithelium in female F344 rats in a 2-week bioassay. We administered 100
ppm DMA in the diet. Melatonin in saline was administered by i.p. injection twice
each day (10 mg/kg/day), beginning 1 day prior to DMA feeding. Saline was administered i.p. twice each day as a solvent control. Changes in the bladder urothelium were evaluated by histopathology and scanning electron microscopy (SEM).
SEM examination showed severe cytotoxicity and hyperplasia of the bladder
urothelium in 3 of the 10 rats in the 100 ppm DMA-treated group, whereas no
such changes were seen in the DMA plus melatonin group. There were no abnormalities in the control or melatonin only treatment groups by SEM. These results
suggest that melatonin may be a partial inhibitor of DMA-induced urinary bladder
toxicity in rat.

1658

SYNTHESIS OF FATTY ACID ETHYL ESTERS AS
BIOLOGICAL MARKERS FOR THE DIAGNOSIS OF
FETAL ALCOHOL SYNDROME

H. Kim1, 2, E. S. Roberts-Kirchhoff3, 1, V. Hornik-Rosinski3, A. Ignagni1, E. E.
Cole1, K. Fleischmann1 and Y. Yuan1. 1Detroit R&D, Inc., Detroit, MI, 2Institute
of Environmental Health Sciences, Wayne State University, Detroit, MI and
3
Department . of Chemistry and Biochemistry, University of Detroit Mercy, Detroit,
MI.
Fetal alcohol syndrome (FAS) is a serious disease that can affect children born to
mothers who have consumed alcohol during their pregnancy and is best treated
with early diagnosis. One of the consequences to children with this disorder is that
they have altered fatty acid metabolism. 13-Hydroxyoctadeca-9,11-dienoic acid
(13-HODE), a metabolite of linoleic acid, was converted to an ethyl ester with lipase acrylic resin from Candida antarctica and ethanol in the presence of molecular
sieves. The ethyl ester was converted to a succinate derivative via its C13 hydroxyl
group in the presence of succinic anhydride with 4-dimethylaminopyridine (4DMAP) as a catalyst. The reaction proceeded under an argon atmosphere.
Controlling for water in the reaction mixture resulted in a greater yield of the desired succinate product. Identification of the ethyl ester of 13-HODE and the succinate derivative was achieved with gas chromatography/mass spectrometry of the
trimethylsilyl derivatives. The final succinate product was used for conjugation
without further purification. The succinate product was conjugated to keyhole
limpet hemocyanin (KLH) and bovine serum albumin (BSA). The KLH conjugate
was then used to immunize a goat. IgG was isolated from the KLH-immunized
goat serum and used in immunoassays with the BSA-conjugate. The isolated IgG
recognized the BSA conjugate as determined by ELISA. The IgG binding to the
BSA conjugate correlated with the amount of succinate product produced. Western
blot analysis revealed that, whereas the IgG did not bind to BSA, the IgG strongly
bound to BSA conjugated with ethanol-esterified 13-HODE. This result suggests
that the IgG recognized the ethanol-conjugated fatty acids. (Supported by NIAAA
SBIR Phase I R43 AA014535).

1659

SEARCH FOR DISEASE BIOMARKERS IN SERUM OF
MICE WITH HEPATOCELLULAR CARCINOMA

G. Gazzana and J. Borlak. Fraunhofer Institut of Toxicology and Experimental
Medicine, Hannover, Germany.
AIM: Xenobiotic induced liver injury is a common cause of drug withdrawl and
hepatotoxicity has been reported for more than 900 drugs, chemicals and herbs.
Chronic liver injury may result in malignancis. Early detection of tumor growth
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improves prognosis and decission making at the preclinical development stage of
experimental drugs. We searched for disease associated proteins in the sera of mice,
which specifically develope HCC as a result of targeted EGF overexpression under
the control of albumin promoter (see Borlak et al.; 2005).
METHOD: 500µg proteins of sera from (n=4) control animals (A) and (n=4)
HCC-mice (B) were separated in a range of pH 3-10 NL, employing 2D gel electrophoresis methodologies. After staining of proteins with coomassie blue and software analysis by differential display, spots of interest were cut and identified by
MALDI-TOF/TOF mass spectrometry.
RESULTS: After differential display a total of 29 regulated proteins were identified
in HCC mice and protein expression was increased for instance of alpha fetoprotein
and serum amyloid component P (SAP) amongst others.
CONCLUSION: Using a proteomic approach we identified disease associated
serum proteins in HCC mice. We identified more than 200 serum-proteins, some
of which are candidates for evaluation as biomarker. Translation of findings to cancer diagnostics will be the challenge of future research.

1660

DISCOVERY OF CYSTATIN C AS A BIOMARKER OF
CARDIAC CELL TYPE SPECIFIC OXIDATIVE INJURY
WITH SHOTGUN PROTEOMICS

L. Xie, Y. Lin and Q. Chen. University of Arizona, Tucson, AZ.
Heart disease contributes to the mortality associated with many types of environmental pollution. Oxidants have been indicated to play a critical role in heart attack
and heart failure. Two main cell types within the heart are cardiomyocytes and fibroblasts. While cardiomyocytes undergo hypertrophy or apoptosis, fibroblasts are
responsible for fibrosis during the process of heart failure. Noninvasive cell type
specific biomarkers are important for early diagnosis and proper treatment of heart
failure. We isolated cardiomyocytes and fibroblasts from the rat hearts and treated
cells with sublethal doses of H2O2. ESI-LC-MS/MS based proteomics was employed to identify alterations of secreted protein factors in the conditioned media
upon H2O2 treatment. The profiles of secreted proteins were compared between
two cell types. We found that H2O2 at sublethal doses caused an elevation in the
level of Cystatin C protein in the conditioned medium from cardiomyocytes, but
not from cardiac fibroblasts. An increase in Cystatin C was observed at the mRNA
level from cardiomyocytes but not fibroblasts treated with H2O2. To validate this
biomarker in association with oxidative stress in vivo, we induced cardiomyopathy
using chronic treatment of doxorubicin. We observed an elevated level of Cystatin
C protein in the plasma and an increase of Cystatin C mRNA in heart tissues of
doxorubicin treated mice. Higher levels of Cystatin C protein and mRNA were also
detected in the plasma and heart tissues respectively of aging mice, which are
known to have accumulated oxidative damage compared to their young counterpart. The third in vivo model of oxidative stress is myocardial infarction induced by
coronary artery ligation. This model generates cardiac specific oxidative injury.
Preliminary data from one experiment indicated an elevated level of Cystatin C
protein in the plasma of infarcted mouse. In conclusion, Cystatin C can be used as
a biomarker of cardiomyocyte specific injury associated with oxidative stress in vitro
and in vivo.

1661

PULMONARY RESPONSES OF AKR/J MICE EXPOSED
TO CIGARETTE SMOKE AND/OR LPS FOR 3-WEEK VIA
NOSE-ONLY INHALATION

K. M. Lee, R. A. Renne, S. J. Harbo, J. C. Blessing, M. L. Clark, R. E.
Johnson and K. M. Gideon. Toxicology NW, Battelle, Richland, WA.
A mouse model that exhibits increased and persistent pulmonary inflammation to
mimic exacerbation of chronic obstructive pulmonary disease (COPD) in smokers
was investigated. Male AKR/J mice were exposed via nose-only inhalation for
5d/wk for 3 wk to cigarette smoke (CS) and/or endotoxin (LPS), with the objectives of (1) testing the feasibility of co-exposure regimen for CS and LPS and (2)
analyzing lung tissue and fluid samples for potential COPD biomarkers. The study
consisted of four groups: 1) Sham: filtered air, 6 h/d; 2) CS, 250 µg/L WTPM for
5 h/d; 3) LPS (055:B5 E coli; 3M EU/mg) 0.5 µg/L, 1 h/d, 2 d/wk; and 4)
Smoke/LPS: CS, 5 hr/d followed by LPS (2 d/wk) or air, 1 h/d. After the last exposure, blood was collected and analyzed for COHb and nicotine. Mice were necropsied and lungs collected for bronchoalveolar lavage (BAL), histopathology or immunohistology. BAL fluid (BALF) was analyzed for enzymes, total protein,
cytology and cytokines. Terminal body weights of the Smoke and Smoke/LPS
groups were significantly lower than the control. COHb and nicotine confirmed
smoke exposure and were lower in the Smoke/LPS compared to the Smoke group.
BALF neutrophils were highest in the LPS group (>Smoke/LPS≈Smoke).
Macrophages were highest in the Smoke/LPS group (>LPS≈Smoke). LDH, NAG,
and total protein increased in all exposure groups. The LPS group induced the
greatest number of cytokines but KC and TARC in the Smoke group and RANTES
in the Smoke/LPS group were higher than the LPS group. Microscopically, the
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Smoke/LPS group had macrophage and neutrophilic infiltrates, while the LPS and
the Smoke groups had primarily neutrophilic and macrophage infiltrates, respectively. Apoptosis in lung tissues increased the most with the Smoke/LPS group
(>LPS>Smoke). In summary, the addition of LPS to CS exposure altered the CS- or
LPS-associated inflammatory cell response in tissue/BALF and the cytokine response in BALF. (Funded by Battelle BSTI IR&D)

1662

VALIDATION OF AN
ELECTROCHEMILUMINESCENCE-BASED ASSAY FOR
CARDIAC TROPONIN T AND ITS KINETICS IN RAT
SERUM FOLLOWING EXPOSURE TO VARIOUS
CARDIOTOXICANTS
P. Nordone, R. Dunn, C. Afshari and S. Thukral. Amgen, Thousand Oaks, CA.
Troponins are structural proteins in striated muscle cells, which exist as a ternary
complex (TnT, TnI and TnC) and form part of the contractile apparatus. When
myocardial damage occurs, troponins are released early after myocardial insult and
leak through the lymphatic drainage into the blood. Since circulating levels of troponins are normally very low and because cardiac troponins are specific to heart
muscle, they provide a highly sensitive and specific marker of cardiac injury. In the
clinical setting, cTnT is preferred over cTnI as a marker of cardiac injury because it
has been standardized across various assay platforms. However, because validated
reagents and assay formats for use in the preclinical setting are lacking, the use of
cTnT as a marker of cardiac injury in early drug development has been limited. The
utility of cTnT in assessing cardiotoxicity in preclinical species has been demonstrated and is being validated by the ILSI-HESI biomarker group. This study was
undertaken to develop and extend the validating cTnT assay for Sprague Dawley
rats. For assay qualification, the model cardiotoxicants isoproterenol, hydralazine,
orciprenaline and allylamine were administered daily at two different doses and
serum samples analyzed for cTnT at specific postdose time points. We describe the
robustness and precision of the human cTnT electrochemiluminescence assay
(BioVeris, Gaithersburg, MD) in rats and identify the optimal diagnostic window
to detect cTnT after exposure to cardiotoxicants.

1663

KIDNEY INJURY MOLECULE-1 (KIM-1) AS AN EARLY
BIOMARKER OF CADMIUM (CD) NEPHROTOXICITY
W. C. Prozialeck1, V. S. Vaidya2, A. Johnson2, J. Liu3, M. P. Waalkes3, J. R.
Edwards1, E. Diamantakos1, P. C. Lamar1, J. Theusch4 and J. V. Bonventre2.
1
Pharmacology, Midwestern University., Downers Grove, IL, 2Brigham and Woman’s
Hospital, Harvard Medical School, MA, 3NCI, Research Triangle Park, NC and
4
Animal Resources, University of Chicago, Chicago, IL.
Chronic exposure to Cd results in a generalized dysfunction of the proximal tubule
that is characterized by polyuria and an increase in the excretion of low molecular
weight proteins. As a result of the widespread use of Cd in industry and its extensive dissemination in the environment, there has been considerable interest in the
development of early biomarkers of Cd-induced renal injury. Kim-1 is a transmembrane glycoprotein that is normally not detectable in kidney, but is up-regulated
and shed into the urine following ischemic or nephrotoxic injury. The objective of
the present study was to determine whether or not Kim-1 might be an early biomarker of Cd nephrotoxicity. Male Sprague-Dawley rats weighting 250-300g received sc injections of Cd (0.6 mg/kg in isotonic saline, 5 days per week for up to
12 weeks). One day each week, 24-h urine samples were collected and analyzed for
Kim-1, total protein, creatinine and metallothionein. The results showed that significant levels of Kim-1 began to appear in the urine as early as 5-6 weeks into the
treatment protocol and then continued to rise throughout the remainder of the 12
week treatment period. The time course for the appearance of Kim-1 in the urine
paralleled that for the appearance of metallothionein, which has been widely used
as a marker of Cd exposure. Both Kim-1 and metallothionein appeared in the urine
3-4 weeks before there was any evidence of proteinuria or polyuria, which are classic markers of Cd-induced proximal tubule dysfunction. Immunohistochemical
analysis of kidney samples from animals that had been treated with Cd for 6 weeks
showed that Kim-1 was present in the epithelial cells of the proximal tubule.
Together, these results indicate that Kim-1 may be a useful biomarker of the early
stages of Cd-induced proximal tubular injury. Supported by Grants ES006478 to
WCP, and DK39773 and KS072381 to JVB.
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EXAMINATION OF HFE C282Y/H63D
HETEROZYGOTES AS A POTENTIAL HUMAN
MODELING SYSTEM FOR LOW LEVEL LIVER DAMAGE
N. H. Johnson, C. Mauzy, D. Todd, J. Boyer, T. Minnick and S. Stevens. Air
Force Research Laboratory, Wright-Patterson AFB OH, OH.
Individuals heterozygous for HFE mutations have been shown to demonstrate mild
iron-loading. In some studies, mildly elevated liver enzymes are noted. More sensitive testing methodologies are needed to assist in determining which heterozygous

individuals may be at risk for future deleterious effects. Alpha Glutithione-STransferase (AGST) has been used to determine sub-clinical liver dysfunction and
damage. However, AGST has not been used to examine the potential damage
caused by mild iron loading. Whole blood/serum samples from individuals 20-50
years of age were collected from the Wright Patterson AFB clinical laboratory with
only age and sex indicated. Genomic DNA was isolated from anticolagulated whole
blood using the GFX Genomic Blood DNA Purification Kit (Amersham
Biosciences). In two reactions, Exon 2 and Exon 4 of the HFE1 gene were amplified using primer sets HH63A/HH63B and HH1/HH5, respectively, in a standard
PCR reaction (Accuprime PCR Kit, Invitrogen). The PCR products were digested
either with MboI (Exon 2 containing the C186G mutation) or RsaI (Exon 4 containing the G845A mutation). The resultant restriction fragments were analyzed
with controls on a 2% TBE agarose gel. 3 groups of samples were identified
(C282Y heterozygotes, H63D heterozygotes, and homozygous normal controls).
Alanine aminotransferase, aspartate aminotransferase, gamma-glutamyl transferase.
alkaline phosphatase, iron status, and AGST were analyzed on each sample.
Samples from individuals heterozygous for the C282Y mutation did not demonstrate a statistically significant elevation in AGST or other liver enzymes when compared to samples with no mutation. Similar results were found in individuals heterozygous for the H63D mutation. These results demonstrate that AGST activity
may not be a good indicator for sub-clinical liver damage caused by increased loading of hepatic iron. Thus, the data does not support the use of human HFE
C282Y/H63D heterzygtote samples in sub-clinical human modeling.
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CYTOCHROME C: A NON-INVASIVE BIOMARKER OF
DRUG-INDUCED LIVER TOXICITY

T. J. Miller, P. Espandiari, J. Zhang, A. Knapton, J. L. Weaver, E. H. Herman
and J. P. Hanig. CDER, USFDA, Silver Spring, MD.
Limitations of existing biomarkers to detect liver injury in experimental animals
highlights the need for additional tools to predict human toxicity. Serum levels of
cytochrome c (cyt c), were evaluated in two rodent liver injury models, acetaminophen (APAP) and D-galactosamine (GalN), as a potential indicator of drug-induced liver injury. Treatment of adult male SD rats with APAP (1g/kg, i.p.) for 24
h caused an increase in both ALT (U/L) and AST (U/L) compared to saline control.
Similarly, ELISA analysis for serum cyt c demonstrated an increase in APAP-treated
rats and an undetectable level of cyt c in the control group (86.28±8.2 vs 0.0
ng/mL respectively). Likewise, SD rats given GalN (300, 500, 1100mg/kg) i.p. for
24, 48, 72, and 96 hours showed dose & time dependent changes in serum ALT
and AST levels, maximal at 24 h for all treatment groups. Increased serum levels of
cyt c (ng/mL) detected in GalN treated rats at 24 hours(1.1 g/kg: 122.7±10.6; 500
mg/kg: 5.374±0.7; 300 mg/kg: 3.1±0.4; vehicle: 2.8±0.3), mirrored the dose dependent increase in serum ALT and AST detected at this timepoint.
Immunohistochemistry performed on liver tissue from GalN treated rats revealed a
dose-related change in the location of cyt c from the perinuclear, punctuate-stained
mitochondria to the diffusely-stained cytoplasm of affected hepatocytes. In mid
and high-dose treated rats, cyt c can be found within the lumen of the hepatic central artery. Histopathology (H&E) of liver tissue from GalN-treated rats correlated
well with the serum markers for toxicity, revealing moderate hepatocyte necrosis
and increased hepatic inflammation in the mid and high-dose GalN treatment
groups, decreasing in severity at later timepoints. In addition, a dose-dependent, increase in TUNEL positive apoptotic nuclei in hepatocytes was observed at 24 h,
providing additional evidence for extracellular cyt c release. These studies demonstrate cyt c to be a useful indicator of hepatic injury in these animal models, and
supports its potential utility as a clinical predictor of drug-induced liver toxicity.
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AGE- AND DOSE-RELATED SENSITIVITY IN 2BUTOXYETHANOL F344 RAT MODEL OF HEMOLYTIC
ANEMIA AND DISSEMINATED THROMBOSIS

Y. Ramot1, D. A. Lewis2, T. L. Ortel2, M. Streicker3, G. Moser3, S. Elmore3, S.
Ward4, S. Peddada5 and A. Nyska4. 1Hadassah Medical Center, Hebrew University,
Jerusalem, Israel, 2Division of Hematology, Duke University Medical Center,
Durham, NC, 3ILS, Research Triangle Park, NC, 4Laboratory of Experimental
Pathology, NIEHS, Research Triangle Park, NC and 5Biostatistics Branch, NIEHS,
Research Triangle Park, NC.
In hemolytic disorders, such as sickle cell disease (SCD) and β-thalassemia, the
mechanisms of thrombosis are poorly understood. Appropriate animal models
would help to increase the understanding of the pathophysiology of thrombosis.
We previously reported that rats exposed to 2-butoxyethanol (2-BE) developed hemolytic anemia and disseminated thrombosis resembling SCD and β-thalassemia.
To further characterize our model, we investigated age- and dose-related differences
in sensitivity to 2-BE. We exposed groups of 6- and 12-week-old F344 rats (5 animals/group) to 62.5, 125, and 250 mg/kg/day of 2-BE for up to 4 days. Blood was
collected on days 2-4 for complete blood count and measurement of intercellular

adhesion molecule-1 (ICAM-1). ICAM-1 levels were measured due to the suggested involvement of adhesion molecules in the pathophysiology of microvascular
occlusion in SCD and in β-thalassemia. The maximum hemolytic response, resulting in higher mean cell volume and decreased erythrocyte count, was found in the
12-week-old rats treated with the highest dose of 2-BE (250 mg/kg, p < 0.0001).
The highest increase in ICAM-1 levels occurred in the 12-week-old rats treated
with 125 and 250 mg/kg 2-BE (p < 0.0001). A pink-red discoloration of the distal
aspect of the tail, known to reflect bone infarction secondary to thrombosis, was
more frequent and more pronounced in the 12-week-old high dose rats. Our findings show age- and dose-related sensitivity of rats exposed to 2-BE. In light of our
findings, we suggest that 12-week-old rats and doses of 250 mg/kg 2-BE should be
used in the 2-BE model.
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KIDNEY INJURY MOLECULE-1 (KIM-1) EXPRESSION IN
KIDNEY AND URINE FOLLOWING ACUTE EXPOSURE
TO GENTAMICIN AND MERCURY

P. L. Goering1, V. S. Vaidya3, R. P. Brown1, Z. Vakili1, B. A. Rosenzweig2, A.
M. Johnson3, K. L. Thompson2 and J. V. Bonventre3. 1CDRH, USFDA, Silver
Spring, MD, 2CDER, USFDA, Silver Spring, MD and 3Brigham and Women’s
Hospital, Harvard Medical School, Boston, MA.
Sensitive biomarkers are needed to detect kidney injury at the earliest stages because
routinely-used biomarkers, such as BUN and serum creatinine (Cr), do not indicate renal injury until a significant degree of renal function is lost. The objective of
this study was to determine whether kidney Kim-1 mRNA expression and appearance of Kim-1 protein ectodomain in urine may be more sensitive and useful biomarkers for renal injury after exposure to nephrotoxicants compared to traditional
biomarkers of nephrotoxicity (BUN, Cr, and urinary NAG). Male Sprague-Dawley
rats were injected with either mercuric chloride (Hg) at 0, 0.1, 0.25, 0.5, or 1 mg
Hg/kg, iv, or with gentamicin sulfate (gent) at 0, 25, 50, 100, 150, 200 or 400 mg
gent/kg, sc, daily for 3 days. Rats injected with gent were placed in metabolism
cages 24 hr after the 3rd injection and urine collected for the next 24 hr, after which
blood and kidneys were removed. After Hg injection, rats were immediately placed
in metabolism cages and blood and kidneys removed after 24 hr. In gent-treated
rats, BUN, Cr, and U-NAG levels were elevated above control values only at the
highest dose (400 mg/kg). In contrast, Kim-1 mRNA and urinary Kim-1 levels
were significantly increased above control values in a dose-related manner after injection of doses 100 mg/kg and higher. In Hg-treated rats, BUN, Cr, and U-NAG
levels were elevated only after injection of 0.5 mg/kg and higher. In contrast, renal
Kim-1 expression was elevated in a dose-related manner at doses 0.25 mg Hg/kg
and higher. Urinary Kim-1 was significantly increased in a dose-related manner
after injection of 0.25 and 0.5 mg Hg/kg, but remained at control values after 1
mg/kg, likely due to severe renal damage. Kim-1 gene expression in kidney and urinary Kim-1 protein may serve as biomarkers of renal injury that will improve detection of nephrotoxicity following exposure to chemicals and drugs.

1668

BIO-FLUIDS, THE DYNAMIC RANGE OF
ABUNDANCES, AND THE APPROACH TOWARDS
TOXICITY BIOMARKERS BY PROTEOMICS OF RAT
URINARY PROTEINS

M. S. Mondal1, I. Tcholakov1, P. Dinsmoor1, A. Que2, M. Cabonce2, G.
Stevens1 and S. Beushausen2. 1Worldwide Safety Sciences, Pfizer, Inc., La Jolla, CA
and 2Worldwide Safety Sciences, Pfizer, Inc., St. Louis, MO.
Low abundant proteins or peptides present in bio-fluids are of interest because
these proteins have greater potential to become sensitive biomarkers of disease or
tissue injury. These groups of proteins are expressed in specific tissues, and if present in bio-fluids exist at a low concentrations relative to other proteins in biological
fluids. Biomarkers that are easily accessible in bio-fluids such as urine and prove to
be sensitive and reproducible could provide a powerful tool for early safety evaluation of drug candidates in animals or humans. Current biomarker discovery efforts
rely on standard proteomics screenings, such as two-dimensional gel electrophoresis, and these screenings are well suited for high abundance proteins. However, this
standard proteomic strategy needs to be modified in the case of any urine biomarker discovery to detect low abundance proteins. In this report we addressed the
dynamic range issue for rat urinary proteins by developing a front-end fractionation
method, combined with the standard proteomics separation techniques. Three
major abundant proteins were depleted from the rat urine samples using antibodyhigh performance liquid chromatography based immuno-affinity techniques. The
depleted samples were further separated using ion-exchange, reverse-phase and sizeexclusion chromatography. The separation and identification of proteins in the
fractionated samples was performed using two-dimensional gel electrophoresis
(2DGE), surface enhanced laser desorption and ionization (SELDI) and liquid
chromatography based mass spectrometry (LC/MS/MS). This fractionation
method allows for the detection of large subset of low abundant proteins not readily detectable in rat urine.
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IDENTIFICATION OF EARLY BIOMARKERS OF
TUBULAR TOXICITY IN SPECIFIC RENAL SEGMENTS
AND IN URINE IN A RAT MODEL OF
NEPHROTOXICITY
A. Yang1, B. Jessen1, C. Fuentealba2, O. Illanes2 and F. Ramiro-Ibanez1. 1Pfizer
Global Research & Development, La Jolla Laboratories, San Diego, CA and 2Western
University of Health Sciences, Pomona, CA. Sponsor: G. Stevens.
The role of the kidney as a filtering organ implies continuous exposure to toxic substances circulating in the organism. Specific segments of the renal tubule possess the
ability to metabolize, transport and concentrate xenobiotics, making them a frequent target of drug-derived toxicity. Here p-aminophenol (PAP) nephrotoxicity
was used as a model to characterize early markers of renal damage. Male SD rats
were administered a single IP dose of 50 or 150 mg/kg of PAP. Treated animals and
time-matched controls were euthanized at 6, 12, 24 and 48 hours post-injection.
Microscopically, we observed dose and time related toxic effects in the proximal
tubules characterized by degeneration, necrosis, tubular dilation and tubular protein casts. Regeneration was observed as early as 24 hours with high dose. To correlate these lesions to changes in gene expression, we analyzed the transcriptome of
proximal tubular cells selected by laser capture microdissection (LCM) versus that
of the whole renal cortex. The expression profile revealed changes in genes involved
in antioxidation, xenobiotic metabolism, epithelial transport, cell-to-cell signaling,
and tissue remodeling. These changes were more pronounced in the tubular LCM
samples than in the whole cortical tissue. In addition, we correlated histopathological lesions with the excretion of several proteins in the urine at different time
points. Urinary excretion of alpha- and mu-glutathione S-transferases (GST),
gamma-glutamyl transferase (GGT), and N-acetyl-beta-D-glucosaminidase (NAG)
were markedly increased, especially with high dose, peaking at 6 hours followed by
a decline over time. Alpha-GST appeared to be the most sensitive. Our findings
show early changes in some urinary and gene-based biomarkers that correlated with
tubular damage in this model. The selection of tissue by LCM increased the detection sensitivity and may allow characterization of tissue damage before histopathological changes are detectable.
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BIOMARKERS FOR DETECTING MYOCARDIAL
DAMAGE IN CYNOMOLGUS MONKEY
K. Nakama, H. Minomo, H. Kadokura, H. Uchino, Y. Torikai, K. Fukuzaki
and R. Nagata. Shin Nippon Biomedical Laboratries, Kagoshima, Japan.
Assessment of cardiotoxicity is an important parameter in toxicological studies.
Currently cardiotoxicity is routinely detected by electrocardiogram and
histopathology. However when recording electrocardiograms in laboratory animals,
stress induced by restraint affects other clinical parameters, but clinical pathology
methods for the detection of cardiotoxicity have not been established. Adriamycin,
which is known to induce cardiotoxicity, was administered to cynomolgus monkeys, which are phylogenetically close to humans, and we investigated changes in
blood biomarkers of myocardial damage.
[Methods] Adriamycin at 5 mg/kg was administered via the cephalic vein of the
forearm to male cynomolgus monkeys (Source: China). Blood samples were collected from the femoral vein before dosing, and at 4, 8, 24, 48, 72, 96, 120, 144,
and 168 hours after dosing. LDH isoenzyme and CPK isoenzyme, myoglobin, troponin T and H-FABP were measured.
[Results] LDH1, LDH2, CK-MM, myoglobin, troponin T and H-FABP levels increased after dosing, and in particular, myoglobin, troponin T and H-FABP levels
were markedly increased. Myoglobin levels increased at 4 to 24 hours, troponin T
levels increased at 4 hours, and H-FABP levels increased at 4 to 8 hours after dosing. These markers showed marked changes at an early stage after dosing. LDH1,
LDH2 and CK-MM levels remained continually high for a protracted period (4-5
days). Each of the elevated markers showed different levels and duration at each
blood sampling point.
[Conclusion] We concluded that LDH isoenzyme, CPK isoenzyme, myoglobin,
troponin T and H-FABP are useful biomarkers for the detection of drug-induced
cardiotoxicity. However each of the elevated markers showed different levels and
duration at each blood sampling points. To accurately detect drug-induced cardiotoxicity in toxicological studies, appropriate blood sampling points for each target biomarker should be considered.
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IS THERE A THRESHOLD LEVEL FOR ALTERATIONS
IN THYROID HORMONE CONCENTRATIONS IN
THE PRODUCTION OF THYROID TUMORS IN
F344/N RATS?
G. Travlos1, G. Pearse1, L. Betz3, M. Hooth2 and E. Harvey3. 1Laboratory of
Experimental Pathology, NIEHS, Durham, NC, 2Toxicology Operations Branch, NIEHS,
Durham, NC and 3Constella Health Sciences, Durham, NC. Sponsor: T. Brock.
Relationships between treatment-related decreases in thyroxine and triiodothyronine and/or treatment-related increases in thyroid stimulating hormone and proliferative changes in thyroid follicular epithelium were evaluated for a series of 16 sub-
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chronic and chronic National Toxicology Program (NTP) studies in the F344/N
rat. The data consisted of 1-, 3-, and 13-week serum thyroxine (T4), triiodothyronine (T3) and thyroid stimulating hormone (TSH) concentrations and the incidence of thyroid neoplastic and non-neoplastic proliferative changes. For these
studies, treatment-related decreases in serum T4 and T3 and treatment-related increases in TSH were analyzed. The magnitude of thyroid hormone change was examined in relation to the occurrence of non-neoplastic proliferative change and/or
tumor development. In studies demonstrating thyroid hormone effects, the consistency of changes in hormone levels was examined over time. Nonparametric trend
tests were used to explore treatment related trends in T3, T4, and TSH. Fisher
Exact tests were performed on contingency tables to determine trend associations
between the three hormone levels and non-neoplastic proliferative change and/or
tumor development. Descriptive statistics and graphics were also used to summarize relationships. Ultimately, the results of this study will aid in the investigation of
the possibility that a threshold level related to the degree of change in thyroid hormones exists which, if exceeded, results in the development of thyroid tumors in
the rat.
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INFLUENCE OF EXPOSURE SCENARIOS ON
RESPONSE OF HUMAN GLIOMA CELLS TO
PACLITAXEL

J. M. Padowski1, E. M. Leslie2 and G. M. Pollack2. 1Curriculum in Toxicology,
UNC, Chapel Hill, NC and 2Division of Pharmacotherapy, UNC, Chapel Hill, NC.
Sponsor: D. Holbrook.
Evaluation of a maximal cytotoxic response to anticancer agents may depend on
optimization of several variables, including the frequency, magnitude, and duration
of exposure. This study evaluated the in vitro cytotoxicity of paclitaxel in two
human glioblastoma cell lines, U251 and U87MG. Three principal exposure variables were evaluated: dose, duration, and modality (continuous vs. fractionated
schedule). Duration was evaluated by exposing cells to medium containing paclitaxel, followed by replacement with drug-free medium at timed intervals.
Fractionated exposure was achieved by removing and replacing drug-containing
medium; cellular response was compared to that in cultures exposed to paclitaxel
continuously. Under all conditions, the relationship between cytotoxicity (examined through 4.5 doubling times) and overall paclitaxel exposure (defined as the
area under the paclitaxel medium concentration-time profile; AUC) was determined. Cell survival was determined twice per doubling time by MTT assay, and
reported as % control absorbance. In U87 cells, cytotoxicity was dependent only on
paclitaxel AUC; response was independent of exposure modality. In contrast, U251
cells displayed a marked sensitivity to administration modality. At a fixed duration
of exposure, U251 cells displayed the anticipated proportional relationship between
cytotoxicity and paclitaxel AUC. However, at a fixed AUC (90nMh), cytotoxicity
was higher during fractionated exposure, and decreased as the duration of exposure
increased (33±3 Vs. 91±4 % control absorbance, respectively). The present results
indicate that U251, but not U87, tumor cells are sensitive to variations in exposure
time, concentration and fractionation, with fractionated doses associated with increased cytotoxicity. The kinetics of paclitaxel exposure therefore may impact the
results of both in vitro assays of antineoplastic activity and in vivo dosing regimens.
Supported by NIH grant GM 61191 and NIEHS grant ES07126, CIHR fellowship to EML.
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A UNIQUE LIPOSOMAL DOCETAXEL FORMULATION
(LE-DT) EXHIBITS IMPROVED SAFETY, COMPARABLE
PHARMACOKINETICS AND THERAPEUTIC EFFICACY
TO TAXOTERE®

S. Khan, A. Ahmad, J. Anwer, P. Chen, C. Dudkowski, J. Ayoub, J. Zang and
I. Ahmad. Pharmacokinetics, Safety and Efficacy, NeoPharm Inc., Waukegan, IL.
Docetaxel is a semi synthetic analogue of Paclitaxel. Taxotere® is the approved formulation of docetaxel for the treatment of locally advanced or metastatic breast and
non-small-cell lung cancers. Acute hypersensitivity caused by its vehicle, Tween- 80,
often limits the chemotherapeutic potential of Taxotere®. In order to exploit maximal therapeutic benefit and minimize side effects, we have developed a novel detergent-free liposomal formulation of docetaxel (LE-DT) using NeoLipidTM technology. Toxicity, pharmacokinetic (PK) and efficacy profiles of LE-DT were evaluated
and compared with Taxotere®. LE-DT or Taxotere® were administered intravenously to CDF1 mice for five consecutive days and clinical signs, body weight,
mortality along with clinical pathology were used to evaluate toxicity. Severe clinical signs such as ataxia, hunched posture, lethargy and decrease in activity were observed on day 6 and were present till the end of the study after Taxotere® administration at 20 mg/kg dose level. However, only dehydration and rough coats were
noticed in animals from corresponding LE-DT group and these animals returned

to normal by days 14-19. LE-DT dosed animals at 20 mg/kg recovered and gained
body weights of day 1 when compared to corresponding Taxotere® dose group animals. PK parameters were determined after single IV administration of formulations. The plasma PK parameters- Cmax, t1/2, Vss, CL and AUC for docetaxel were
similar (80%-125%) for both formulations. Efficacy studies were performed in
murine melanoma (B16/F10), human breast (MDA-MB-231) and lung (A549)
xenograft tumor models. LE-DT formulation showed comparable therapeutic profile to Taxotere® in all three xenograft models. In conclusion, LE-DT exhibited
similar PK and efficacy profiles with improved tolerability compared to Taxotere®.
This formulation has potential in treating cancer patients.
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SUBCHRONIC TOXICITY EVALUATION OF
TAMOXIFEN + TARGRETIN IN FEMALE RATS

T. L. Horn1, W. D. Johnson1, C. J. Detrisac2, I. M. Kapetanovic3, J. A.
Crowell3 and D. L. McCormick1. 1IIT Research Institute, Chicago, IL, 2Pathology
Associates, Chicago, IL and 3National Cancer Institute, Bethesda, MD.
Tamoxifen is a non-steroidal anti-estrogen with known activity in the prevention of
human breast cancer. Targretin (bexarotene), a selective agonist for the Retinoid X
Receptor (RXR), inhibits mammary carcinogenesis in laboratory animals. The present study was conducted to support the preclinical development of tamoxifen + targretin for use as a breast cancer chemoprevention regimen in women. Using a 2 x 4
matrix study design, female CD rats (20/group) received daily oral (gavage) exposure to tamoxifen (in 0.5% ethanol in corn oil) at doses of 0 or 60 µg/kg/day
and/or targretin (in corn oil) at doses of 0, 5, 15, or 45 mg/kg/day for 90 days.
Study endpoints included survival, body weight, food consumption, clinical signs,
ophthalmology, hematology, clinical chemistry, coagulation, plasma drug levels,
organ weights, gross pathology, and microscopic pathology. Targretin induced a
mild, dose-related anemia; dose-related increases in ALT, ALP, CHOL, and TG levels; increases in serum Ca2+ levels; and increases in platelet counts. Tamoxifen had
no biologically significant effect on any clinical pathology parameter, and did not
alter the effects of targretin on these endpoints. Microscopic alterations induced by
targretin included epidermal hyperplasia, hyperkeratosis (stomach), cytoplasmic
clearing (liver), and focal mineralization (kidney). Microscopic changes in tamoxifen-treated rats were limited to mucous cell hypertrophy (cervix and vagina). There
were no apparent interactions between tamoxifen and targretin in the targets, incidence, or severity of microscopic pathology. The toxicologic effects of tamoxifen
and targretin appear to be essentially independent; toxicities seen in groups exposed
to both agents could be ascribed to one agent alone. The toxicity of combined administration of tamoxifen + targretin in female rats can be predicted based on the
toxicity of each drug as a single agent. (N01-CN-25129)
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THE TOXICITY ASSESSMENT OF TWO ANTIANGIOGENIC SMALL MOLECULES IN SPRAGUEDAWLEY RATS AND BEAGLE DOGS

M. D. Todd1, I. Hayward3, R. Willis1, C. Zimmermann1, T. Polverino4, J.
Engelhardt3, M. Consenza1 and S. Wolford2. 1Toxicology, Amgen, Inc., Thousand
Oaks, CA, 2Covance Laboratories, Inc., Madison, WI, 3Toxicologic Pathology,
Amgen, Inc., Thousand Oaks, CA and 4Cancer Biology, Amgen, Inc., Thousand Oaks,
CA.
The toxicity of two small molecules, AMG 01 and AMG 02, from the same chemical class was assessed in dose range findings studies in Sprague-Dawley rats and
Beagle dogs. Both molecules are potent inhibitors of VEGF, c-Kit, and PDGF receptors and demonstrated good efficacy in rodent tumor xenograft models. In 14day rat toxicity studies, both molecules were well-tolerated up to the highest doses
administered of 0.3 and 1.0 mg/kg/day for AMG 01 and AMG 02, respectively.
Most of the effects observed (bone, liver and ovary) were attributed to antagonism
of the VEGF and/or c-kit pathways. Subsequent dose range-finding studies of 7 to
14 days in duration were conducted in dogs. AMG 01 was poorly tolerated in dogs
and resulted in morbidity at doses of 0.3 and 0.5 mg/kg/day on days 8 and 9 of the
study. Dogs administered AMG 02 at similar dose levels survived until the end of
the study (day 15). Clinical chemistry findings included moderate to severe increases in fibrinogen (both molecules) and C reactive protein (AMG 02).
Histologic findings associated with AMG 01 administration included mucosal
edema and hemorrhage in the gastrointestinal (GI) tract and a necrotizing pan-vasculitis in several organs. AMG 02 also produced necrotizing vasculitis in dogs.
These types of vascular lesions have not been observed with other small molecule
VEGF receptor inhibitors of different structural classes and it is uncertain if they
are related to mechanism of action. Due to the severity of the vascular lesions and
the lack of a safety margin, the development of AMG 01 and AMG 02 was not
continued.
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DIFFERENTIAL HEPATIC EXPRESSION OF GENES
REGULATING DRUG AND LIPID METABOLISM IN
RATS EXPOSED TO TARGRETIN

J. Naylor1, K. Torres1, T. L. Horn1, I. M. Kapetanovic2, R. A. Lubet2, J. A.
Crowell2 and D. L. McCormick1. 1IIT Research Institute, Chicago, IL and
2
National Cancer Institute, Bethesda, MD.
The combination regimen of targretin (a selective agonist for the Retinoid X
Receptor) plus tamoxifen (a non-steroidal anti-estrogen) is in preclinical development for breast cancer prevention. Toxicogenomic studies were performed to investigate the influence of these agents on global gene expression in the liver. Female
CD rats received daily gavage exposure to targretin (5, 15, or 45 mg/kg/day); tamoxifen (60 µg/kg/day); targretin + tamoxifen (5 + 60, 15 + 60, or 45 + 60); or vehicle only for 90 days. Livers were harvested from 5 rats/group, and RNA was isolated and analyzed using Affymetrix Rat 230 2.0 GeneChips. Robust Multichip
Average (RMA) expression values [GeneSpring, v.7.2] were used with fold-change
filters and statistical tests to identify differentially expressed genes. Targretin induced dose-related over-expression of several genes involved in steroid, drug, and/or
fatty acid metabolism; tamoxifen did not alter the effects of targretin. Over-expressed genes in targretin-treated rats included cyp2a2 (steroid hydroxylase, 16-43
fold over-expression); cyp2b2 (drug metabolism, 8-10 fold); cyp17a1 (steroid metabolism, 1.5-4 fold); cyp26a1 (retinoid metabolism, 3-17 fold); carboxylesterase-2
(lipid metabolism, 5-10 fold), acetyl-coenzyme A carboxylase α (lipid synthesis,
2.4-3.5 fold), cytosolic acyl-CoA thioesterase 1 (lipid metabolism, 15-27 fold),
fatty acid synthase (lipid synthesis, 4-10 fold), and stearoyl-coenzyme A desaturase
1 & 2 (lipid metabolism, 25-35 fold and 25-60 fold, respectively). By contrast,
cyp1a2 (xenobiotic metabolism; 1.5-3 fold) and annexin A3 (phospholipase A2 inhibition; 2-5 fold) were both down-regulated in dose-related fashion in rats exposed
to targretin. Over-expression of genes involved in drug and lipid metabolism may
underlie the observed effects of targretin on plasma cholesterol and triglyceride levels, and the effects of this retinoid on liver histology. (N01-CN-25129)
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THIRTEEN WEEK ORAL (GAVAGE) TOXICITY STUDY
OF L-SE-METHYLSELENOCYSTEINE (SEMC) IN RATS

Y. Chen1, I. Kapetanovic2, J. Crowell2, C. Ip3, R. Morrissey4 and A. Lyubimov1.
1
Toxicology Research Laboratory, University of Illinois at Chicago, Chicago, IL,
2
Division of Cancer Prevention, National Cancer Institute, Bethesda, MD, 3Roswell
Park Cancer Institute, Buffalo, NY and 4Pathology Associates Division, Charles River
Laboratories, Chicago, IL.
The purpose of this study was to determine the toxicity of L-SeMethylselenocysteine (SeMC) in rats following thirteen weeks of daily administration by gavage. Dose levels studied were 0, 0.4, 0.8 and 2.0 mg/kg/day. No treatment-related mortalities occurred. Treatment-related clinical signs of toxicity were
seen in a dose-dependent manner in the 0.8 and 2.0 dose groups, including lightcolored feces, dehydration, rough coat and piloerection in both males and females.
Total body weight gains were significantly decreased at 0.8 and 2.0 mg/kg/day,
males by 12.5% and 25.4%, and females by 22.5% and 38.4%, respectively, when
compared to the control group. In agreement with body weight changes, food consumption was decreased in a dose-dependent manner in all SeMC dose groups
throughout the study. Slight anemia (MCH, MCHC, and HGB concentrations
significantly decreased) was seen in males and modest anemia (RBC, HGB, HCT,
MCV or MCH concentrations significantly decreased) was seen in females in weeks
4 and 13 at 2.0 mg/kg/day. Prothrombin time was significantly increased in females
at 2.0 mg/kg/day. Mild hepatotoxicity was seen in both males (serum ALT levels
significantly increased) and females (serum ALT, AST and total bilirubin levels significantly increased) in week 4 at 2.0 mg/kg/day. The results of ophthalmic evaluations were within normal limits. Relative heart and testes weights were significantly
decreased in male, and relative ovarian weights were significantly decreased in females at 2.0 mg/kg/day. Histopathologic lesions were found in the following target
organs of systemic toxicity: liver (females only), testes, and ovaries at 2.0
mg/kg/day. Under the conditions of this study, the No-Observed-Adverse-EffectLevel (NOAEL) of SeMC in rats was 0.4 mg/kg/day.

1678

RENAL TOXICITY AND HYPERBILIRUBINEMIA OF A
NOVEL MATRIX METALLOPROTEINASE (MMP)
INHIBITOR IN CYNOMOLGUS MONKEYS

K. Datta, R. Guzman, W. E. Maier, F. A. Grzemski and D. G. Robertson.
Worldwide Safety Sciences, Pfizer Global R&D, Ann Arbor, MI.
A novel MMP inhibitor was in development for the treatment of multiple disease
indications. As part of the nonclinical safety assessment, a study was designed to administer this compound by oral gavage to young adult cynomolgus monkeys (3
monkeys/dose/sex) for 2 weeks at doses of 100, 300 and 1000 mg/kg BID, 4 hours
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apart. Mortality occurred at all doses from 3 to 6 days of dosing. Mortality was preceded by clinical signs including hypoactivity, emesis, reduced or absent feces, decreased skin turgor and abdominal distension. Relative to pretest, total bilirubin
(direct), creatinine and urea nitrogen were increased up to 26, 16.5 and 9.5 fold respectively in a non-dose related manner. Grossly, kidneys were pale and there was
perirenal edema. Histologically, there was marked diffuse tubular epithelial hyperplasia with loss of cortical tubular architecture. Most tubular lumina were partially
lined or occluded by clusters of large, pleomorphic, basophilic epithelial cells.
These cells had abundant basophilic cytoplasm, large hyperchromatic nuclei and
prominent nucleoli with high number of mitotic figures. There was minimal to
mild single cell necrosis/apoptosis. In addition, many tubules were dilated and
lined by epithelial cells containing swollen and finely vacuolated cytoplasm. Based
on the total bilirubin (direct), creatinine, urea nitrogen and renal histopathology
evaluation, males were more severely affected than females, however no sex-difference in systemic exposure noticed. On Day 1, combined-sex systemic exposures
were 89.7, 112 and 249 µg.hr/mL at 100, 300 and 1000 mg/kg BID respectively.
Taken together, no NOAEL was identified in monkeys. In other studies, no renal
toxicity was noted in rats, mice and hamsters at comparable or higher systemic exposures indicating species difference in this compound induced renal toxicity and
hyperbilirubinemia.

mainly via transactivation or transrepression. Herein we describe our results on the
effects of a selective dissociative GC receptor (GR) agonist (Ali et al. J Med Chem
2004, 47, 2441) in mouse osteoclasts.
Mouse bone marrow cells were cultured for 10 days on bovine bone slices. Cells differentiated to osteoclasts by RANKL (30 ng/ml) and M-CSF (10 ng/ml) in the
presence or absence of various concentrations of dexamethasone (DX) or GR agonist and / or glucocorticoid receptor antagonist (RU-486). Osteoclasts were defined
as TRACP-positive multinucleated cells and the area of bone resorption pits were
counted as a measure of bone resorption activity.
Dexamethasone (10-11 M) did not affect the number of TRACP+ multinucleated
cells, when compared to control. However, DX + RU-486 induced significantly less
TRACP+ multinucleated cells than dexamethasone. DX alone (day 10) increased
the area of bone resorption, while RU-486 reversed this effect. Similarly, GR agonist (10-7 M) increased the formation of TRACP+ multinucleated cells and increased (at 10-8 M) bone resorption.
The data indicate that DX and GR agonist have a direct effect on osteoclast formation and activity. The effect of DX can be inhibited by RU-486. This data suggests
that bone side-effects can not be dissociated by a selective GR agonist in respect to
osteoclast differentiation.
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PATTERNS OF LIVER-FUNCTION TEST LEVELS
DURING A LONG-TERM TRIAL OF ACETAMINOPHEN
IN SUBJECTS WITH OA PAIN
1

1

2 1

A. Temple , K. Cooper and G. Benson . McNeil Consumer & Specialty
Pharmaceuticals, Fort Washington, PA and 2Robert Wood Johnson Medical School,
Camden, NJ. Sponsor: M. Yuschak.
Purpose: This study assessed the safety of APAP 4g/d when used for up to 1 year to
treat osteoarthritis (OA) pain of the hip or knee. This analysis characterized the patterns of liver-function test (LFTs) levels during long-term treatment with APAP.
Methods: This was a multi-center, randomized, double-blind study of up to 12
months duration. Subjects 40 to 75 years of age with pain secondary to OA of the
hip or knee were randomized to treatment with APAP 4g/d or naproxen 750 mg/d
for up to 6 (n=102) or 12 months (n=469). Assessments were conducted after 1, 3,
and 6 months (6-mo group) or 1, 3, 6, 9 and 12 months (12-mo group). LFTs and
adverse events were recorded at each visit.
Results: A total of 581 subjects were enrolled; 571 were included in the safety population. In the APAP group (n=290), a total of 134 completed 3 months, 96 completed 6 months, 60 completed 9 months, and 55 completed a full 12 months. The
median dosing adherence rates ranged from 95.5 to 98.6%(average APAP dose
>100 g/month). A total of 1394 AST and ALT values were obtained from the
APAP subjects, of which 33 values (2.4%) were above 1X upper limit of reference
range (ULRR). No APAP subjects had AST >2X ULRR or ALT >2X ULRR. The
majority of values were within reference limits. Values above the ULRR are discussed below.
AST/ALT values (IU/L) for APAP 4 g/day at Months 1 to 12:
Month = Month 1, Month 3, Month 6, Month 9, Month 12
No. measures obtained = 270, 172, 124, 71, 60
AST Mean(SD) = 25.3(7.0), 24.8(6.7), 23.9(6.3), 22.3(5.8), 25.1(8.1)
ALT Mean(SD) = 23.4(10.8), 23.2(10.2), 22.9(8.8), 22.1(10.1),24.5(10.9)
AST Above ULRR = 10(3.7), 7(4.1), 3(2.4), 0, 3(5.0)
ALT Above ULRR = 5(1.9), 3(1.7), 0, 1(1.4), 1(1.7)
Reference ranges: AST = 11 to 44 IU/L; ALT = 0 to 60 IU/L.
Conclusion: There were no APAP subjects whose LFTs exceeded 2XULRR at any
point in time during the 12 months of treatment. Continuous use of APAP for up
to 12 months at recommended doses of 4g/d did not result in clinically important
adverse effects.
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THE EFFECTS OF A DISSOCIATED GLUCOCORTICOID
RECEPTOR LIGAND AND DEXAMETHASONE ON
OSTEOCLAST DIFFERENTIATION AND BONE
RESORPTION IN VITRO

H. Jarvelainen1, 2, K. Nelo3, J. Ilvesaro3 and J. Tuukkanen3. 1AstraZeneca R&D,
Lund, Sweden, 2Department of Food and Environmental Hygiene, University of
Helsinki, Helsinki, Finland and 3Department of Anatomy and Cell Biology,
University of Oulu, Oulu, Finland.
Corticosteroid (GC) treatment is known to induce osteoporosis. Much of the bone
loss is caused by reduced bone formation, but also bone resorption may be increased, possibly by a stimulation of osteoclast differentiation. The anti-inflammatory effects of GCs are thought to be due to gene transrepression and many of the
side effects via transactivation. Therefore, GCs capable of dissociation, inducing
strong transrepression while little transactivation, have a potential to show a reduced side-effect profile. It is unclear whether adverse effects on bone are mediated
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THERAPEUTIC EFFICACY AND SAFETY OF UC-II, (-)HYDROXYCITRIC ACID-SX, HYDROXYCITRIC- GL,
AND CHROMEMATE IN ARTHRITIC DOGS

A. Peal1, R. C. Gupta1, A. Curtsinger1, M. Alvey1, C. Simms1, M. D’Altilio1,
J. Goad1, T. Canerdy1, M. Bagchi2 and D. Bagchi2. 1Toxicology, Murray State
University, Hopkinsville, KY and 2InterHealth Nutraceuticals, Inc., Benicia, CA.
The present investigation evaluated therapeutic efficacy and safety of glycosylated
undenatured type II collagen (UC-II), (-)-hydroxycitric acid-SX (HCA-SX, Super
Citrimax), and (-)-hydroxycitric acid-glucosamine (HCA-GL), and ChromeMate
(CM), given alone or in combination. Thirty arthritic dogs in six groups (n=5) received daily treatment as follows: Group-I (placebo), Group-II (10 mg UC-II),
Group-III (1,800 mg HCA), Group-IV (1,800 mg HCA + 100 µg CM), Group-V
(1,800 mg HCA + 100 µg CM + 10 mg UC-II), and Group-VI (1,350 mg HCA +
100 µg CM). The treatment was given daily for 120 days, followed by a 30 days
withdrawal. The dogs were evaluated for overall pain, pain upon limb manipulation, and exercise-associated lameness, on a monthly basis. Blood-serum samples
were assayed for markers of liver function (bilirubin and ALT), and renal function
(BUN and creatinine). In addition, body weight and body temperature were measured. Group-I dogs exhibited no significant change in arthritic conditions. The
dogs receiving HCA + CM (Group-IV) for 90 days showed some signs of arthritis
alleviation, however, UC-II alone (Group-II) or in combination with HCA + CM
(Group-V) provided marked reduction in overall pain (46- 57%), pain upon limb
manipulation (50- 55%), and exercise associated lameness (44- 46%). In Groups II
and V, maximum pain reductions were seen after a 120 days treatment (62-70%,
67-91%, and 69-78%, correspondingly). All dogs experienced a relapse of pain
after a withdrawal of 30 days. None of the dogs in any groups showed any adverse
effects or change in liver or kidney function markers, body weight, or body temperature. These data suggest that treatment of arthritic dogs with UC-II alone or in
combination with HCA and CM ameliorates the signs of arthritis, and these supplements are well-tolerated as no adverse effects were noted (supported by
InterHealth Nutraceuticals Inc., Benicia, CA).

1682

SAFETY AND THERAPEUTIC EFFICAY OF
UNDENATURED TYPE II COLLAGEN ALONE, AND IN
COMBINATION WITH GLUCOSAMINE AND
CHONDROITIN IN ARTHRITIC DOGS

M. D’Altilio1, R. C. Gupta1, A. Peal1, A. Curtsinger1, M. Alvey1, C. Simms1,
T. Canerdy1, J. Goad1, M. Bagchi2 and D. Bagchi2. 1Toxicology, Murray State
University, Hopkinsville, KY and 2InterHealth Nutraceuticals Inc., Benicia, CA.
This investigation evaluated the safety and therapeutic efficacy of glycosylated undenatured type II collagen (UC-II) alone or in combination with glucosamine HCl
and chondroitin sulfate in arthritic dogs. Twenty dogs divided into 4 groups (n=5)
received daily oral treatment (Group-I, placebo; Group-II, 10 mg UC-II; GroupIII, 2000 mg glucosamine + 1600 mg chondroitin; Group-IV, UC-II + glucosamine + chondroitin) for 120 days, followed by a 30 day withdrawal. On a
monthly basis, dogs were examined for overall pain, pain upon limb manipulation,
and exercise-associated lameness. Serum samples were analyzed for markers of liver
function (bilirubin and ALT) and renal function (BUN and creatinine). Body
weight and temperature were also measured. Dogs in Group-1 exhibited no change
in arthritic conditions. Dogs receiving UC-II alone showed significant reductions
in overall pain within 30 days (33%) and pain upon limb manipulation and exercise-associated lameness after 60 days (66% and 44%, respectively) of treatment.
Maximum reductions in pain were noted after 120 days treatment (overall pain,
62%; pain upon limb manipulation, 91%; and exercise-associated lameness, 78%).

Glucosamine + chondroitin alleviated some pain, but in combination with UC-II
(Group-IV) provided significant reductions in overall pain (57%), pain upon limb
manipulation (53%), and exercise-associated lameness (53%). Following withdrawal of supplements (Group II-IV), all dogs experienced a relapse in pain. None
of the dogs in any groups showed any adverse effects or change in liver or kidney
function markers, body weight or body temperature. These data demonstrate that
daily treatment of arthritic dogs with UC-II alone or in combination with glucosamine + chondroitin markedly alleviates arthritic-associated pain, and these supplements were well-tolerated as no side effects were noted (Supported by
InterHealth Nutraceuticals Inc., Benicia, CA).

1683

SAFETY EVALUATION OF INTRA-ARTICULARLY
INJECTED AMG 108 AND KINERET IN NEW ZEALAND
WHITE RABBIT
A. Ndifor1, A. Nguyen1, T. Sun1, M. Cosenza1, A. LaRochelle2 and J. Pletcher2.
1
Amgen Inc., Thousand Oaks, CA and 2Charles River Laboratories, Worcester, MA.
Interleukin 1 (IL-1) is known to play a significant role in several arthritic disorders.
AMG 108 is a monoclonal antibody that blocks the action of IL-1, and Kineret is a
recombinant IL-1 receptor antagonist (IL-1ra). The safety and tolerability of AMG
108 and Kineret were evaluated in rabbits after intra-articular injections on days 1
and 29. AMG 108 was evaluated at 3 and 10 mg/kg and Kineret at 10 mg/kg. Test
article effects on treated and contralateral joints were evaluated on days 3, 15, 28,
31, and 59. Other parameters evaluated included clinical pathology, and drug levels
in serum and synovial fluid.
AMG 108 and Kineret administered intra-articularly on days 1 and 29 were well
tolerated. Generally, minimal to mild synovial reactions and inflammatory cell infiltrates were noted in all treatment groups, including control rabbits and contralateral non-injected joints, with a slight increase in incidence in the AMG 108 treated
animals. These changes were considered consistent with response to both the injection procedure and the introduction of a foreign protein into the joint. No other
treatment-related change was noted. AMG 108 was quantifiable in synovial fluid in
both the dosed and non-dosed joints, while Kineret was only detectable in the
dosed joint.

1684

THE HEPATIC EFFECTS OF SHORT TERM
DEXAMETHASONE ADMINISTRATION IN RATS
E. R. Jackson, C. Kilroy, L. Correia, B. Parzych, D. Joslin, I. PruimboomBrees, S. Schomaker and D. Amacher. Safety Sciences, Pfizer, Inc., Groton, CT.
Dexamethasone (DEXA) stimulates gluconeogenesis and may augment alanine
aminotransferase (ALT) synthesis. Glucocorticoids have also been associated with
serum ALT elevations. Our aims were to compare the timing of liver vs. serum ALT
activity with the onset of hepatocellular necrosis and to investigate ALT induction.
Groups of 4 male Sprague-Dawley/Crl:CD®(SD) rats were administered DEXA or
corn oil (intraperitoneal injections,50 mg/kg) in a staggered-start study. Single
doses were administered at 12, 16, or 24 hours to study the early effects of DEXA.
Other rats were dosed s.i.d. for 2, 3, or 4 days. All (non-fasted) rats were necropsied
on day 5. Serum biomarkers, liver biomarkers, and pathology endpoints were determined with standard methods. Starting with the 12-hour treatment, DEXA incrementally increased liver tissue ALT activity with significant increases observed in
the 1, 2, 3, and 4-day treatment groups (maximal 3.7-fold). While significant liver
aspartate aminotransferase (AST) activity after DEXA was observed, it never exceeded 1.4-fold over control. Significant hepatic glycogen elevations were observed
after DEXA treatment (16-hours, 1, 2 and 4 days), which were correlated with microscopic observation of glycogen accumulation. Serum ALT, AST, sorbitol dehydrogenase (SDH), and glutamate dehydrogenase (GDH) were appreciably increased after 2,3,and 4 days of DEXA dosing(1.8-10.3-fold). DEXA-related
necropsy findings were pale liver discoloration (3/4 rats at 4 days, 4/4 rats at 3 days,
1/4 rats at 2 days), consistent with glycogen deposition. The relative % liver weight
to body weight was elevated in all DEXA-treated rats. Hepatocellular necrosis was
observed in 3/4 rats at 4 days, 4/4 rats at 3 days, 2/4 rats at 2 days, and 1/4 rats at
12 hours. In summary, DEXA treatment < 48 hours failed to produce consistent evidence of hepatic injury as detected by serum biomarkers and pathology assessment.
However, early DEXA treatment did correlate with ALT induction. Ultimately this
may explain some early asymptomatic serum ALT elevations as seen clinically.
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DEPLETION OF MITOCHONDRIAL DNA IN CARDIAC
AND SKELETAL MUSCLE AFTER IN UTERO EXPOSURE
OF MICE TO AZT AND AZT-CONTAINING
COMBINATION ANTI-RETROVIRAL THERAPIES
M. Myers1, 2, L. Von Tungeln2, F. Beland2, 1 and R. Heflich2, 1. 1University of
Arkansas for Medical Sciences, Little Rock, AR and 2National Center for Toxicological
Research, Jefferson, AR.
Highly active antiretroviral therapy has been used successfully for both HIV treatment in adults and reduction of mother-to-child transmission of HIV. These therapies include one or more nucleoside reverse transcriptase inhibitors [e.g., zidovu-

dine (AZT) and lamivudine (3TC)], and may include a protease inhibitor [e.g.,
nelfinavir (NFV)], or a non-nucleoside reverse transcriptase inhibitor [e.g., nevirapine (NVP)]. Previous studies in both humans and experimental animals reported
severe toxic side effects after perinatal exposure to AZT, the nature of which suggests the mitochondria and mitochondrial DNA as principal cellular targets. In this
study, male C3H/HeNMTV mice were bred to female C57BL/6N mice. Pregnant
C57BL/6N dams were treated by gavage daily on gestational day 12 until parturition with AZT and combinations of AZT, 3TC, NVP, and NFV (CAS No. 3051687-1, 184678-17-4, 159989-64-7 and 129618-40-2; Cipla). On post-natal days
(PNDs) 1, 28, 90, and 180, the B63F1 offspring were euthanized, and cardiac and
leg muscle tissue was collected and subjected to duplicate DNA extractions.
Quantitative real-time PCR was conducted and the relative quantity of mtDNA
was determined. At PND 1, both cardiac and leg muscle from AZT-treated males
and females showed significant dose-dependent decreases (p<0.05) in mtDNA as
compared to the controls. In the leg muscle tissue, mtDNA depletion persisted to
PND 180, suggesting long-term effects of in utero exposure to AZT. Dose-dependent decreases in mtDNA of the leg muscle were also observed with AZT-containing
combination therapies, although it appeared that the combination of these drugs
did not have a compounding effect on the toxicity of AZT alone. These observations indicate that in utero exposure of mice to AZT-containing therapies results in
mitochondrial toxicity. (Supported by the Oak Ridge Institute for Science and
Education, U.S. FDA/NCTR and the NIH/NIEHS)
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EFFECTS OF KETOCONAZOLE ON MULTIDRUG
RESISTANT-MEDIATED TRANSPORT IN CACO-2 AND
MDCKII-MDR1 DRUG TRANSPORT MODELS

Y. Fan1 and R. R. Proteau1, 2. 1Pharmaceutical Sciences, Oregon State University,
Corvallis, OR and 2Enviromental and Molecular Toxicology, Oregon State University,
Corvallis, OR.
Ketoconazole (KT) is an imidazole antifungal oral agent that is used to treat systemic fungal infections which often occur in patients undergoing radiation,
chemotherapy, or other immunocompromised hosts. It is also used in co-treatment
with cyclosporin A (CSA) to increase plasma concentration of CSA. The hypothesis tested was that KT can modulate P-glycoprotein (P-gp), thereby, altering the
bioavailability of drugs that are substrates of P-gp, such as CSA and digoxin. 3HCSA/3H-digoxin transport experiments were performed with and without co-exposure of KT. KT modulates the Pe of CSA and digoxin across the Caco-2 and
MDCKII-MDR1 transport models. The celluar uptake and permeability (Pe) of
KT can be modulated by flavonoids like (-)-epigallocatechin-3-gallate (EGCG) and
xanthohumol (XN) across the Caco-2 intestinal cell transport model. The celluar
uptake of KT also was modulated by EGCG and XN in the MDCKII-MDR1 cells.
KT (10 µM) reduced the efflux of CSA from 5.07 x 10-6 ± 2.44 x 10-7 cm/sec to
2.95 x 10-6 ± 3.99 x 10-7 cm/sec and reduced the efflux of digoxin from 7.15 x 107 ± 4.22 x 10-8 cm/sec to 1.96 x 10-6 ± 3.97 x 10-7 cm/sec. The efflux of KT is reduced by 30 µM XN and EGCG (from 19.31 x 10-6 ± 2.47 x 10-6 cm/sec to
12.37 x 10-6 ± 2.41 x 10-6 cm/sec and 7.35 x 10-6 ± 1.54 x 10-6 cm/sec for XN
and EGCG, respectively) in the Caco-2 cells which indicates that KT may have
similar transporters involved in the transport of EGCG and XN. In the calcein-AM
(P-gp substrate) assay study, KT displayed increased level of calcein by 118.9% increase. The uptake study of 3H-KT with CSA/digoxin in Caco-2 and MDCKIIMDR1 cells suggests that there may be other transporters involved in the transport
of KT. In conclusion, KT appears modulate P-gp. This work was supported by
NCCAM AT00853 grant.
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EVALUATION OF THE ANTIMICROBIAL AND
ANTIFUNGAL PROPERTIES OF EBSELEN

G. Chan, D. Hardej and B. Billack. Department of Pharmaceutical Sciences, St.
John’s University, Queens, NY.
Ebselen (2-phenyl-1,2-benzisoselenazol-3(2H)-one) is a selenium-containing antioxidant that has anti-inflammatory and cytoprotective properties in mammalian
cells. The nonselective inhibition of cyclooxygenases and glutathione peroxidase
mimetic action exhibited by ebselen contribute to its cytoprotective effects. In
lower organisms, ebselen has been reported to be cytotoxic. Although the mechanism of its cytotoxicity towards some viruses, bacteria and fungi remains unclear, it
has recently been proposed that the plasma membrane H+/ATPase, a P-type
ATPase, could serve as a potential target of ebselen toxicity in lower organisms. The
purpose of our studies was to better characterize the mechanism of ebselen toxicity
in bacteria and fungi and to examine the effect of this compound on the
H+/ATPase. We found that ebselen inhibited the growth of bacteria and yeast cells
in a concentration-dependent manner. Whereas the IC50 for ebselen in the nonpathogenic Saccharomyces cerevisiae strains AH109, Y187 and CG1945 was found
to be ~3.5 microM, this value was ~42 microM in Escherichia coli strain DH5α. In
all growth experiments, bacterial and fungal growth was assessed after 24 hours of
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treatment using optical density measurements at 550 and 600 nm, respectively.
Scanning electron microscopy (SEM) revealed that ebselen-treated AH109 yeast
cells exhibited disrupted cell morphology compared to vehicle-treated yeast cells. A
medium acidification assay by whole AH109 cells was also performed to assess the
effect of ebselen on the plasma membrane H+/ATPase pump. We found that the
proton efflux activity in AH109 cells was reduced by ebselen in a concentration-dependent manner. Taken together, our data indicate that ebselen is toxic to both bacteria and yeast. Furthermore, the fungicidal action of ebselen appears to be mediated, at least in part, by inhibition of the plasma membrane H+/ATPase. Based on
our data, we also propose that inhibitors of this P-type ATPase will be fungicidal.
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EVALUATION OF PLURONIC®F127-BASED VEHICLES
FOR DRUG DELIVERY BY ASSESSING STIMULATION
AND INHIBITION OF HEMATOPOIETIC PROGENITOR
PROLIFERATION WITH IN VITRO COLONY ASSAYS

J. M. Blonder1, W. Schauer1, A. Samaniego1, J. Damen2, E. Clarke2 and G. J.
Rosenthal1. 1RxKinetix, Louisville, CO and 2StemCell Technologies, Vancouver, BC,
Canada.
Pluronic®F127-based vehicles (F127) form gels at body temperature making them
useful for sustained drug delivery. Formulation of the hematopoietic growth factor,
granulocyte colony stimulating factor (G-CSF), within F127 improves the PK and
efficacy of G-CSF in animal models. This study further evaluated the utility of
F127 for G-CSF delivery by examining its ability to either stimulate or inhibit
hematopoiesis in vitro. G-CSF was formulated in the F127-based vehicles, F1 and
F2, and added to cultures of human bone marrow cells. Stimulatory activity of F1
and F2 was measured by assessing colony formation of granulocyte specific progenitor cells in the absence of additional cytokines/growth factors. Potential inhibitory
activity of F1 and F2 was measured by assessing colony formation of erythroid and
myeloid progenitor cells cultured under optimal conditions, i.e., in the presence of
additional cytokines/growth factors. The effects of G-CSF in F1 and F2 were compared to marketed G-CSF, reference G-CSF, vehicle controls, and an untreated control. In the stimulatory assay, G-CSF (0.01 – 50 ng/mL) in F1 or F2 exhibited similar dose-dependent effects on myeloid progenitor proliferation (formation of the
granulocyte colonies CFU-G) when compared to marketed and reference G-CSF.
In the inhibitory assay, G-CSF in F1 or F2 did not inhibit erythroid or myeloid
progenitor proliferation; colony formation from erythroid and myeloid progenitors
was not altered by F1 and F2 and was comparable to control. F1 and F2 vehicles
were not inert as they induced morphological changes (clumping) of myeloid cells.
This effect was avoided at higher dilutions and possibly indicative of enhanced
myeloid proliferation in these in vitro systems. These results demonstrate that the
F127 vehicles provide a bioequivalent G-CSF when compared to marketed products, and are without significant adverse effect on human bone marrow erythroid
and myeloid cell hematopoiesis.
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DIETARY SUBCHRONIC TOXICITY AND TERATOLOGY
STUDIES AVICEL CL-611® IN SPRAGUE-DAWLEY RATS

D. Nuber1, C. Freeman2 and M. Weiner1. 1FMC Corporation, Princeton, NJ and
2
Formerly of FMC Corporation, Princeton, NJ.
Microcrystalline cellulose and sodium carboxymethyl cellulose, the ingredients in
Avicel CL-611® (ACL), are widely used as excipients, enhancing the delivery of
drugs in pill form. The subchronic toxicity and potential teratogenicity of Avicel
CL-611® were evaluated in male and female Sprague-Dawley (SD) rats to complete its safety profile.
Subchronic Study: Groups of SD rats (20/sex/group) consumed 0 (control),
25,000 ppm (1767 mg/kg in males and 2229 mg/kg in females) or 50,000 ppm
(3666 mg/kg in males and 4528 in females) of ACL in diet for 90 days. Clinical
signs were recorded daily while body weights and food consumption were recorded
weekly. No treatment-related deaths or clinical signs were noted. Treated animals
exhibited decreased body weights and body weight gains at the high dose; however
food consumption was not affected. The body weight effects observed were attributed to the lower caloric density of the diet (e.g., high fiber content relative to control diets).
Teratology Study:Groups of pregnant female SD rats (25 per group) were administered ACL in the diet at 0, 25,000 ppm (2207 mg/kg) or 50,000 ppm (4584
mg/kg) on days 6 through 15 of gestation. Following cesarean sections on gestation
day-20, uteri and ovaries were examined for the number and distribution of implantations sites, early and late fetal resorptions, fetal mortality, and number of corpora lutea. Gross examination of the fetuses was performed. Maternal body weights
and body weight gains in treatment groups were similar to controls; however food
consumption was significantly increased in the 50,000-ppm treatment group due
to lower caloric density in that diet in conjunction with the increased energy demands of pregnancy. No treatment related deaths or clinical signs were noted.
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Results: Dietary exposure to ACL at levels up to and including 50,000 ppm produced no adverse effects in dams or fetuses in a developmental study or when rats
were fed for 90 days.

1690

REPEATED SUBCUTANEOUS DOSE TOXICITY STUDY
OF DM401 IN MICE

W. S. Koh1, W. H. Choi1, Y. B. Kim1, C. S. Ha1, H. Lee2, Y. D. Kwon3, O.
M. Choi3, K. A. Cheong3 and Y. J. Lee3. 1Korea Institute of Toxicology, Daejeon,
South Korea, 2Samsung Medical Center, Seoul, South Korea and 3MEDIPOST,
Seoul, South Korea.
DM401, dendritic cells pulsed with lysate of melanoma cell Clone M3, was subcutaneously administered once a week 8 times to C57BL/6 mice at dose levels of 0,
2.5, 5, and 10 X 107 cells/kg to study general and immunotoxicity. No changes attributable to the administration were observed in clinical signs, food and water consumption, ophthalmologic examination and urinalysis. The administration induced a slight increase in WBC and a slight decrease in A/G ratio, a slight increase
in TP level, an increase in absolute organ weight of spleen. Meanwhile, DM401
had no effect on the NK cell activity and the percentage of lymphocyte sub-populations. Histopathological examinations revealed infiltration of inflammatory cells
in lung, mainly in small pulmonary artery in which the tunica media gets thick,
and in pulmonary alveoli and alveolar space in some animals. Thickening of tunica
media of small pulmonary artery was observed in all dose groups of both males and
females. In addition, inflammation and fibrosis was observed in subcutis of the test
substance-application site. Taken together, the target organ of DM401 is considered to be the lung, and most changes including findings in the lung are considered
to be resulted from the immune function of the test substance, dendritic cells.
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SYSTEMIC EFFECT OF VACUUM-ASSISTED CLOSURE
(V.A.C.®) THERAPY FOR 8 DAYS IN SWINE WITH
CUTANEOUS WOUNDS

K. C. Norbury1, M. Piacente2, R. Zirl3, B. Stouch1 and K. Kieswetter1. 1Kinetic
Concepts, Inc., San Antonio, TX, 2Biological Test Center, Irvine, CA and 3Tejas
Pathology, Tomball, TX.
Ten Yorkshire swine were used to determine if V.A.C.® Therapy causes systemic effects. Each animal received two full thickness excisional wounds on the dorsum.
Control animals (n=4; Group 1 [CC]) were treated with a hydrocolloid dressing (8
sites). Test animals (n=6; Group 2) were treated with hydrocolloid dressing at one
site (EC), while the remaining site received V.A.C.® Therapy (V.A.C.®), which
consisted of a polyurethane foam dressing and 125 mm Hg of continuous negative
pressure. All dressings were changed at 12, 36, 84, and 132 hours post-wounding.
The animals were necropsied after 180 hours. Blood taken at pretest and these same
timepoints were analyzed for serum biochemistry and hematology. Serum, tissue
biopsies, and wound fluid were also obtained for cytokine analyses using ELISA.
The results showed a reduction in wound area at 84, 132, and 180 hours postwounding with V.A.C.® (p<0.05) compared to CC (range = 20-27%) and EC (1124%). A transient decrease in the number of circulating monocytes and neutrophils
in Group 2 compared to Group 1 was observed at 36 and 84 hr post wounding, respectively (p<0.05). Lower levels of IFN-γ were seen in serum at 12 and 36 hours,
for IL-6 at 36 hours, and for FGF-β at 36 hours, 84, and 132 hours in the test
group compared to the control group (p<0.05). Analyses of wound fluid revealed
decreases in IL-8 at 12 hours and in TGF-β at 132 and 180 hours post-wounding
in V.A.C.® sites relative to EC sites (p<0.05). No microscopic differences in liver,
bone marrow, or lymph nodes were seen between the groups, nor in wound tissue
from V.A.C.® sites compared to both control sites. The results demonstrate that
V.A.C.® Therapy did not cause any adverse effects when applied to acute full thickness wounds in young, healthy swine during the entire granulation phase, and may
attenuate the post wound pro-inflammatory response. Immune function testing is
in progress.
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INVESTIGATION OF THE HEPATOTOXICITY OF
USNIC ACID USING A COMPENDIUM OF RAT LIVER
GENE EXPRESSION PROFILES

P. D. Cornwell1, A. T. De Souza1, G. Slatter1, J. C. Rockett1, M. J. Caguyong1,
O. Cheng2, X. Dai2, Y. D. He2 and R. G. Ulrich1. 1Preclinical Molecular
Profiling, Rosetta Inpharmatics LLC (a wholly owned subsidiary of Merck & Co. Inc.),
Seattle, WA and 2Bioinformatics, Rosetta Inpharmatics LLC (a wholly owned
subsidiary of Merck & Co. Inc.), Seattle, WA.
Usnic acid, a compound derived from lichen that is used in several nutraceuticals,
has been reported to cause liver damage and is suspected to cause skeletal muscle
damage through a mechanism involving mitochondrial dysfunction. In this study,
we used classical toxicology techniques combined with gene expression profiling
and comparison to a compendium of expression profiles induced by various hepa-

totoxins and non-hepatotoxins to investigate the toxicity of usnic acid. SpragueDawley rats were treated daily by oral gavage with 10, 50, 100, 200 or 400 mg/kg
(mkd) usnic acid for three or seven days. The dose-response curve for usnic acid was
found to be quite steep in these studies, producing death in all rats at 200 mkd and
higher before seven days of treatment while all animals survived to day seven at 100
mkd and lower. Comparison of the hepatic gene expression profiles of rats treated
with usnic acid using a set of sequences identified as modulated by compounds in
several different hepatotoxicity classes indicated that usnic acid is a mitochondrial
toxin at the 200 and 400 mkd dose levels (day three data) while its profile is relatively uninformative at lower doses by this approach. Using a set of sequences modulated by usnic acid at each dose level suggested that usnic acid is a mitochondrial
inhibitor even at lower doses (10 and 50 mkd) even though these doses were not
overtly hepatotoxic within the study time course. Our findings are consistent with
literature reports indicating that usnic acid interferes with mitochondrial function
and supports the predictive value of the compendium approach to toxicogenomics.
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EFFECTS OF HERBA AGRIMONIA ON CHEMICALINDUCED LIVER TUMOR IN RATS
J. W. Ho and J. Song. Biochemistry, The Chinese University of Hong Kong, HK,
Hong Kong.
Herba agrimonia is known to have different pharmacological activities. The present
study reports the biologic activity of herba agrimonia (HA) on chemical-induced
liver tumor in rats. Hepatocellular carcinoma (HCC) was induced by diethylnitrosamine (DEN) and promoted by carbon tetrachloride (CCl4) in the rat for six
months before treatment with the dichloromethane extract of herba agrimonia.
Two biomarkers, liver glutathione S-transferase placenta (GST-P) positive foci and
the level of urinary modified nucleosides from RNA were measured to study the
development of HCC in both the control and treated rats. The results showed that
levels of GST-P positive foci and urinary modified nucleosides were reduced after
HA treatment. Histological analysis of liver section showed that the conditions of
rat liver were improved after treatment with HA. The findings suggest that HA has
considerable therapeutic benefits to rats with HCC. The dichloromethane extraction of HA contained the active fraction, which needs to be further purified to isolate the active constituents of HA for testing. Findings from the present study may
provide insights into the development of pharmaceutical agents for treating HCC.
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NON-INVASIVE ASSESSMENT OF PULMONARY
DISORDER USING COMPUTED TOMOGRAPHY (CT)IMAGING IN A NON-HUMAN PRIMATE
N. Horai1, T. Bando1, H. Kasai1, S. Nagayama1, H. Tokado1, K. Fukuzaki1, K.
Abeyama2 and R. Nagata1. 1Shin Nippon Biomedical Laboratories, LTD.,
Kagoshima, Japan and 2Department of Preventive Medicine, Kagoshima University
Graduated School of Medicine and Dental Science, Kagoshima, Japan.
In preclinical toxicological studies, drug-mediated lung toxicity is mainly assessed
by necropsy and histopathology. In this context, we investigated the diagnostic
value of computed tomography (CT) imaging technique for application to sequential monitoring of lung injury in cynomolgus monkeys. To this end, using an intrabronchial saline injection model (i.e., a model for alveolar pneumonia) and an oleic
acid (OA)-induced pulmonary edema model (i.e., a model for interstitial pneumonia), the detectability of lesions by CT imaging and the correlation between the
pathological features and CT findings were evaluated. In the study of the OA
model, 18 male cynomolgus monkeys (Control group: N=9, OA group: N=9) were
used, and oleic acid at 0.08 mg/kg was intravenously administered. In the OA
model, chronological changes in blood gas (pH, pO2, pCO2, HCO3-), ASAT,
ALAT, and LDH activities, total protein and albumin concentrations, and cell typing in bronchoalveolar lavage fluid (BALF), and CT image were monitored 2 weeks
after dosing. Pale oral mucosa and/or gasping were observed in 2 of 8 oleic acidtreated animals. In BALF, a biphasic increase in leukocyte count (neutrophils,
macrophages) was noted 4 hours and 3-14 days after dosing, and marked increases
in ASAT, ALAT, and LDH activities were noted from 4 hours. In blood gas, a
marked decrease in pO2 was noted from the day of dosing; however, no change was
noted in other parameters. Comparing pathological features and CT findings, most
pathological lesions (hemorrhagic change and edema) could characteristically be
detected and/or predicted by “non-invasive” CT imaging. From these results, we
concluded that CT imaging is a powerful method (i.e. diagnostic value, safety, and
cost-time efficiency), for monitoring pulmonary complications such as pulmonary
edema in preclinical toxicological studies using cynomolgus monkeys.
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THE ASSESSMENT OF RESPIRATORY PARAMETERS IN
DOGS USING A NON–INVASIVE SPIROMETRY SYSTEM
H. Campbell, D. Poulin, A. Viau and C. Banks. Toxicology, Charles River
Laboratories Preclinical Montréal, Senneville, QC, Canada.
Respiratory minute volume (RMV) is an important factor in the estimation of test
article exposure in inhalation toxicology studies. As some compounds subjected to
inhalation toxicology testing have been observed to have effects on respiratory pa-

rameters such as respiratory rate, tidal volume, and thus RMV, it would be more
relevant to assess these parameters during inhalation dosing. To this end, a non-invasive spirometry (NIS) system has been developed (in collaboration with SCIREQ
Scientific Respiratory Equipment Inc.). Using signals transmitted from elasticized
abdominal and chest bands (calibrated against air flow), animals can be continuously monitored without the use of a mask. The flexibility of this new platform allows for the animals to be monitored while being dosed via the inhalation route,
and it also provides the opportunity for data to be collected over longer periods of
time than was previously tolerated by the animals using a mask system. Respiratory
parameters (including RMV) were measured continuously for 15 minutes in 4 unrestrained beagle dogs (Mean body weight = 9.8 kg) simultaneously with the use of
the NIS system. Mean RMV values obtained using the NIS system (5.99 L/min)
were comparable to values that had been aquired previously with the use of a conventional pneumotachograph-mask system (6.94 L/min). Additionally, the NIS
system could be used to characterize breathing dynamics as it provides chest and abdominal expansion data, which may be useful in cases where investigators may expect to observe such previously-described phenomena as “paradoxical breathing”.
In view of the aforementioned characteristics of this NIS system,it provides an opportunity to circumvent previous limitations (imposed by route of data collection,
and animal tolerance) to the assessment of respiratory parameters in dogs during
dosing via the inhalation route.
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MEASUREMENT AND PREDICTION OF JUVENILE
BEAGLE RESPIRATORY PARAMETERS FOR USE IN
INHALATION DOSIMETRY ESTIMATES

J. Weinberg and D. T. Kirkpatrick. WIL Research Laboratories, LLC, Ashland, OH.
Many toxicology study designs are based on direct dosing of adult animals to provide data for human risk assessment. This practice provides inadequate safety for
the pediatric population because children may be more sensitive to drug or chemical exposures than adults. One way to address this concern is to conduct safety assessments designed to target specific periods of development in juvenile animals following direct exposure. Manual measurement of respiratory parameters in juvenile
animals can be difficult and time consuming. The use of personal computers and
analog-to-digital hardware has decreased the effort required and increased the reliability and repeatability of these measurements. Our laboratory uses the LDS Test
and Measurement PONEMAH® Physiology Platform for measurement of biological signals in a variety of species, including dogs. In the current study, tidal and
minute volumes of 20 juvenile beagles were measured to obtain predictive respiratory data and to evaluate the performance of the PONEMAH® Physiology
Platform. Baseline physical and respiratory parameters were measured in juvenile
beagle dogs at regular intervals over a 10 week period from 3-13 weeks of age. Tidal
volume, minute volume and body mass ranged from 4.7-93.4 mL, 217-4638
mL/minute and 0.42-5.08 kg, respectively. This data was used to prepare predictive
nomographs similar to those of Stahl (1967). Tidal volume and minute volume
were regressed against body mass using a power regression function (Y=aXb). For
tidal volume and minute volume, a and b constants of 7.69 and 1.04, and 379 and
0.80, respectively, were reported by Stahl. Our results demonstrate that tidal and
minute volumes can be predicted using a power function with a and b constants of
9.36 and 1.44, and 565 and 1.34, respectively. These data also show that the
PONEMAH® system can be used to measure respiratory parameters in young beagles. This predictive data will be useful for estimation of inhaled dose in juvenile
and adult pharmaceutical safety assessment studies.
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THREE MINUTE INHALATION OF METHACHOLINE
BY B6C3F1 OR BALB/C FEMALE MICE PRODUCES NO
CHANGE IN PRESSURE DROP ACROSS THE ISOLATED
UPPER RESPIRATORY TRACT

O. R. Moss and E. W. Tewksbury. Computational Biology, CIIT Centers for Health
Resesrch, Research Triangle Park, NC.
Our previous research with B6C3F1 and Balb/c mice exposed to aerosolized
methacholine demonstrated that the Balb/c was 14× more responsive based on the
concentration of methacholine in the solution used to produce the inhaled aerosol.
The 14× difference in exposure disappeared when airway morphometric measurements were matched first, with calculations of the deposited mass of methacholine,
and second with considerations of the physiology of airway constriction and pressure drop. A central assumption in this dosimetry analysis was that all of the observed change in pressure drop was associated with change in resistance to flow in
the pulmonary region; not in the upper airways or in the nasal passages. In order to
test this assumption, we conducted isolated upper respiratory tract studies in female
B6C3F1 and Balb/c mice. Tracheal surgery was performed on female B6C3F1 and
Balb/c mice to isolate airflow through the nasal cavity. Steady airflow through the
nose matched twice the minute ventilation of the animal. While each mouse was
under anesthesia the change in pressure drop across the nose was measured during
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three minute exposures to methacholine. The methacholine aerosol was generated
from liquids whose methacholine concentrations had been previously demonstrated to induce a 200% increase in airway resistance; 320 mg/ml for the B6C3F1
mouse and of 20 mg/ml for the Balb/c mouse. As predicted, during repeated threeminute exposures to methacholine there was no increase in pressure drop across the
nasal airways of either the B6C3F1 or the Balb/c mouse. During the three minutes
of exposure there was a 2% or less decrease in pressure drop. These findings indicate
that apparent differences in hyperresponsiveness between B6C3F1 and Balb/c mice
can be explained by differences in pulmonary morphology.

1698

PARTICLE DEPOSITION IN SPONTANEOUSLY
HYPERTENSIVE (SH) RATS EXPOSED VIA WHOLE-BODY
INHALATION: MEASURED VS. ESTIMATED DOSE

L. B. Wichers1, W. H. Rowan2, J. P. Nolan2, A. D. Ledbetter2, J. K. McGee2,
D. L. Costa2 and W. P. Watkinson2. 1Environmental Sciences and Engineering,
University of North Carolina, Chapel Hill, NC and 2ORD/NHEERL/ETD/PTB,
USEPA, Research Triangle Park, NC.
It has been well documented by epidemiological studies that exposure to elevated
levels of ambient particulate matter (PM) can lead to adverse health outcomes, including cardiopulmonary-related morbidity and mortality. As a result of these findings, many animal toxicological studies have been undertaken to attempt to mimic
these cardiovascular and respiratory responses. However, it is difficult to assess the
quantity of PM reaching the lungs of rodents following inhalation exposures, thus
making dose-to-effect linkages problematic. To address this need, SH rats were exposed to an oil combustion-derived PM (HP12) via inhalation while maintained in
whole-body plethysmograph chambers, such that pulmonary function data were
collected during exposure. Rats (n=16) were exposed for 6 hr/d to air (n=2/group)
or 13 mg/m3 HP12 (n=6/group) for 1 or 4 days; immediately following the last exposure, rats were sacrificed and their tracheas and lung lobes were harvested for
neutron activation analysis. Total deposition ranged from 20–60 µg to 89–139 µg
for 1- and 4-day exposures, respectively. Deposition data were compared to default
and rat-specific estimates provided by the Multiple Path Particle Deposition
(MPPD) model; correlations between measured and estimated lung lobe depositions ranged from 0.715–0.902, with rat-specific inputs providing approximations
closest to those measured (R2=0.81). The results of this study provide actual deposition data for whole-body inhalation exposure to PM, allowing comparisons of estimated and measured particle doses and patterns as a way of validating the MPPD
model. This work should improve the ability of risk assessors to extrapolate rat-tohuman exposure concentrations following known lung burdens, thus elucidating
the associations between inhaled doses and toxicological effects. (Abstract does not
represent EPA policy. This research was supported by EPA CT826513.)
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RABBIT EMBRYO-FOETAL INHALATION STUDIES MAXIMISING OF DOSING POTENTIAL

S. A. Moore and C. J. Hardy. Inhalation Toxicology, Huntingdon Life Sciences
LTD., Huntingdon, United Kingdom.
The standard embryo-foetal study design uses rabbits of 4 groups, each containing
22 pregnant animals. However, the maximum number of rabbits that we could
dose simultaneously by inhalation was 12. Delivery and exposure of the pre-mated
rabbits was therefore accomplished in 6 batches of 16 animals resulting in total
study duration of 52 days. Therefore, we investigated whether this period could be
reduced. The design of a standard snout-only exposure chamber consisting of a 5
chamber levels (dosing on alternate levels due to the rabbits size), with base and top
sections was revised to 4 chamber (and dosing) levels and smaller size inter-ring
spacers. This was to maximise the number of animals on the chamber that could be
dosed simultaneously (22 rabbits) without compromising on the height of the
chamber. Results obtained during preliminary investigations without animals gave
gravimetric and analytical chamber concentration coefficients of variation of between 12 and 2%. Results obtained during the animal exposures gave aerosol concentrations of similar value when compared with the preliminary investigations.
However, the coefficients of variations for all 4 dose groups had increased, which is
probably a consequence of the rebreathing of test material by the animals into the
exposure chamber. This data was then compared against data using the previous exposure chamber design and gave comparable results. In conclusion, modification of
the standard flow-through chamber design to accommodate a maximum of 22 rabbits simultaneously has resulted in reduction of the overall study duration from 52
to 31 days (including gestation). This has resulted in 4 rather than 6 animal batches
and eliminated the 3 week gap, reducing the total number of exposures from 30 to
16. In addition, there has been a significant reduction in test article requirement together with an earlier production of a study report without compromising study
parameters.
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A REFINED METHOD OF RESTRAINT FOR DOGS
USED IN INHALATION STUDIES

M. M. Hussain, A. C. Leach and C. J. Hardy. Inhalation Toxicology, Huntingdon
Life Sciences LTD., Huntingdon, United Kingdom.
Our historic method of sling restraint had become dated and offered limited flexibility for dogs of varying sizes, shapes and ages. More importantly for long periods
of restraint, as is often required on inhalation studies, it did not allow them to fully
recline or relax.
Described is a new and improved method of restraint that can be used for dogs during inhalation studies, which allows them to lie down and relax whilst being exposed. This results in a reduction in stress and is a refinement in animal welfare.
Our historic method of restraint involved placement of the dog in a sling or hammock with four holes for the limbs, supported by a metal frame. The dog was
placed in ventral recumbency in the hammock. It has been our experience that this
form of restraint requires a significant amount of training as a result of its restrictive
nature and in some cases individual dogs will not accept this type of restraint sufficiently for dosing procedures to take place. Additionally, this method of restraint
places undue pressure on the ventral surface, which can affect the breathing pattern
of the dog and cause it undue stress, especially during extended periods of use.
Our improved method of restraint involves the placement of the dog in a simple
and snug body harness. The harness is fastened to a lead which is attached to a
metal pole on the exposure bench and gives the animals a full range of movement
enabling acceptance of the exposure system procedure whilst allowing them to interact with other dogs being exposed.
The results of a study to examine the cardiovascular parameters in the conscious
dog using our refined method during exposure of dogs via oronasal inhalation to air
showed that this new method of restraint does not appear to affect the heart rate of
conscious dogs.
In conclusion, the refined method of restraint allows the animals to have a full
range of movements even allowing them to relax and lay down whilst being exposed. As a result the animals are less stressed and are therefore more amenable to
being dosed via the inhalation route.
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SATURATION OF AIRWAY EPITHELIUM AFTER
MODERATE EXPOSURES TO LIPOPHILIC
CARCINOGENS: ONE CULPRIT BEHIND NEGATIVE
INHALATION EXPOSURES IN LABORATORY ANIMALS?

P. Gerde. NIEM, Karolinska Institutet, Stockholm, Sweden.
Many xenobiotic agents, including ionizing radiation, have either a no-effectthreshold or even a beneficial effect on the organism at low exposure levels (hormesis). Another deviation from a linear dose-response is the well-known proliferative
effect of many genotoxicants at high exposure levels, giving risk ratios above linearity. Few mechanisms have been presented to explain risk ratios above linearity at
low exposure levels, leading to an underestimation of risk at levels to which human
are exposed. Yet, one of the most obvious inconsistencies in risk assessment is the
utmost difficulty by which lung cancer can be induced in laboratory animals using
genotoxic inhalants such as tobacco smoke. Most inhalation studies in animals have
failed to induce lung cancer at cumulative exposures even much higher than in humans. Previous studies have indicated that highly lipophilic inhalants such as the
polycyclic aromatic hydrocarbons (PAHs) reach high local concentrations in airway
epithelium already at low exposure levels and are subject to intense local metabolism with concomitant activation to reactive species. However, a recent study have
shown that a rat lung will begin to saturate with benzo(a)pyrene (BaP) at acute inhalation exposures of just 30-40 ng (To be published). Exposures exceeding these
amounts will saturate the extracellular lining layer and the airway epithelium below.
Saturation decreases the fraction of metabolites produced in the epithelium from
locally deposited procarcinogens. The likely overall result is a decreasing amount of
genotoxic damage induced per additional exposure unit in airway epithelium,
which could explain a risk ratio above linearity at the low exposure levels. Low-level
exposures to inhaled carcinogens for decades may be much more potent in inducing lung cancer than high-level exposures in laboratory animals for shorter time periods. (Supported by the Swedish Council for Working Life and Social Research
and the Swedish Agency for Innovation Systems).
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ELECTROSTATIC PRECIPITATION AS AN
ALTERNATIVE METHOD FOR IN VITRO EXPOSURES
TO MIXTURES OF GASES AND PARTICLES

K. de Bruijne1, S. Lake1, K. G. Sexton1, M. Doyle1, S. Ebersviller1, H. Jeffries1,
D. Leith1 and I. Jaspers2, 1. 1ENVR, UNC-CH, Chapel Hill, NC and 2CEMALB,
UNC-CH, Chapel Hill, NC.
There is an increasing interest in examining complex urban air pollution mixtures
that include both particulate and gaseous components. Conventional methodologies are unable to expose lung cells in vitro simultaneously to both particulate and

gaseous pollutants that are being formed in the ambient air. Therefore, a new
method for collection of such mixtures, using electrostatic precipitation, was developed and tested with diesel exhaust (DE). A TSI model 3100 Electrostatic Aerosol
Sampler (EAS) was modified to improve the deposition of particles onto respiratory
epithelial cells grown on membranes. DE was collected from a 1980 MercedesBenz model 300SD, using commercially available diesel fuel, and diluted with
room air to a particle volume concentration of approximately 3.0x10^12
nm3/cm3. The particle concentration and size distribution both entering and exiting the EAS were monitored and counted in the range of 13.81 nm to 673 nm.
After exposure of respiratory epithelial cells to DE, cells were analyzed for particle
deposition and cytotoxicity. The EAS achieved an average collection efficiency of
97% for all particles in the measured size range, which returned to 2% once the
EAS was turned off. Cells exposed to the EAS system alone or DE without the EAS
showed minimal cytotoxicity and release of IL-8 that was indistinguishable from
the incubator controls. However, cells exposed to DE with the EAS turned on produced a threefold increase in LDH and IL-8 release relative to the control. Overall,
we were able to directly expose respiratory epithelial cells to DE particles without
prior collection in a separate medium, avoiding the possibility of significantly altering the particles’ characteristics. These results suggest that the EAS system can be
used to determine the full toxic potential of both gaseous and particulate components of air pollution mixtures, while also distinguishing the adverse effects of each
component separately.
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DEVELOPMENT OF NOVEL DIESEL EXHAUST
PARTICLE AEROSOL GENERATION AND DEPOSITION
METHODS FOR IN VITRO TOXICOLOGY STUDIES
D. Cooney1 and A. J. Hickey2, 1. 1Biomedical Engineering, University of North
Carolina, Chapel Hill, NC and 2School of Pharmacy, University of North Carolina,
Chapel Hill, NC.
The prevalent methodology for conducting in vitro cell culture diesel exhaust particle (DEP) toxicology studies does not accurately model in vivo DEP toxicology.
The development of a method to re-generate DEP as an aerosol for delivery to cultured cells quickly and easily in a typical laboratory environment would be novel
and of importance to inhalation toxicology. Several methods were used to aerosolize
DEP from a filter-captured bulk source at high pressure. Compressed air was used
to expel particles from a powder bed and a propellant suspension was used to deliver particles from a modified metered dose inhaler. Both of these methods produced an aerosol with a significant percentage of particles <5 µm. A sampling device was built that delivers aerosol particles to 4 identical 6.5 mm permeable cell
culture membranes simultaneously by inertial impaction. Membrane deposition efficiency was estimated by monitoring the aerodynamic diameter of particles at the
device outlet. Deposition on the total sampling surface was 6.5±7.3, 35.6±4.8,
25.6±4.2, and 7.6±1.6 % of emitted particles in the 0.5-1.1, 1.1-1.9, 1.9-3.2, and
3.2-4.5 µm size ranges respectively. Particles <0.5 µm did not deposit and particles
>4.5 µm did not reach the sampling surface. These methods allowed DEP doses in
the range of 0-500 µg/cm2 to be delivered in 10 seconds to Calu-3 and
16HBE14o- cells without apparent cell damage. The release of inflammatory mediators in response to this exposure is being monitored for comparison with that reported in the literature. This approach will facilitate the performance of in vitro
toxicology studies with physiologically relevant DEP aerosols that may lead to a
better understanding of their involvement in cardiopulmonary disease pathogenesis. (This abstract does not reflect EPA policy. Support in part: EPA/UNC
Toxicology Research Program, Training Agreement T829472, with Curriculum in
Toxicology, UNC-CH).
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INTRATRACHEAL INSTILLATION OF BLEOMYCIN TO
CONSCIOUS MICE VIA TRACHEOTOMY TUBE
H. Goto1, T. Senba1, H. Ueda1, Y. Shimomura1, N. Ishiharada1, T. Tahara1, N.
Takahashi1, K. Morishita1 and L. L. Lanning2. 1Otsuka Pharmaceutical Co., LTD.,
Tokushima, Japan and 2Otsuka Maryland Research Institute, Rockvill, MD.
In rodents, a single intratracheal instillation of bleomycin under general anesthesia
is typically used to create the animal model of pulmonary fibrosis, but the extent
and severity of pulmonary damage varies considerably depending on the distribution of the drug solution in the lung. Therefore, it is difficult to produce a diffuse
and homogeneous change. We established and previously reported a new method
for preparing the diffuse pulmonary changes with intratracheal instillation of
bleomycin in rats using a tracheotomy tube. The present experiments were designed to establish the same model in mice. Male ICR mice were anesthetized, and
the tracheotomy tube was inserted through a pinhole created between the tracheal
rings. The tracheotomy tube consisted of a teflon tube (ID 0.15mm, OD 0.3mm)
(which was the portion inserted into the trachea) and a silicon tube (ID 0.3mm,
OD 0.7mm). Bleomycin was administered to the mice via the tube either 2 or 4
times in one day. The mice were kept in a standing position without anesthesia, and
were gradually and bilaterally tilted. In the first experiment, the mice received the
bleomycin at doses of 0, 0.03, and 0.06 mg/mouse, and the tracheotomy tube was

allowed to remain even after end of the dosing. During the 2-week observation period, one-half of the mice, including those from the control group, died from suffocation resulting from excess granulation tissue in the trachea which was thought
to be due to the presence of the tube. In the second experiment, the tracheotomy
tube was inserted as in the first experiment, but it was not completely fixed. One
day after the instillation of belomycin to 8 males at 0.12mg/mouse, the tube was removed from the trachea. No mortality was observed in these mice and at 4 weeks
after the instillation, the mice showed diffuse interstitial pneumonitis. In conclusion, the intratracheal instillation of bleomycin in mice using a tracheotomy tube
may be a useful for inducing diffuse pulmonary changes.

1705

A HIGHLY SENSITIVE AND ROBUST METHOD FOR
THE DETERMINATION OF ACROLEIN AND OTHER
TOXIC CARBONYLS IN AIR
V. Seaman1 and T. M. Cahill1. 1Environmental Toxicology, UC Davis, Davis, CA
and 2Environmental Toxicology, UC Davis, Davis, CA.
Acrolein, an α,β- unsaturated aldehyde, is emitted by motor vehicles, heated cooking oils, and the incomplete combustion of organic material, including cigarettes
and wood smoke. Acrolein may contribute to respiratory ailments due to direct irritant effects on the lung. Existing methods to collect and measure acrolein are subject to several difficulties including unstable acrolein derivatives, co-elution of other
compounds, long sample collection time, and the need for a pre-cartridge ozone
scrubber.
The objective of this research was to develop an analytical method to determine
acrolein and other toxic carbonyls in air with short (10 min.) sampling times. The
method collects carbonyls from the air by forming stable, water-soluble carbonylbisulfite adducts in a mist chamber. After collection, the adducts are broken and the
carbonyls derivatized by ο-(2,3,4,5,6-pentafluorobenzyl)hydroxylamine (PFBHA).
The derivatized carbonyls are extracted and quantified by gas chromatography/electron-capture negative chemical ionization mass spectrometry. The method was successfully applied to determine ambient atmospheric acrolein levels at three sites in
northern California, reflecting global background (Bodega Bay), biogenic contributions (Mt. Lassen), and urban enrichment (Roseville).
The ambient air sampling events resulted in acrolein concentrations of 0.056µg/m3
(Bodega Bay), 0.089 µg/m3 (Lassen) and 0.29 µg/m3 (Roseville). Acrolein levels at
all sites were above the EPA Reference Concentration (RfC) of 0.02µg/m3. The
minimum detection level (MDL) based on field blanks was 0.012 µg/m3, well
below that of other published methods. In addition, methacrolein, methylvinylketone, crotonaldehyde, glyoxal, methyl glyoxal and benzaldehyde were also quantified by this approach.
In conclusion, we have a functional method to determine acrolein in
ambient air using a 10 minute sampling period while achieving a detection limit of
0.012µg/m3 (0.005ppb). The method has been used successfully to detect ambient
levels of acrolein in outdoor air.
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REGULATION OF INFLAMMATORY MEDIATOR
PRODUCTION IN THE LIVER DURING ACUTE
ENDOTOXEMIA
L. C. Chen, D. L. Laskin and J. D. Laskin. Joint Graduate Program in Toxicology,
Rutgers University and UMDNJ-Robert Wood Johnson Medical School, Piscataway, NJ.
Acute endotoxemia is associated with hepatic injury caused by excessive release of
proinflammatory and cytotoxic mediators, including nitric oxide, eicosanoids, IL-1
and TNF-α, from activated liver macrophages and endothelial cells. Triggering receptor expressed on myeloid cells (TREM) belongs to a novel family of receptors
activated by endotoxin. Recent studies have suggested that inflammatory mediator
production during endotoxemia involves activation of TREM. Macrophage stimulating protein (MSP) is an immunoregulatory growth factor produced mainly by
hepatocytes that is thought to play a critical role in inflammation and tissue repair.
MSP exerts its action by binding to a membrane associated stem cell-derived receptor tyrosine kinase (STK). In the present studies, we analyzed the role of MSP and
STK in the regulation of inflammatory gene expression during endotoxemia.
Macrophages and endothelial cells, isolated from the livers of wild type (WT) and
STK knockout mice were found to constitutively express low levels of mRNA for
TREM-1, TREM-3, IL-1β and TNF-α, as well as inducible nitric oxide (iNOS)
and cyclooxygenase-2 (COX-2). Induction of acute endotoxemia by treatment of
mice i.p. with endotoxin (3 mg/kg) resulted in a time-dependent increase in expression of these genes, which was maximal at 3 hr. No major differences were
noted between WT and STK-/- mice. In macrophages, isolated from WT mice 24
hr after endotoxin administration, lipopolysaccharide (LPS, 250 ng), but not MSP
(100 ng), upregulated TREM-1, TREM-3, iNOS, COX-2, IL-1β and TNF-α expression. In contrast, in macrophages from WT control mice, MSP upregulated
COX-2, IL-1β and TNF-α. In these cells, the effects of MSP were reduced by the
addition of LPS to the cultures. These data suggest MSP and STK play a limited
role in regulating activation of liver macrophage and endothelial cells during acute
endotoxemia. However, MSP may participate in regulating the activity of
macrophages during homeostasis (NIH GM034310, ES004738 and ES005022).

SOT 2006 ANNUAL MEETING

349

1707

INHIBITION OF ACUTE LIPOPOLYSACCHARIDE
TOXICITIES IN RATS BY 3<\<>IH<\>>,-1,2-DITHIOLE-3THIONE
A. R. Karuri1. 1Biology, University of Memphis, Memphis, TN, 2Biology, University
of Memphis, Memphis, TN, 3Biology, University of Memphis, Memphis, TN,
4
Biology, University of Memphis, Memphis, TN, 5pharmacology and Toxicology,
Dartmouth Medical school, Hanover, NH, 6Environmental Health Sciences, John
Hopkins Bloomber School of Public Health, Baltimore, MD and 7Biology, University
of Memphis, Memphis, TN. Sponsor: T. Sutter.
Septisemia is a disease contributed by excessive host immune response to infection
leading to multiple organ failure and high mortality. Chemical agents with the capability to block lipolysaccharide (LPS) induced toxicity might improve the understanding in Gram-negative infections as well as offering new therapeutic tools for
septic disorders. This study investigates the potential of 3<IH>-1,2-Dithiole-3thione (D3T), a cancer chemo-preventive agent, to protect rodents from acute systemic endotoxic shock. We demonstrate that pretreatment of F344 rats with D3T,
inhibits 80% of LPS induced up-regulation of hepatic inducible nitric oxide synthase (iNOS), significantly reduced systemic productions of serum levels of NO
metabolites, and inhibition of serum enzyme markers. Immunohistochemical
analysis confirms that inhibition of iNOS largely contributes the protective action.
Pretreatment of rats with D3T prevents acute hypotension (about 40% reduction
in two hours) caused by intra-peritoneal injection of LPS. This kind of treatment
module also improves survival of LPS treated rats from 37% to100% at 24 h time
point. Inasmuch as iNOS expression can be regulated by nuclear factor kappa beta
(NFκB), mechanistic studies indicate that D3T significantly inhibits LPS induced
activation of nuclear factor kappa beta (NFκB) and blocks translocation of p65 and
DNA binding and alterations in Phospho-IκBα (inhibitor kappa beta alpha) levels.
In conclusion, this study identifies new drug classes and targets that may improve
the prevention and treatment of septic shock, as well as chronic diseases associated
with the NFκB and iNOS pathways.

1708

LPS COTREATED RATS AS A MODEL FOR
TROVAFLOXACIN-INDUCED IDIOSYNCRATIC
HEPATOTOXICITY
J. F. Waring1, M. J. Liguori1, J. P. Luyendyk2, J. F. Maddox2, P. E. Ganey2, R. F.
Stachlewitz1, C. North2, E. A. Blomme1 and R. A. Roth2. 1Cellular and
Molecular Toxicology, Abbott Laboratories, Abbott Park, IL and 2Department of
Pharmacology and Toxicology, Michigan State University, Lansing, MI.
Idiosyncratic drug toxicity refers to toxic reactions occurring in a small subset of patients and that are not apparent during preclinical or early phases of clinical trials.
One hypothesis for the pathogenesis of hepatic idiosyncratic drug reactions (IDR)
is that in certain individuals, underlying inflammatory stress results in sensitization
of the liver, such that injury occurs from an agent that typically would not cause hepatotoxicity at a therapeutic dose. We explored this possibility by cotreating rats
with non-hepatotoxic doses of bacterial lipopolysaccharide (LPS) and trovafloxacin
(TVX), a drug that caused idiosyncratic hepatotoxicity in humans. The combination of LPS and TVX resulted in hepatotoxicity in rats, as determined by increases
in serum ALT activity and hepatocellular necrosis, which were not observed with
either agent alone. In contrast, treatment with LPS and levofloxacin (LVX), a fluoroquinolone without human idiosyncratic liability, did not result in these changes.
Liver gene expression analysis identified unique gene expression changes induced
by the combination of TVX and LPS, including enhanced expression of
chemokines, suggestive of liver neutrophil (PMN) accumulation and activation.
Measurement of serum cytokine-induced neutrophil chemoattractant 1 (CINC-1)
and macrophage inflammatory protein 2 (MIP-2) concentrations confirmed the
enhanced expression of these chemokines. Consistent with a role for PMNs in the
liver injury induced by LPS/TVX, prior depletion of PMNs attenuated the liver injury. The results suggest that gene expression profiles predictive of idiosyncratic liability can be generated in rats cotreated with LPS and drug. Furthermore, they
identify gene expression changes that could be explored as biomarkers for idiosyncratic toxicity and lead to enhanced understanding of the mechanism(s) underlying
hepatotoxicity induced by TVX.
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ANALYSIS OF LPS/TNF SIGNAL IN THE
HEPATOTOXICITY OF VARIOUS CHEMICALS IN THE
DATABASE OF TOXICOGENOMICS PROJECT IN JAPAN
Y. Mizukawa1, 2, A. Ono2, T. Miyagishima2, T. Urushidani1, 2 and T. Nagao3.
1
Department of Pathophysiology, Faculty of Pharmaceutical Sciences, Doshisha
Women’s College, Kyoto, Japan, 2Toxicogenomics Project, National Institute of
Biomedical Innovation, Osaka, Japan and 3National Institute of Health Sciences,
Tokyo, Japan. Sponsor: T. Inoue.
The objective of the Toxicogenomics Project in Japan is to construct a large-scale
database of over 150 drugs and develop a system which will predict the toxicity of
new chemical in the early stage of drug development. We have rat in vivo gene ex-
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pression data of liver (using Affymetrix GeneChip; N=3 for each point), multi-time
points (4 points each for single and repeated dosing) and multi-dose (4 dose levels
including vehicle control) with traditional toxicological data (N=5 for each point).
In order to analyze the mechanism of toxicity, we employed additional compounds
including lipopolysaccharide (LPS), tumor necrosis factor α (TNF) and galactosamine, following the single-dose protocol. LPS has been shown to induce TNF
production, which is considered to be a major pathway of LPS-induced hepatotoxicity. In order to find chemicals that activate LPS/TNF signal, we extracted a gene
subset mobilized in common with LPS and TNF. Selecting the classifier from this
gene subset, a supervised class prediction method, “Prediction Analysis of
Microarrays (PAM)”, was employed and some chemicals were classified into the
same class of LPS and TNF; e.g. galactosamine, thioacetamide, and indomethacin
(repeated dose only). The classifier contained many genes related to LPS/TNF signal. It has been reported that chemicals such as galactosamine and thioacetamide
activate Kupffer cells to induce TNF production and that NSAIDs cause endotoxin-induced liver damage by the entry of bacteria via intestinal injury. The extracted genes were considered to be useful for identifying the compounds evoking
LPS/TNF signal. The present study is a good example of toxicity prediction based
on the toxicological pathway analysis using our database which is composed of
multi-dose and multi-time point data of large numbers of compounds including
typical reference chemicals.

1710

COAGULATION-DEPENDENT GENE EXPRESSION
AND INJURY IN LIVERS OF RATS GIVEN
LIPOPOLYSACCHARIDE WITH RANITIDINE BUT NOT
WITH FAMOTIDINE

J. P. Luyendyk1, L. D. Lehman-McKeeman2, D. M. Nelson2, V. M. Bhaskaran2,
T. P. Reilly3, B. D. Car2, G. H. Cantor2, J. F. Maddox1, P. E. Ganey1 and R. A.
Roth1. 1Department of Pharmacology and Toxicology, National Food Safety and
Toxicology Center, Center for Integrative Toxicology, Michigan State University, East
Lansing, MI, 2Discovery Toxicology, Bristol-Myers Squibb, Princeton, NJ and 3Drug
Safety Evaluation, Bristol-Myers Squibb, Syracuse, NY.
In an animal model of drug idiosyncrasy, rats cotreated with nonhepatotoxic doses
of lipopolysaccharide (LPS) and ranitidine (RAN) develop hepatocellular injury,
whereas rats treated with LPS and famotidine (FAM) do not. The coagulation system and neutrophils (PMNs) are requisite mediators of LPS/RAN-induced liver injury. We tested the hypothesis that unique gene expression in LPS/RAN-treated
rats requires coagulation system activation and that these changes are absent in rats
given LPS and FAM. Rats were treated with a nonhepatotoxic dose of LPS (44 x
106 endotoxin units/kg, iv) or its vehicle, then one hour later with heparin (3000
U/kg) or its vehicle. One hour thereafter they were given RAN (30 mg/kg, iv),
FAM (6 mg/kg: a pharmacologically equi-efficacious dose, or 28.8 mg/kg: an
equimolar dose, iv), or vehicle. They were killed 2 or 6 h after drug treatment for
evaluation of hepatotoxicity, coagulation system activation, and liver gene expression (2 h only). Statistical filtering of gene array results identified groups of genes
expressed in LPS/RAN-treated rats but not LPS/FAM-treated rats that were either
changed or unchanged by heparin administration. For example, the increases in
serum MIP-2 and PAI-1 concentrations were prevented by anticoagulation.
Overall, in the LPS/RAN model of adverse drug response the enhanced expression
of some, but not all inflammatory genes requires coagulation system activation.
Furthermore, the data suggest that the protective effects of anticoagulation might
in part relate to prevention of enhanced inflammatory gene expression. (Supported
by NIH grant DK061315 and Bristol-Myers-Squibb Company)
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MODEST INFLAMMATION ENHANCES DICLOFENAC
HEPATOTOXICITY IN RATS: A POTENTIAL ANIMAL
MODEL FOR IDIOSYNCRATIC DRUG REACTION

X. Deng1, R. F. Stachlewitz2, M. J. Liguori3, E. A. Blomme3, J. F. Waring3, J.
P. Luyendyk1, J. F. Maddox1, P. E. Ganey1 and R. A. Roth1. 1Department of
Biochemistry and Molecular Biology, Department of Pharmacology and Toxicology,
Michigan State University, East Lansing, MI, 2Department of Discovery Safety,
Metabolism and Pharmacokinetics, Abbott Bioresearch Center, Worcester, MA and
3
Department of Molecular and Cellular Toxicology, Abbott Laboratories, Abbott
Park, IL.
Idiosyncratic adverse drug responses (IADRs) represent an important human
health problem, yet animal models for preclinical prediction of these reactions are
lacking. Recent evidence suggests that some IADRs arise from drug interaction
with an inflammatory episode that renders the liver sensitive to injury. Diclofenac
(DCLF) is one of those drugs for which the clinical use is limited by the idiosyncratic liver injury which it causes in human patients. We tested the hypothesis that
modest inflammation triggered in rats by a small dose of LPS renders a nonhepatotoxic dose of DCLF injurious to liver. Cotreatment of rats with a nonhepatotoxic
dose of LPS (29X10^6EU/kg) and DCLF (20mg/kg) resulted in elevated serum

alanine aminotransferase (ALT) activity and liver histopathologic change 6 hours
after DCLF administration. Gene array analysis of livers revealed a unique gene expression pattern in the LPS/DCLF co-treatment group compared to groups given
either agent alone. Several inflammation-, cell death/survival- and stress-related
genes were expressed to a greater degree in the LPS/DCLF cotreatment group compared to the group treated with either agent alone. Gut sterilization of LPS/DCLFtreated rats did not protect against liver injury,suggesting that LPS/DCLF co-treatment did not cause liver injury by DCLF-induced translocation of LPS or bacteria
from intestine to liver. These results demonstrate that inflammation-DCLF interaction results in hepatotoxicity in rats and raises the possibility of creating animal
models that predict human IADRs. (Supported by Abbott Laboratories and NIH
grant DK061315.)
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LEFLUNOMIDE IS A POTENT INHIBITOR OF THE
MITOCHONDRIAL PERMEABILITY TRANSITION PORE
IN HEPATOCYTES

C. Latchoumycandane1, Q. Seah1, J. Sattabongkot2, W. Beerheide3 and U. A.
Boelsterli1, 4. 1Pharmacology, NUS, Singapore, Singapore, 2AFRIMS, Bangkok,
Thailand, 3Siam Life Science, Pathumthani, Thailand and 4Pharmacy, NUS,
Singapore, Singapore.
Background: Leflunomide (LEF), a novel disease-modifying anti-rheumatic drug,
confers protection against proinflammatory cytokine-mediated liver injury. The
underlying mechanisms are not fully understood. Because LEF is an inhibitor of dihydroorotate dehydrogenase, a protein linked to the mitochondrial electron transport chain which in turn regulates the membrane permeability transition (mPT),
we hypothesized that the mitochondrial pathway may be involved. Aim: To explore
whether LEF (the prodrug), or its active metabolite A77-1726, alter the sensitivity
to chemically-induced opening of the Ca2+-dependent, cyclosporin A-sensitive
mPT pore. Experimental Approach: Isolated mouse liver mitochondria were exposed
to LEF or A77-1726, and the concentration-dependent effects on the mitochondrial transmembrane potential (∆Ψm) were measured using the cationic fluorescent
probe JC-1. Furthermore, we assessed the effects of LEF on the induction of the
mPT by monitoring large amplitude swelling and by determining the release of cytochrome c into the extramitochondrial medium. In addition, we explored the cytoprotective effects of LEF in cultured immortalized human hepatocytes. Results:
Both LEF and A77-1726 attenuated the ∆Ψm (at > 1 µM) but completely protected from the mPT caused by nimesulide or Pi. In line with these data, we found
that LEF or A77-1726 prevented the mPT-mediated cytochrome c release from mitochondria. Furthermore, LEF protected from acetaminophen-induced mPT-associated cytotoxicity in cultured human hepatocytes and greatly attenuated the release of cytochrome c into the cytosol. Conclusions: Our results indicate that both
LEF and its active metabolite are weak uncouplers but potent inhibitors of the
mPT in vitro. This is consistent with our hypothesis that LEF may confer cytoprotection from chemically induced hepatocyte injury by inhibiting the mPT.
(NMRC R-184-000-087-213; OLS R-184-000-079-712)
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MITOCHONDRIAL ADENINE NUCLEOTIDE
TRANSLOCATOR EXPRESSION IS DECREASED IN
LIVER CELLS OF ZUCKER FATTY RATS: RELEVANCE
FOR ALTERED MITOCHONDRIAL BIOENERGETICS IN
STEATOSIS

J. Teodoro, A. P. Rolo, P. J. Oliveira and C. M. Palmeira. Center for Neurosciences
and Cell Biology, Department of Zoology, University of Coimbra, Coimbra, Portugal.
Non-alcoholic steatosis, marked by the accumulation of free fatty acid droplets inside the hepatocyte, is a disease of increasing importance. Being the main ATP production source for the cell and also one of the most susceptible sites for damage,
progressive decline of mitochondrial function correlates with disease progression.
An example is microvesicular steatosis, which occurs in conditions characterized by
severe impairment of the mitochondrial β-oxidation due to genetic and/or acquired
causes. We proposed to study if excessive free fatty acid (FFA) accumulation in an
experimental model of steatosis (Zucker fatty rats) causes impairment of mitochondrial bioenergetics and function. Hepatic mitochondria were isolated from control
and Zucker fatty rats and studies on membrane potential and oxygen consumption
were performed. Mitochondria from fatty livers showed a decrease in transmembrane potential and state 3 respiration, implying alterations at the phosphorylative
system level. The ATPase activity showed no differences between groups, suggesting
alterations at the protein level. A pronounced depletion in the content of the adenine nucleotide translocator (ANT) was observed by western blotting, while no alterations were found on the mitochondrial voltage-dependent anion channel
(VDAC) content. This data suggests that hepatic accumulation of fat impairs mitochondrial function, reflecting the loss of oxidative phosphorylation capacity caused
by a decrease in the content of the adenine nucleotide translocator. (Supported by
POCTI/CBO/42486/2001, FCT, Portugal)
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MITOCHONDRIAL ANTIOXIDANT STATUS AND
NUCLEOSIDE REVERSE TRANSCRIPTASE INHIBITOR
(NRTI) ASSOCIATED TOXICITY
H. Leitner1, 2 and B. Day2, 1. 1Toxicology, UCHSC, SOP, Denver, CO and
2
Medicine, NJMRC, Denver, CO.
Manganese superoxide dismutase (MnSOD) and glutathione (GSH) are major mitochondrial antioxidants. Mitochondrial DNA (mtDNA) codes for 13 proteins
vital for proper functioning of Complexes I, III, IV and the ATPase, alterations in
normal mtDNA may therefore produce disease states. Highly active antiretroviral
therapy (HAART) has revolutionized management of HIV. Nucleoside/tide reverse
transcriptase inhibitors (NRTIs) are essential to HAART efficacy. If NRTIs are incorporated into replicating mtDNA chain elongation teminates and mtDNA fidelity is compromised. Mitochondria associated toxicity is believed to be a component of NRTI side effects. The purpose of these studies was to determine if
decreased MnSOD resulted in increased mitochondrial oxidative stress in the presence of the NRTI stavudine (d4T). MnSOD heterozygote (ht) and wild-type (wt)
CD-1 mice were given 13.5mg/kg d4T in drinking water for two weeks. Heart mitochondrial aconitase activity from wt d4T exposed mice decreased by 14 percent
as compared to unexposed mice. MnSOD ht mice exposed to d4T displayed a 20
percent decrease in heart mitochondrial aconitase activity as compared to unexposed MnSOD ht mice. Wt mice dosed with 8mg/kg d4T subcutaneously indicate
that the liver is exposed to d4T for prolonged periods of time compared to other organs. CD-1 MnSOD ht mice express a 26 percent decrease in mitochondrial GSH
to oxidized glutathione (GSSG) ratio (mtGSH:GSSG). When CD-1 MnSOD ht
mice are injected subQ with 8mg/kg of d4T twice a day for two weeks, they display
a 20 percent decrease in mtGSH:GSSG as compared to control ht MnSOD mice.
Compared to wt control mice, the equivalent decrease in mtGSH:GSSG in d4T
treated MnSOD ht mice is 43 percent. These ratios are in stark contrast to no decrease in mtGSH:GSSG in wt mice treated with d4T. These studies suggest that
d4T increases mitochondrial oxidative stress in MnSOD deficient mice. These results suggest that mitochondrial antioxidant status is an important factor in determining sensitivity toward NRTI induced side effects.
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GOVERNING GLOBAL MITOCHONDRIAL FUNCTION
THROUGH REGULATION OF VOLTAGE-DEPENDENT
ANION CHANNELS (VDAC): IMPLICATIONS FOR
PHYSIOLOGY AND TOXICOLOGY
J. J. Lemasters and E. L. Holmuhamedov. Cell & Developmental Biology, University
of North Carolina at ChapelHill, Chapel Hill, NC.
Despite a detailed understanding of their metabolism, mitochondria often behave
anomalously. In particular, global suppression of mitochondrial metabolism and
metabolite exchange occurs in apoptosis, ischemia and anoxia, cytopathic hypoxia
of sepsis and multiple organ failure, alcoholic liver disease, aerobic glycolysis in cancer cells and unstimulated pancreatic beta cells. Here, we propose that closure of
voltage-dependent anion channels (VDAC) in the mitochondrial outer membrane
accounts for global mitochondrial suppression. In anoxia, cytopathic hypoxia and
ethanol treatment, reactive oxygen and nitrogen species, cytokines, kinase cascades
and increased NADH act to inhibit VDAC conductance and promote selective oxidation of membrane-permeable respiratory substrates like short chain fatty acids
and acetaldehyde, while simultaneously inhibiting long chain fatty acid oxidation.
In cancer cells, highly expressed hexokinase binds to and inhibits VDAC to suppress mitochondrial function while stimulating glycolysis (Warburg effect), but an
escape mechanism intervenes when glucose-6-phosphate accumulates and dissociates hexokinase from VDAC. Similarly, glucokinase binds to mitochondria of insulin-secreting beta cells, possibly blocking VDAC and suppressing mitochondrial
function. In response to elevated glucose, we propose that glucose metabolism leads
to glucose-6-phosphate-dependent unbinding of glucokinase from mitochondria,
relief of VDAC inhibition, release of ATP from mitochondria and ATP-dependent
insulin release. In support of the overall proposal, ethanol treatment of isolated rat
hepatocytes inhibited mitochondrial respiration and accessibility to adenylate kinase in the intermembrane space, effects that were overcome by digitonin permeabilization of the outer membrane. Overall, these considerations suggest that
VDAC is a dynamic regulator, or governator, of global mitochondrial function
both in health and disease.
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MITOCHONDRIAL F1-ATP SYNTHASE: NO
FUNCTIONAL CONSEQUENCES OF RNA
INTERFERENCE-MEDIATED GENE SILENCING IN
HEPG2
C. Strupp1, F. Straube1, O. Grenet1, W. E. Trommer2 and A. Wolf1. 1Biomarker
Development, Novartis Pharma AG, Basel, Switzerland and 2Department of
Chemistry, University of Kaiserslautern, Kaiserslautern, Germany.
ATP supply plays a central role in cellular function. It is mainly produced by mitochondrial ATP synthase, an enzyme complex that is able to bind ADP and Pi, regenerating ATP driven by the electromotoric force of the proton gradient. Blockage
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or mutation of the β-subunit of the F1-ATPase heavily impairs the functionality of
the whole complex. A selective defect of this subunit in a newborn manifested clinically in severe lactic acidosis, mitochondrial hyperpolarization, a decreased capacity of ATP-production and led to death short after birth. The purpose of the present investigations was to induce specific gene silencing of the β-subunit in HepG2
cells and to compare these effects to that of the known inhibitor of F0F1-ATPase,
Oligomycin B. After treatment of HepG2-cells, LDH-release, ATP content, rhodamine-uptake, lactate and glucose were determined. The same endpoints were investigated in β-subunit knock-down cells. Electroporation was used to transfect
HepG2. Gene silencing was determined by qRT PCR and Western blot in comparison to mismatch-transfected cells. Interferone response was checked for control.
The selected siRNA decreased mRNA by 90% (24h after transfection) and the protein level by 75% (96h). The specific knock down of the F1-ATPase did not lead to
relevant changes of energy supply or cytotoxicity, while incubations with
Oligomycin B led to clear reductions of the mitochondrial membrane potential, enhanced lactate production and glucose consumption. In conclusion, since the
RNAi-mediated silencing of β-subunit of the F1-ATPase did not lead to a functional consequence, it appears that the remaining non-silenced 25% of ATPase was
able to maintain cellular functions. Also we cannot rule out that Oligomycin B
contributes by other mechanisms to the cellular toxicity in HepG2 cells.
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MITOCHIP: AN OLIGONUCLEOTIDE MICROARRAY AS
A GENOMIC TOOL TO UNDERSTAND NRTIINDUCED MITOCHONDRIAL DYSFUNCTION IN THE
MOUSE LIVER

V. Desai1, C. L. Moland1, W. S. Branham1, T. Lee2, R. R. Delongchamp2, J. E.
Leakey3 and J. C. Fuscoe1. 1Center for Functional Genomics, Division of Systems
Toxicology, NCTR, Jefferson, AR, 2Division of Biometry and Risk Assessment, NCTR,
Jefferson, AR and 3Office of Scientific Co-ordination, NCTR, Jefferson, AR.
Nucleoside reverse transcriptase inhibitors (NRTIs) in combination with other antiretrovirals are the basis of effective AIDS therapy. However, it is becoming increasingly evident that these drugs have potential to cause serious cellular toxicities
thought to be related to mitochondrial dysfunction. This study explored the basis
of impaired mitochondrial function at transcriptional level during NRTIs exposure.
We designed and fabricated a mouse MitoChip, a microarray of 542 oligos (MWG
Biotech, Germany) specific for both nuclear and mitochondrial genes associated
with mitochondrial structure and function. C3B6F1trp53 wild type and heterozygous female mice were exposed transplacentally from GD12 to GD18, then postnatally from PND1 to PND28 to Zidovudine (AZT; 160 or 240 mg/kg/day) either
singly or in combination with Lamivudine (3TC; 160 mg/kg/day AZT + 100
mg/kg/day 3TC) and were sacrificed at 1 hr and 2 hr after dosing on PND28. Liver
tissues were collected for microarray analysis. In brief, fluorescent dye Cy5 was labeled to an aminoallyl group incorporated into cDNA during reverse transcription
of total RNA of the test sample followed by hybridization on a MitoChip with
Universal mouse reference RNA labeled with Cy3. Hybridized arrays were scanned
using a GenePix 4000B scanner and analyzed by GenePix Pro 6.0 software.
Preliminary results showed that at 1hr AZT at 240 mg/kg, in contrast to 160
mg/kg, had noticeable effect on relative expression level of genes (84 genes, p<0.05)
compared to controls. However, more profound effect was observed in expression
levels, when AZT was given in combination with 3TC (189 genes, p<0.05).
Genotype had no significant treatment effect. In both treatments, genes with altered transcriptional level were associated with mitochondrial tRNAs, respiratory
chain, and lipid metabolism.
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KUPFFER CELL/HEPATOCYTE COCULTURE AS A
MODEL TO ASSESS XENOBIOTIC-INFLAMMATION
INTERACTIONS

F. F. Tukov1, J. F. Maddox1, D. E. Amacher2, R. A. Roth1 and P. E. Ganey1.
1
Pharmacology & Toxicology, Michigan State University, East Lansing, MI and
2
Safety Sciences Groton, Pfizer Inc., Groton, CT.
Xenobiotic-inflammation interactions have been shown to lead to hepatotoxicity.
In the liver, Kupffer cells (KCs) respond early during inflammation with release of
mediators that can contribute to liver damage. Selected xenobiotic agents (acetaminophen, APAP; chlorpromazine, CPZ; allyl alcohol, AlOH; monocrotaline,
MCT) were evaluated for ability to elicit the release of KC-derived inflammatory
mediators in the absence and presence of lipopolysaccharide (LPS). KC/hepatocyte
(KC/HPC) cocultures were treated with xenobiotic or vehicle and/or LPS or vehicle. Six hours later, the release of tumor necrosis factor-alpha (TNF) and
prostaglandin E2 (PGE2) was assessed by ELISA. Concentrations of xenobiotics
were chosen that did not cause HPC cytotoxicity over the duration of the experiment. LPS alone caused a concentration-dependent increase in TNF release but
had no effect on PGE2 production in KC/HPC cocultures. APAP by itself had no
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significant effect on the release of TNF or PGE2; however, it enhanced LPS-induced TNF release. CPZ significantly increased TNF release and augmented LPSstimulated TNF production. AlOH alone did not affect TNF release, but it decreased TNF production in the presence of LPS. AlOH increased PGE2
production, and this effect was potentiated in the presence of LPS. Release of TNF
was not altered by MCT alone and was increased slightly in cocultures treated with
MCT and LPS. Neither MCT, LPS, nor the combination affected production of
PGE2 in KC/HPC cocultures. These results demonstrate that KC/HPC cocultures
can be used to evaluate interactions of xenobiotics with LPS that alter inflammatory
mediator production. Furthermore, data obtained from these studies qualitatively
mirror reported data from whole animal studies, suggesting that this model could
be useful for predicting xenobiotic-inflammation interactions in vivo. (Supported
by Pfizer Inc.)
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SUPPRESSION OF NITRIC OXIDE PRODUCTION AND
INDUCIBLE NITRIC OXIDE SYNTHASE EXPRESSION
BY NATURALLY OCCURRING SMALL MOLECULES IN
LPS-STIMULATED RAW264.7 CELLS

S. Yea1, 2, C. Choi1, 2, D. Seog1 and Y. Park1. 1Department . of Biochemistry, College
of Medicine, Inje University, Busan, Korea, South Korea and 2Biohealth Product
Research Center, Inje University, Busan, Korea, South Korea. Sponsor: H. Kim.
Nitric oxide (NO) is recognized as a mediator and regulator of inflammatory responses. In activated macrophage, large amounts of NO are generated by inducible
nitric oxide synthase (iNOS), resulting in acute or chronic inflammatory disorders.
Thus, the potential iNOS inhibitors have been considered as anti-inflammatory
agents. Through cell-based screening system, we previously identified several naturally occurring small molecules as immune modulators. In the present study, we investigate the effect of the small molecules on NO production and iNOS expression
in RAW264.7 murine macrophages stimulated with lipopolysaccharide (LPS) to
mimic inflammation. All small molecules tested showed inhibitory effect on LPSstimulated NO production in RAW264.7 cells and no effect on cell viability was
observed at any concentration of the small molecules. Of those small molecules, interestingly, two structurally related compounds, IMB-104 and IMB-105, markedly
inhibited NO production in dose- and time-dependent manners. The decrease in
NO production was found to correlate well with a decrease in iNOS protein and
mRNA expression as determined by western blot and real-time RT-PCR, respectively. These results suggest that naturally occurring small molecules, IMB-104 and
IMB-105, could be effective immunomodulating agents, particularly for inflammation that are mediated by NO. Further investigation into the mechanism of the
modulation is required. Supported by a grant from MOCIE and ITEP through the
BPRC of Inje University.
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INHIBITION OF LIPOPOLYSACCHARIDE STIMULATED
PHAGOCYTIC ACTIVITY OF RAT PERITONEAL
MACROPHAGES BY METHYL PAMITATE

S. sarkar, M. Khan, B. S. Khaphalia and S. G. Ansari. Pathology, University of
Texas of Medical Branch, Galveston, TX.
Macrophages are critical cellular effectors of the immune system . The focus of the
study was to examine if methyl pamitate (MP) could inhibit LPS-stimulated
phagocytic activity in rat peritoneal macrophages (PMs). PMs, isolated from rat
peritoneal cavity, were cultured in RPMI 1640 containing 10 % FBS. Non-adherent cells were removed and adherent cells were treated with different concentrations
of MP (0.25, 0.5, 1.0, and 2 mM). The supernatants were removed and cells were
stimulated with LPS (1microg/ml) for 6 or 24 h. The supernatants and cell lysates
were analysed for various biological activities. MP at increasing concentrations
(0.25, 0.5 and 1.0 mM) showed a dose-dependent inhibitory effect on phagocytic
activity of PMs as measured by latex beads uptake (66%, 50% and 33%, respectively, at 2 h). The production of nitric oxide (.NO) by PMs decreased by four fold
at 1mM MP after 6 h of LPS stimulation. MP treatment increased IL-10 release by
16% at 0.25 mM, 26% at 0.5 mM or 89% at 1.0 mM in the LPS-treated cells (6 h)
. However, at 2 mM MP, IL-10 decreased by 47%. Following 24 h of LPS stimulation, MP treatment (0.5 mM to 2 mM) lead to decreased IL-10. IL-6 showed significant increases at 6 h (41% at 0.25 mM, 65% at 0.5 mM, 192 % at 1 mM, and
246% at 2 mM MP) as well as at 24h (17%, 13%, 70%, 61% respectively). TNFα release occurred only at 24 h following LPS stimulation (1.25 fold at 1.0 mM
and 1.15 fold at 2.0 mM of MP). COX-2 protein expression was induced by LPS
(1microg/ml) but inhibited by MP at both 6 and 24 h. In general, our data suggest
that MP has the most inhibitory effect on .NO production. MP modulates LPS-induced IL-6, IL10, TNF-α production in a concentration-dependent manner and
inhibits the phagocytic activity of PMs.
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IN VITRO PRO-INFLAMMATORY EFFECTS OF
NICOTINE AND A TOBACCO-SPECIFIC NITROSAMINE
ON HUMAN LUNG ALVEOLAR CELL LINE A549 AND
HUMAN MACROPHAGE CELL LINE U937

S. F. Yee and R. D. Leverette. Lorillard Tobacco Company, Greensboro, NC.
In the recent literature, it has been reported that nicotine and the tobacco- specific
nitrosamine, 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK), may have
disease promoting effects through the activation of a cellular inflammatory pathway
which leads to cytokine release. Recently, it has been suggested that NNK can bind
to the α-7 nicotinic receptor with greater affinity than nicotine. In order to determine if nicotine, NNK, or a combination of both can induce a pro-inflammatory
response, cytokine release from human alveolar epithelial A549 cells and human
macrophage U937 cells was used in the present study. In our system, A549 and
U937 cells were exposed to 0, 0.1, 1, 5, 10, and 20 µg/ml of nicotine, NNK, or
NNK and nicotine for 18 hours. The release of pro-inflammatory cytokine interleukin 8 (IL-8) and prostaglandin E2 (PGE2) were determined by ELISA. No IL-8
release from A549 cells was detectable at any exposure level with either nicotine or
NNK alone, or a combination of both. In U937 cells, there were no detectable levels of IL-8 and PGE2 when exposed to nicotine or NNK. Since cigarette smoke
condensate (CSC) contains both nicotine and NNK, we also determined the inflammatory effects of CSC alone and with added nicotine and NNK. U937 cells
had a dose-dependent increase in PGE2 to a combination of nicotine and NNK at
20 µg/ml CSC versus CSC alone. A combination of added nicotine and NNK to
CSC significantly reduced the IL-8 release in a linear dose-response in both A549
and U937 cell types when compared to CSC alone. From these results, it appears
that neither NNK nor nicotine alone can stimulate a pro-inflammatory cytokine
IL-8 release, but will increase PGE2 in U937 only when CSC is present. It has yet
to be demonstrated that the α-7 nicotinic receptor is actually expressed in the A549
or U937 cell lines; however, our data suggests that the pro-inflammatory effects of
NNK and nicotine appear to be conflicting.

1722

IN VITRO INHIBITION OF SUBSTANCE P ON IL-1
RELEASE FROM ALVEOAR CELLS IN RESPONSE TO JP-8
JET FUEL

N. N. Sun, C. Nardi, S. S. Wong and M. L. Witten. Pediatrics, University of
Arizona, Tucson, AZ.
Our previous experiments have indicated that the substance P signal mechanism
protected cytokine-mediated inflammatory response. To further elucidate the underlying mechanisms, the effect(s) of JP-8 jet fuel on cytokine secretion were examined in a transformed rat alveolar type II epithelial cell line (RLE-6TN), pulmonary
alveolar macrophages (PAM) cell line (NR8383), and the co-culture of RLE-6TN
and NR8383. Two JP-8 jet fuel concentrations (0.2 and 1.6 µg/ml), which may actually be encountered in alveolar space of lungs exposed in vivo, were placed in cell
culture for 24 hours. JP-8 jet fuel significantly elevated IL-1α,β, but not IL-6, 10,
and TNF-α, in both cell culture media, as determined by ELISA. Substance P (1010
M) abolished changes in Both IL-1α,β in NR8383 rather than RLE-6TN media,
suggesting the receptor-dependent mechanism because there is no or less receptor
expression on alveolar type II epithelial cells. Sar9 Met(O2)11-substance P (10-10M),
an agonist of substance P, further confirmed this in vitro efficacy. These data suggest
that the release of important proinflammatory cytokine IL-1α,β, not only from
PAM but also from alveolar type II epithelial cells, may contribute to JP-8 jet fuelinduced inflammatory response in the alveolar space. However, substance P exhibits significant inhibition on IL-1α,β release that reveals that neuro-immune signal regulation may be necessary in the inflammatory response (supported by
AFOSR FA9550-04-1-0231).
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IN VITRO TOXICOLOGY OF ALUMINUM
NANOPARTICLES IN RAT LUNG MACROPHAGES

A. J. Wagner1, 2, S. Hussain2, K. Hess3, C. Bleckmann1, E. England1 and J. J.
Schlager2. 1Air Force Institue of Technology, Wright-Patterson AFB, OH, 2Applied
Biotechnology Branch, Human Effectiveness Directorate, Air Force Research
Laboratory, Wright-Patterson AFB, OH and 3Geo-Center Inc., Wright-Patterson AFB,
OH.
Nanomaterials, which are by definition in the 1 - 100 nanometer range, have numerous possible benefits to society, but currently there is a lack of data that characterize these materials effects to human health and environment. In general nanomaterials are of interest to the Air Force because of their applications in electronics,
sensors, munitions and energetic/reactive systems. Nanoparticles such as aluminum
have been considered for enhancing propulsion in solid rocket fuel. To date, only a
few studies have looked at the toxicological effects of direct exposure to nanoparticles, none with aluminum. It is important to increase the understanding of the
nanomaterial exposure health impact before these materials are throughout diverse

levels of occupations or fully used in large capacities within industry and the military. The purpose of this research is to observe and characterize the in vitro cellular
effects of rat lung macrophages to exposure to aluminum oxide nanoparticles (30
and 40nm average size) compared to pure aluminum nanoparticles (50, 80, and
120nm). This study concentrates on cell viability, mitochondrial function, phagocytotic ability, cytokine response, and cell morphology. Preliminary viability results
show minimal toxicological effects on these macrophages exposed as high as 500
µg/ml for 24 hours with aluminum oxide particles. However, there was significant
toxicity that occurred at 96 and 144 hours post exposure indicating a delayed toxicity. Pure aluminum particles indicate slight to moderate toxicity after 24 hours of
exposure at 100 and 250 µg/ml. Preliminary results indicate that the phagocytic
ability of these cells are hindered by the all the pure aluminum nanoparticles at 25
µg/ml, but not by the aluminum oxide nanoparticles. A series of cytokine and nitric oxide assays are being performed to characterize possible enhanced immune
cascade variations from normal and inflammatory responses.

1724

ARSENIC IDUCED GROWTH ARREST AND APOPTOSIS
IN MOUSE B CELL LINES

S. C. Pelsue, D. Swett, A. Curtis and C. Sczymczuk. Maine Center of Toxicology &
Environmental Health, University of Southern Maine, Portland, ME. Sponsor: J. Wise.
Human exposure to arsenic in drinking water affects millions of people worldwide
and has been associated with neoplasias in multiple organs and has also been
demonstrated to have immunotoxic effects. The exact molecular mechanism of carcinogenesis has not been defined. Of particular note is the modulation of MAP kinase activities resulting in the activation of NF-kB and c-Myc transcription factors
in neoplastic cells. These pathways are also of particular importance in the development and regulation of inflammation, however, the effect of arsenic on these pathways has not been fully evaluated in lymphocyte populations. A link between inflammation and carcinogenesis has been established in several epidemiological
studies as well as in mouse models, and B-lymphocytes have recently been shown to
be critical in the initiation of inflammation-induced carcinogenesis. We, therefore,
initiated a study to examine mechanisms underlying the immunotoxicity of arsenite in an in vitro model system of mouse B lymphocytes. Three B cell lines (70Z/3,
WEHI-231, & 2PK-3) and one macrophage line (RAW 247.3) were exposed with
0-50 microM of Arsenite and effects on cell growth, cell division, cell cycle, and
apoptosis were examined. All three B cell lines showed at least a 5-fold greater sensitivity to arsenite exposure than the macrophage cell line, indicated by growth inhibition and cell cycle arrest. The B cell lines were also were observed to have an increase in apoptosis at lower concentrations than the macrophage cell line. A clear
reduction in cell division and growth was observed at 5 microM and cell cycle
analysis identified a reduction in cells entering S and G2/M as well as an increase in
apoptotic cells. These results indicate an increased sensitivity of B cells to Arsenic
and future determination of arsenic induced cellular signaling in mouse B cell lines
will provide a clearer understanding of arsenic induced inflammatory mechanisms
and its role in the promotion of arsenic induced carcinogensis.

1725

MODULATION OF THE 3’ IMMUNOGLOBULIN HEAVY
CHAIN REGULATORY REGION BY REACTIVE OXYGEN
SPECIES

E. J. Romer, D. C. Ranatunga and C. E. Sulentic. Pharmacology & Toxicology,
Wright State University, Dayton, OH.
The production of immunoglobulins (Ig) by activated B cells is a critical component of the humoral immune response. Ig production is mediated in part by a
complex transcriptional regulation of the Ig heavy chain (IgH) gene. A component
of this regulation involves binding of various transcription factors including NF-κB
to a regulatory region 3’ of the IgH gene, termed the 3’IgH RR. Activation of lymphocytes by lipopolysacchride (LPS) has been shown to increase the production of
reactive oxygen species which are cysteine oxidizing agents known to induce tyrosine kinase activity and subsequent nuclear translocation of transcription factors
such as NF-κB. This study proposes that the production of reactive oxygen species
plays a significant role in LPS activation of B cells perhaps by modulating the activity of the 3’IgH RR. Utilizing the CH12.LX B cell line and a transiently or stably
expressed transcriptional reporter driven by the 3’IgH RR and a variable heavy
chain promoter, we have shown that LPS-activated B cells treated with the reactive
oxygen species, hydrogen peroxide (40 µM), can enhance transcriptional activity
through the 3’IgH RR. Interestingly, pre-treatment with the anti-oxidant, ascorbic
acid (Vitamin C), decreased LPS-induced activation of the 3’IgH RR and appeared
to decrease the activation induced by an LPS and hydrogen peroxide co-treatment.
These observations suggest that in B cells reactive oxygen species may play a significant role in 1) the modulation of the 3’IgH RR perhaps mediated by the activation
of NF-κB proteins and 2) the LPS-induced activation of B cells. Studies are underway to determine the effect on 3’IgH RR activity of other anti-oxidants and in situ
producers of reactive oxygen species. (Supported by the Wright State University
Boonshoft School of Medicine).
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GW7845, A PPARγ AGONIST, INDUCES CALCIUMDEPENDENT MAP KINASE ACTIVATION AND
APOPTOSIS IN PRO/PRE-B CELLS

J. Schlezinger, S. Bissonnette and D. H. Sherr. Environmental Health, Boston
University School of Public Health, Boston, MA.
B cells are highly susceptible to apoptosis induced by structurally diverse peroxisome proliferator-activated receptor γ (PPARγ) agonists, including GW7845. We
have shown that GW7845 rapidly induces apoptosis in bone marrow B cells that is
dependent upon activation of the stress kinase (p38 MAPK and JNK) pathway.
However, the initiating signal is unknown; therefore, we began investigating the
potential role of endoplasmic reticulum (ER) stress in GW7834-induced pro/pre-B
apoptosis by examining the contribution of calcium and CAMKII to the apoptotic
signal. Pre-treatment of a non-transformed murine pro/pre-B cell line (BU-11)
with BAPTA (15 µM), a calcium chelator, significantly reduced GW7845 (40 µM)
induced caspase-3 activation and apoptosis. While BAPTA had no effect on the
GW7845-induced loss of mitochondrial membrane potential, it decreased the release of cytochrome c, suggesting that calcium is required to initiate the mitochondrial death pathway. Furthermore, BAPTA significantly reduced the GW7845-induced activation of JNK and p38 MAPK. Calcium can initiate signaling pathways
by activating CAMKII. The CAMKII inhibitor KN-93 (5 µM) mimics the effects
of BAPTA on the kinase and apoptosis pathways, suggesting that calcium is driving
GW7845-induced pro/pre-B cell apoptosis through the activation of CAMKII and
subsequent activation of JNK and p38 MAPK. The increased phosphorylation of
eIF2α following treatment with GW7845 also supports the hypothesis that
GW7845 induces ER stress. Studies are underway to identify other characteristics
of ER stress induced following exposure to GW7845, as well as to determine the
role of p38 MAPK and eIF2α in the GW7845-induced activation of NF-κB in
pro/pre-B cells. GW7845 initiates apoptotic signaling in B cells in early maturation
stages, likely through calcium release from the ER and the activation of a CAMKIIdriven stress kinase cascade.

1727

BYPASS OF BCL-2-MEDIATED DRUG RESISTANCE IN A
NEWLY DERIVED HUMAN B-LYMPHOID CELL LINE

S. E. Bloom and D. E. Muscarella. Microbiology and Immunology, Cornell
University, Ithaca, NY.
The Bcl-2 protein is known to protect lymphoid cells from apoptotic cell death induced by toxicants or loss of survival factors. This is the case for differentiating germinal center B-lymphocytes (B-cells) and B-cell lymphomas that originate in germinal centers. However, little is known about stress conditions and associated
signaling pathways that can bypass Bcl-2-mediated cytoprotection resulting in excessive apoptosis. We previously showed that the multi-drug resistance of the REW human B-cell line is mediated primarily by high Bcl-2 expression level. Here
we report on a new cell line, designated S-EW, derived from R-EW, that grows
more rapidly in culture and shows increased baseline apoptosis under high-density
conditions. We examined the question of whether the S-EW cell line is multi-drug
sensitive involving a Bcl-2-independent pathway. The two cell lines were exposed to
etoposide, vincristine, or antimycin A, inducing different molecular lesions, and
apoptosis and caspase activation assayed at 24 hr.
S-EW cells were found to be three-fold more sensitive than R-EW cells to apoptosis induction and activation of caspase-9 by all three drugs. However, immunoblotting analysis showed that expression of Bcl-2 and Bax proteins were similar in the
two cell lines. The cell lines were treated with PK11195, an antagonistic ligand of
the mitochondrial benzodiazepine receptor, to overcome Bcl-2 cytoprotection.
PK11195 exposure enhanced etoposide-induced apoptosis to a greater extent in the
S-EW compared to R-EW cell line. The results with antimycin, a mitochondrial
complex III inhibitor, and PK11195 suggest that the differential sensitivity of the
S-EW and R-EW cell lines is regulated by a mitochondrial pathway independent of
Bcl-2. This pathway may involve altered growth factor signaling in S-EW cells since
apoptosis induced by etoposide was augmented under reduced serum conditions.
The S-EW and R-EW cell line pair provides a unique model to study the multifactorial regulation of B-cell sensitivity to chemicals.

1728

DIFFERENTIAL ADHESION OF HUMAN B-CELL LINES
TO FOLLICULAR DENDRITIC CELLS AND
SUBSEQUENT MODULATION OF CHEMICALLY
INDUCED APOPTOSIS

D. Muscarella and S. Bloom. Microbiology and Immunology, Cornell University,
Ithaca, NY.
It has become increasingly apparent that various physiological responses of B-lymphocytes, including their propensity to undergo apoptosis, are modulated by exposure to cytokines and interactions with stromal cells. For example, within the germinal center of lymph nodes, B-cells are either negatively selected and eliminated
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by apoptosis, or are positively selected and rescued from apoptosis after encountering specific survival signals. These signals include the activation of receptors on the
B-cell surface and by the adhesion of B-cells with follicular dendritic cells (FDCs).
We have developed an in vitro co-culture system, consisting of a panel of germinal
center-derived human B-cell lines and the human FDC cell line, HK, to examine
how surface receptor activation and association with FDCs modulates the immunotoxic effects of apoptosis-inducing chemicals in B-cells. We found that the Bcell lines differ in their propensity to adhere to HK cells, with adhesion efficiency
ranging from 40-50% in the CA46 cell line to 70-80% in the EW36 line.
Treatment of CA46 cells with tumor necrosis factor (TNF) increased their adhesion
efficiency to levels comparable with EW36 cells. Importantly, we found that sublethal concentrations of sodium arsenite, ranging from 2-10 micromolar, disrupted
the ability of the CA46 cells to adhere to HK cells. Our data suggest that this inhibition may be due to the ability of arsenite to disrupt TNF-mediated activation of
the nuclear factor kappa-B pathway. Furthermore, adherence to HK cells substantially reduced the levels of B-cell apoptosis induced by a variety of chemical agents,
including arsenite and vincristine, a microtubule inhibitor used to treat lymphoma.
Collectively, our findings show an influence of arsenite, an environmental toxicant,
on cytokine/receptor mediated B-cell adherence to FDCs as well as an attenuation
of apoptosis induced by chemicals that have different molecular targets in cells by
B-lymphocyte–FDC interactions.

1729

EFFECTS OF TCDD ON LPS-INDUCED CHANGES IN
MARKERS OF B CELL DIFFERENTIATION

D. Shnaider and N. E. Kaminski. Center for Integrative Toxicology and the
Department of Pharmacology and Toxicology, Michigan State University, East
Lansing, MI.
2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) is a persistent environmental contaminant with potent immunotoxic effects. Suppression of the primary immunoglobulin-M (IgM) antibody response is a well-characterized effect of TCDD.
IgM suppression by TCDD can occur through a direct interaction with B cells and
is dependent on the aryl hydrocarbon receptor. A murine B cell line, CH12.LX,
shows upregulation of IgM production in response to bacterial lipopolysaccharide
(LPS), which is significantly suppressed by TCDD. In the current study, we explored the hypothesis that the suppression of B cell differentiation is responsible for
the TCDD-induced suppression of IgM response. Two B cell surface molecules,
MHC-II and CD19, and Pax-5, a transcriptional repressor of the immunoglobulin
heavy chain, light chain and J chain, were monitored during LPS-induced differentiation of CH12.LX cells. Immunofluorescent staining followed by flow cytometric
analysis revealed that, consistent with B cell differentiation, LPS activation produced a downregulation of MHC-II surface expression. In contrast, TCDD treatment attenuated LPS-induced MHC-II downregulation. By comparison, CD19
surface expression was downregulated by LPS and further downregulated by
TCDD. Lastly, Pax-5 protein was downregulated following LPS activation, but remained abnormally elevated following TCDD treatment. Studies are currently underway to further characterize the effect of TCDD in activated primary murine B
cells on CD19, MHC-II and Pax-5 expression. (NIH Grants R01 ES02520 and
P42 ES04911)
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PROTEIN INTERACTIONS AT THE DRE AND κB
MOTIFS WITHIN THE 3’ IgH REGULATORY REGION

C. E. Sulentic, E. J. Romer and D. C. Ranatunga. Pharmacology & Toxicology,
Wright State University, Dayton, OH.
Transcriptional regulation of the immunoglobulin heavy chain (IgH) gene involves
several regulatory elements including the 3’IgH regulatory region (3’IgH RR). The
3’IgH RR is composed of four distinct enhancers (hs3A, hs1,2, hs3B, hs4) and contains DNA binding sites for several transcription factors, including NF-κB/Rel proteins. A recently identified DNA binding motif, the dioxin responsive element
(DRE), may also contribute to the regulation of the 3’IgH RR. 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD), a known disruptor of B cell differentiation, induces binding of the aryl hydrocarbon receptor (AhR) nuclear complex to DREs.
TCDD also induces AhR binding to a DRE motif within the hs1,2 and hs4 enhancers. Interestingly, TCDD profoundly inhibits the activation of the 3’IgH RR
by the B cell activator, lipopolysaccharide (LPS), but enhances LPS-induced activation of the hs4 enhancer. Within the hs4 enhancer the DRE overlaps an NF-κB/Rel
binding motif (κB) and site-directed mutational analysis demonstrated a cooperative interaction between proteins binding to these motifs. This interaction appears
to be critical in mediating the synergistic activation of the hs4 enhancer following a
co-treatment of TCDD and LPS. A similar interaction may also occur in the hs1,2
domain where the DRE is in close proximity to a κB motif. Since variations in NFκB/Rel dimers can influence transcription, we hypothesize that TCDD alters the
LPS-induced κB binding profile. Utilizing chromatin immuno-precipitation assays, preliminary studies have demonstrated a TCDD-induced increase in RelA

binding within the hs4 and hs1,2 enhancers in LPS-stimulated CH12.LX cells.
Therefore, TCDD does appear to influence the LPS-induced κB binding profile
perhaps through interactions between the AhR and NF-κB/Rel proteins.
Modulation of κB binding may mediate the effects of TCDD on the 3’IgH RR and
hs4 activity in LPS-stimulated CH12.LX cells. (Supported by the School of
Medicine, WSU)
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MODULATION OF THE 3’IgH REGULATORY REGION
BY STRUCTURALLY DIVERSE CHEMICALS THAT
ACTIVATE THE AHR SIGNALING PATHWAY

R. A. Henseler and C. E. Sulentic. Pharmacology & Toxicology, Wright State
University, Dayton, OH.
2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD), a known disruptor of B-cell differentiation and a ligand for the aryl hydrocarbon receptor (AhR), induces binding of
the AhR to dioxin responsive elements (DRE) in sensitive genes, such as the metabolic enzyme, CYP1A1. The role of the AhR signaling pathway in TCDD-induced
inhibition of B-cell differentiation is unclear. A key event in B-cell differentiation is
immunoglobulin expression which involves several genes including the immunoglobulin heavy chain (IgH) gene. Transcription of the IgH gene is controlled
by several regulatory elements including the 3’IgH regulatory region (3’IgH RR).
Several transcription factor binding sites have been identified within the 3’IgH RR
and appear to be important in transcriptional regulation. More recently DRE motifs have also been identified within the 3’IgH RR which may implicate the AhR as
an important regulator of IgH expression. Our previous results have demonstrated
a marked inhibition by TCDD of heavy chain expression and 3’IgH RR activity in
LPS-activated B cells, perhaps mediated through AhR-DRE binding. The objective
of the present study was to determine if 3’IgH RR modulation is limited to TCDD
or if structurally diverse chemicals of environmental, industrial, dietary and pharmaceutical origin which have been shown to induce DRE binding and CYP1A1
expression, are also capable of modulating the 3’IgH RR. Preliminary studies with
carbaryl, indolo[3,2-b]carbazole, omeprazole, and primaquine have demonstrated
an inhibition of the 3’IgH RR in LPS-activated CH12.LX B-cells by transient
transfection of a luciferase reporter regulated by the 3’IgH RR. These results suggest that the 3’IgH RR and expression of the IgH gene are sensitive immunological
targets of a diverse range of chemicals and further support the role of the AhR signaling pathway in the regulation of IgH expression. (Supported by the School of
Medicine, WSU)
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CHARACTERIZATION OF THE IMMUNOSUPPRESSIVE
ACTIVITY OF THE PLANT-DERIVED CANNABINOID,
CANNABIDIOL

B. L. Kaplan and N. E. Kaminski. Center for Integrative Toxicology and Department
of Pharmacology and Toxicology, Michigan State University, East Lansing, MI.
Cannabidiol, a plant-derived cannabinoid, possesses low affinity for both the CB1
and CB2 cannabinoid receptors and exhibits minimal psychotropic activity.
Despite this, cannabidiol does exhibit immunosuppressive effects, including suppression of interleukin-2 (IL-2) production in phorbol ester plus calcium
ionophore (PMA/Io)-activated splenocytes. Thus, the focus of these studies was to
further characterize the immunosuppressive actions of cannabidiol. In addition to
suppression of IL-2 production, cannabidiol suppressed interferon-γ (IFN-γ) production in PMA/Io-stimulated splenocytes. Additionally, cannabidiol suppressed
PMA/Io-stimulated proliferation and cell surface expression of the IL-2 receptor
alpha chain, CD25, in splenocytes. Using splenocytes derived from CB1-/-/CB2-/mice, it was determined that the suppression of IL-2 and IFN-γ occurred independently of both cannabinoid receptors, consistent with the demonstration that
cannabidiol binds the cannabinoid receptors with low affinity. Coincident with
suppression of proliferation and cytokine production, cannabidiol suppressed the T
cell-dependent antibody forming cell response in splenocytes activated with sheep
erythrocytes. In order to determine whether cannabidiol-induced suppression of
cytokine production was due to a direct T cell effect, Jurkat cells were utilized and
IL-2 production was also suppressed in this pure T cell population. Taken together,
these data suggest that cannabidiol suppresses T cell function in a cannabinoid receptor-independent manner. (Supported in part by NIH DA007908).
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BETAIN PREVENTS 4-HYDROXYNONENAL-INDUCED
CYTOTOXICITY IN CD4+ T LYMPHOCYTES

W. Chang1, S. S. Barve2, 1, C. J. McClain2 and T. S. Chen1. 1Pharmacology &
Toxicology, University of Louisville, Louisville, KY and 2Medicine, University of
Louisville, Louisville, KY.
4-Hydroxynonenal (HNE), an aldehydic product of lipid peroxidation, is an important component of disease pathogenesis involving oxidative stress, such as aging,
alcoholic liver diseases, and HIV/HCV infection, etc. HNE-induced immunosup-

pression can lead to the loss of CD4+ T lymphocytes. Previously, we found that
HNE-induced apoptotic cell death in CD4+ T cells and involved intracellular glutathione (GSH) depletion. It has been demonstrated that formation of S-adenosylL-methionine (SAMe), catalyzed by SAMe synthetase (methionine adenosyltransferase IIA: MAT2A), is required for CD4+ T cell activation and proliferation. Also,
SAMe is a precursor for GSH synthesis through the transsulfuration pathway.
Thus, in the present work we investigated the effect of HNE on lymphocytic SAMe
metabolism. We found that HNE inhibited MAT2A (activity and mRNA) and
concomitantly depleted intracellular SAMe levels in a dose-dependent manner.
Inhibition of MAT2A and resultant decrease in SAMe levels induced caspase-3 dependent DNA fragmentation and apoptotic cell death. Importantly, the trimethylglycine (betaine) supplement, a compatible osmolyte and a methyl donor, restored
intracellular levels of SAMe and GSH and protected against the HNE-induced
apoptotic cell death. These results suggest that MAT2A activity, SAMe and GSH
are critical for T cell survival and could be the molecular target in immunosuppressive disorders involving CD4+ T cells loss and dysfunction. Additionally, these data
strongly indicate that betaine could potentially be a part of therapeutic intervention
aimed at protecting CD4+ T cells and attenuating immunosuppression caused by
oxidative stress.
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IL-12 PRODUCTION BY DCS ACTIVATED WITH NISO4

S. Kerdine-Roemer, D. Antonios, A. Larange, D. Lecoeuche and M. Pallardy.
INSERM UMR-S 461, Faculty of Pharmacy, Chatenay-Malabry, France.
Dendritic cells (DCs) play a major role in the regulation of immune responses to a
variety of antigens (Ag) and haptens which participate to the process of dendritic
cells maturation. Indeed, metallic haptens are able to induce full DCs maturation
in vitro. However the mechanism of this maturation is not well understood. We
have already shown that NiSO4 activates p38 mitogen-activated protein kinases
(MAPK), c-jun N-terminal kinase (JNK) and extracellular signal-regulated kinase
(ERK) during early events of DCs maturation. Therefore, in the present study, we
analyzed cytokines profiles on human DCs derived from cord blood CD34+
treated with NiSO4 and the effects of MAPKs inhibitors.
We show that NiSO4 induces IL-6 and IL-12 p40 mRNAs, two cytokines playing
fundamental roles in DCs functions. IL-12 p40 and IL-6 mRNAs and proteins induction upon NiSO4 addition are inhibited with p38 MAPK inhibitor
(SB203580) and JNK (SP600125) whereas ERK inhibitor (PD98059) increased
IL-12 p40 without any effect on IL-6. However, DCs activated with NiSO4 do not
produce the bio-active form of IL-12, IL-12 p70. These data suggest first that
MAPKs play a crucial role in maintaining DCs maturation allowing them to produce cytokines that are playing central role in DCs activation and second that
NiSO4 could not alone induce a full maturation of DCs. Another signal seems to
be required to obtain full DCs activation with IL-12 p70 secretion.
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IMMUNOTOXIC POTENTIAL OF ACRYLONITRILE IN
HUMAN LEUKOCYTES AND T84 HUMAN COLONIC
EPITHELIAL CELLS - IN VITRO STUDIES

M. Y. Farooqui1, A. R. Abd-Allah2 and A. E. Ahmed3. 1Biology, University of Texas
Pan American, Edinburg, TX, 2Pharmacology and Toxicology, Al-Azhar University,
Cairo, Egypt and 3Pathology, University of Texas Medical Branch, Galveston, TX.
Acrylonirrile (VCN) is a known animal carcinogen, mutagen and teratogen. The
objective of this study is to evaluate the immunotoxic potential of VCN in vitro in
human leukocytes and T84 human colonic epithelial cells. Human buffy coats were
used for the separation of different types of human leukocytes. Cells were incubated
with various concentrations of VCN (5 – 40 umoles) at various time intervals (30120 minutes). Concentrations of reduced (GSH) and oxidized (GSSG) glutathione
were determined as a function of VCN concentration and incubation time.
Mitogenic response of human lymphocytes was determined using concanavalin-A
(Con-A), phytohemaglutinin (PHA) and lipopolysaccharide (LPS). Apoptosis in
human lymphocytes was assayed using Cis-platinum as a positive control.
Concentrations of GSH and GSSG significantly decreased in human leukocytes (0
– 60 % of controls) as a function of VCN concentration and incubation time.
VCN (20 umoles) significantly inhibited 3[H]-thymidine uptake as a response to
PHA stimulation (86-90 % of controls), Con-A (76-87 % of control) and LPS (5668 % of controls). VCN (5 umoles for 1 h) significantly increased percentage of
nonviable cells in lymphocyte cultures. Incubation of lymphocytes with VCN (5
umoles for 1 h) also resulted in a significant increase in the percentage of DNA
fragmentation. Addition of VCN in the incubation medium decreased IL8 secretion by T84 human colonic epithelial cell line. These results indicate immunotoxic
potential of VCN in human leukocytes colonic epithelial cells. [Supported by NIH
Grant No. ES-01871].
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IMMUNOMODULATION OF MURRAY COD
(MACCULLOCHELLA PEELI) HEAD KIDNEY CELL
FUNCTIONS BY CYLINDROSPERMOPSIN

P. F. Wright1, A. J. Harford1, C. Haskard2 and K. O’Halloran3. 1Key Centre for
Toxicology, RMIT-University, Bundoora, Melbourne, VIC, Australia, 2Australian
Water Quality Centre, Bolivar, Adelaide, SA, Australia and 3CENTOX, Landcare
Research, Lincoln, New Zealand. Sponsor: P. Di Marco.
Cylindrospermopsin (CYN) is an alkaloid toxin, produced by Cylindrospermopsis
raciborskii and other cyanobacteria, that is a health risk to humans, livestock and
wildlife. Murray cod is an iconic native Australian freshwater fish of significant
value and an ideal species for ecotoxicological testing. This study investigated the
effects of in vitro CYN exposure on the mitogenesis and phagocytosis of head kidney (HK) cells from Murray cod. Cells were exposed in vitro to CYN at 0, 0.05, 0.5
and 5 µg/mL. Phagocytosis assay: HK cells (106 cells/mL) were incubated with fluorescent beads (2.5 x 107 beads/mL) and CYN for 48 hr at 20°C, prior to flow cytometric analysis for subpopulation cell counts, numbers of cells with beads and
beads per cell, and cell viability. Lymphoproliferation assay: HK cells (5 x 106
cells/mL) were incubated with CYN for 5 days at 15°C, and 3H-thymidine added
to each well 24 hr before harvesting. CYN exposure of 0.05 µg/mL resulted in a significant increase in the percentage of granulocytes with beads, while 0.05 and 0.5
µg/mL also increased the number of beads per granulocyte. CYN was not cytotoxic
at the concentrations investigated and did not significantly alter granulocyte or
lymphocyte numbers. No significant changes were seen in the proliferation index
or profile in the mitogenesis assay. This study indicates that CYN exposure acts
preferentially on Murray cod granulocytes to enhance phagocytosis at low, but not
high, concentrations (i.e. biphasic effect), while lymphocyte numbers and proliferation were unchanged. These findings concur with the only other immunotoxicity
studies of cyanotoxin exposure, in which microcystin-LR increased the secretion of
pro-inflammatory cytokines and phagocytic activity in mammals and fish.
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EVALUATION OF INTER-ANIMAL VARIABILITY IN THE
T-CELL DEPENDENT ANTIBODY RESPONSE IN RATS

J. R. Piccotti1, J. D. Alvey1, R. M. Slim1, D. L. Morris2 and T. T. Kawabata3.
1
Worldwide Safety Sciences, Pfizer Inc., Ann Arbor, MI, 2Worldwide Safety Sciences,
Pfizer Inc., Chesterfield, MO and 3Worldwide Safety Sciences, Pfizer Inc., Groton,
CT.
Evaluation of a T-cell dependent antibody response provides an overall measure of
host immune function. We previously developed an assay to measure a primary
IgM response to keyhole limpet hemocyanin (KLH) in Sprague-Dawley rats, and
found significant inter-animal variability after intravenous injection due to low responders. The current study investigated whether the dose of KLH and the route of
administration contribute to the variability in the IgM response. In addition, antibody responses in rats were compared to their class II major histocompatibility
complex (MHC) in an attempt to identify the haplotype of low responders. Female
Sprague-Dawley rats were given an intravenous injection of KLH at 0.1, 1 and 2
mg/animal, or an intramuscular dose of 0.2 and 1 mg/animal. Rats with class II
MHC u/u alleles, the most common haplotype, received KLH intravenously at
0.35 mg/kg (approximately 0.1 mg/animal). Antibody responses were compared to
randomly selected rats given KLH intravenously at the same dose. Rats given intravenous and intramuscular injections were sacrificed 5 days and 7-10 days post-immunization, respectively. Anti-KLH IgM endpoint titers were measured by an enzyme-linked immunosorbent assay (ELISA). Significant inter-animal variability
was observed in the IgM responses in rats given KLH intravenously at 0.1, 1 and 2
mg/animal, with low responders in each group. Dose-related increases in IgM levels
were not seen in these animals. Significant inter-animal variability also was seen in
rats given KLH intramuscularly at 0.2 and 1 mg/animal. A clear correlation in the
magnitude of the IgM response and the class II MHC was not seen, and the variability was not reduced in u/u homozygous rats. The findings of this study demonstrated that neither the dose of KLH nor the route of administration contributed to
the inter-animal variability in the IgM response to KLH. Further, poor responders
could not be clearly identified by their class II MHC gene.
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DETERMINATION OF OPTIMUM NUMBER OF RATS
NEEDED TO ASSESS IMMUNE COMPETENCE BY
PRODUCTION OF ANTIBODY TO KEYHOLE LIMPET
HEMOCYANIN FOLLOWING ORAL ADMINISTRATION
OF CYCLOPHOSPHAMIDE

H. V. Ratajczak, B. Jin, K. Blanchard and S. Jayadev. Toxicology, Boehringer
Ingelheim Pharmaceuticals, Inc., Ridgefield, CT.
Sprague Dawley rats are often used in a model for performing Thymic Dependent
Antigen Response (TDAR) assays in order to harmonize with model systems used
for other toxicological assessments. This outbred strain of rat is known to exhibit
highly variable responses to immunologic stimuli. Therefore a study was performed
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to determine the optimum number of animals/group needed to get significant suppression using the positive control Cyclophosphamide. Groups of 10 male and 10
female Charles River Crl:CD(SD) IGS BR Sprague-Dawley VAF+ Albino rats, approximately 7 – 8 weeks of age at the start of dosing were given vehicle or 4.5
mg/kg/day Cyclophosphamide via the oral route. A separate control group of 5M
and 5F was given sham injections. Dosing was daily for 28 days. On day 16 all rats
were injected with 1 mg Keyhole Limpet Hemocyanin (KLH) subcutaneously in
the caudal tail fold. Blood was obtained from the retroorbital plexus 5 days later
and via the vena cava at necropsy 12 days later. IgM and IgG specific for KLH were
assessed by ELISA. Statistics included analysis of variance and, in the presence of
significant effects (p < 0.05), group by group comparisons were made using Tukey’s
test. For sample size determination, the method was from S-PLUS 6 for Windows
Guide to Statistics, Vol. 2, Insightful Corp., Seattle, WA July 2001.
The number of animals/group needed to define a significant difference to oral administration of 4.5 mg/kg/day of Cyclophosphamide are as follows:
Day p Immunization
Parameter Both
Males
Females
5
IgM
5
7
4
12
IgG
8
8
5
12
IgM
6
9
3
5
IgG
9
19
4
12
Body Wt
460
209
18
12
Absolute Spleen Wt 8
4
5
12
Relative Spleen Wt
11
4
7
12
Absolute Thymus Wt 87
18867
19
12
Relative Thymus Wt 350
620
48
Conclusion: In general, fewer numbers of females are required to determine significant results in the TDAR assessment of Sprague Dawley rats to KLH using
Cyclophosphamide as the immunosuppressant.
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VALIDATION OF A T-CELL DEPENDENT ANTIBODY
RESPONSE IN CYNOMOLGUS MONKEYS
(INDONESIAN ORIGIN) USING KEYHOLE LIMPET
HEMOCYANIN (KLH)
J. De Gagne, N. Rouleau, N. Cristiano, S. A. Kirk and L. LeSauteur.
Immunology, Laboratory Sciences, Charles River Laboratories Preclinical Montréal,
Senneville, QC, Canada.
A T-cell dependent antibody response assay was used to monitor the primary antibody response to a subcutaneous injection of KLH in Cynomolgus monkeys
(Indonesian origin). KLH was used as an antigen and quantitative enzyme linked
immunosorbent assay (ELISA) was used to monitor the anti-KLH IgM and antiKLH IgG response. KLH was administered, to all groups, by subcutaneous injection at a volume of approximately 1 mL (10 mg/mL for Groups 1 and 3, and 1
mg/mL for Groups 2 and 4). Cyclosporine, a known immunosuppressant, was administered (37.5 mg/kg/dose) twice daily, by oral gavage (Groups 3 and 4) for 28
days. Blood samples were obtained from all animals once prior to cyclosporine administration, prior to KLH administration, and 3, 5, 7, 10, 14, 17 and 21 days
post-KLH administration. A dose level of 10 mg/mL of KLH induced consistently
higher levels of anti-KLH IgM and anti-KLH IgG antibodies, when compared to
animals that received 1 mg/mL of KLH. The dose level of 10 mg/mL induced a statistically significant reduction in anti-KLH IgG antibodies when control animals
were dosed with cyclosporine. However, suppression of the anti-KLH IgM response, by cyclosporine, was more marked in animals that received 1 mg/mL of
KLH compared to those that received 10 mg/mL. Results from Indonesian origin
monkeys showed a difference in timecourse and intensity of anti-KLH IgM response when compared to Chinese origin monkeys. The IgM response occurred
after 7 days following KLH injection (peak after 14-17 days) for Indonesian monkeys instead of 5 days (peak after 6 days) for Chinese monkeys. In term of intensity,
when Indonesian monkeys samples were analyzed for IgM no signal could be detected at a dilution of 1/250 (established MRD for Chinese origin monkeys). As a
result, in order to increase the sensitivity of the assay, a dilution of 1/50 was used.
The T-cell dependant antibody response in Cynomolgus monkey (Indonesian origin) using KLH was successfully validated.
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A VALIDATION STUDY OF AN IN VIVO DELAYED-TYPE
HYPERSENSITIVITY (DTH) MODEL IN RHESUS
MONKEYS
C. M. Satterwhite1, C. M. Brodmerkel2, K. Vaddi2, L. E. Black1 and P. B.
Lappin1. 1Charles River Laboratories, Preclinical Services, Sparks, NV and 2Incyte
Corporation, Wilmington, DE.
The DTH response is a Type IV hypersensitivity antigen-specific reaction involving
cell-mediated immunity initiated by CD4 and CD8 T cells; the classic response is a
feature of Mycobacterium tuberculosis infection. The DTH reaction can be utilized

to evaluate the competence of the cellular immune system. With many immunomodulatory drugs in development, there is an increased need to provide a reliable DTH model that can be applied in preclinical testing on nonhuman primates. To date, a well characterized DTH model in nonhuman primates has been
lacking. A series of studies were conducted to develop an assay that comprised characteristics of the classic DTH response in rhesus monkeys, utilizing a combination
of clinical signs, histologic findings, and immunohistochemistry, and to compare
these measurements in the absence or presence of a known immunosuppressant
compound. Six male rhesus monkeys (3/Group) previously sensitized with BCG
(Mycobacterium bovis-Bacillus Calmette-Guérin) were challenged with Old
Tuberculin (OT); to evaluate effects of immunosuppression, the DTH response
was compared in animals that had received Dexamethasone or saline prior to OT
challenge. In assay development experiments, all animals had measurable indurations greater than 3 mm in diameter at either 24, 48 or 72 hours post challenge.
The DTH reaction was characterized by inflammatory cell infiltrates (predominantly CD4+ and CD8+ lymphocytes and CD68+ macrophages) surrounding
most small blood vessels in the superficial and deep dermis and in the underlying
subcutaneous tissue, most notable at 48 hours after OT administration. The concurrent administration of Dexamethasone resulted in a reduction in size of indurations and an overall decrease in perivascular cellular infiltrates (decrease in CD4+
and CD8+ lymphocytes and an absence of CD68+ macrophages). BCG administration to rhesus monkeys followed by OT challenge provided a consistent assay
methodology for evaluation of the DTH response in drug development.
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OPTIMIZATION OF AN IN VITRO NATURAL KILLER
(NK) CELL ACTIVITY ASSAY IN CYNOMOLGUS
MONKEYS

E. Rechetnik, C. M. Satterwhite, L. E. Black and P. B. Lappin. Charles River
Laboratories, Preclinical Services, Sparks, NV.
The development of potent biologic drugs with the potential for untoward immunomodulatory effects has prompted the need for a more complete evaluation in
preclinical safety assessment. NK cells represent a component of the innate immune
system and are involved in the recognition and cytolysis of neoplastic, virus-infected and normal cells expressing altered MHC class I antigen. The Chromium
Release Assay has been the “gold standard” in rodents to evaluate immune function,
but application of this methodology to nonhuman primates (NHPs) has been neither reproducible nor precise. NHPs are often the most/only relevant model for
human-directed immunomodulatory drugs; a modified NK cell activity assay using
Calcein AM fluorescence release was optimized in cynomolgus monkey. Peripheral
blood mononuclear cells (PBMCs) were isolated from whole blood samples. NK
cells (CD3-/CD16+) were quantified in whole blood and PBMCs via flow cytometry to determine % NK cells in each PBMC (effector) aliquot. Effector:target(K562
[target] cells preloaded with Calcein AM) ratios of 100:1, 50:1, 25:1 and 12.5:1
were incubated in a 96-well microplate for 3 hours at 37°C, supernatant was removed and the fluorescence released measured. IL-2 stimulated NK-92 effector
cells as a positive control, and a pharmacological inhibitor of the granzyme B pathway, 0.05 mM 3,4-dichlorocoumarin (DCI) as a negative control were incorporated into each or a subset of experiments, respectively. The NK % lysis was based
on the fluorescence released (RFU) into the supernatant with normalization to
maximal (5% Triton X-100) and spontaneous fluorescence release. Serial experiments utilizing multiple unrelated animals demonstrated a relative proportion of
NK cells in PBMC isolates of approximately 7%, a mean lysis of 36.4% at an effector:target ratio of 100:1, and mean inhibition of lysis with DCI of 27.3%. Interassay precision was evaluated in four animals. The data demonstrated that over
three days the NK cell activity was comparable and a dose response for the four effector:target ratios was achieved.
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ASSESSMENT OF NK CELL ACTIVITY IN THE RAT
USING FLOW CYTOMETRY

F. Condevaux1, J. Guichard1, F. Horand1 and J. Descotes2. 1MDS Pharma
Services, St Germain s/L’Arbresle, France and 2Poison Center, Lyon, France.
Because NK cells are crucial components of innate immunity, the measurement of
NK cell activity is often recommended in the nonclinical immunotoxicity evaluation of drugs and chemicals. Although the 51Cr release assay is considered the gold
standard assay, flow cytometry is increasingly used to assess NK cell acitvity.
However, there is only limited experience with this technique in the rat. In this
study, the effects of the anti-asialo GM1 antibody that targets NK cells were investigated in Wistar rats following a single intravenous injection at 2 mg per animal.
YAC-1 target cells were labeled with the dye CFDA-SE and 2.5x104 target cells
were incubated for 18 hours with 1.25x106 effector cells obtained from rat peripheral blood mononuclear cells. The percentage of dead target cells was assessed by a
flow cytometer (FACScan BD). The percentage of dead YAC-1 cells was only
9.2±2.6% (p<0.01) and 11.0±4.2% (p<0.001) with the effector/target cell ratios of

25:1 and 50:1, respectively, in the group given the anti-asialo GM1 antibody compared with 31.3±8.0% and 45.6±9.4% in the untreated control rats. These results
confirm that flow cytometry is a useful alternative to the 51Cr release assay for
measuring NK cell activity in the rat.
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ANALYTICAL VALIDATION OF A PERIPHERAL BLOOD
IMMUNOPHENOTYPING ASSAY FOR RATS
R. Caldwell, J. Fishel and P. Marshall. Toxicology, Covance Laboratories,
Madison, WI.
A study was conducted to evaluate the precision, linearity, antibody titer optimization, and stability of a peripheral blood immunophenotyping assay for rats.
Validation included quantification of total T lymphocytes, helper and cytotoxic T
lymphocytes, B lymphocytes, and natural killer cells using flow cytometry.
Immunophenotying was conducted using a dual-platform methodology and heterogeneous lymphocyte gating strategy. Potassium EDTA was used as the anticoagulant. The intrasample precision was assessed by taking ten measurements of one
immunophenotyping sample per animal. Intersample precision was evaluated using
ten immunophenotyping sets from one peripheral blood sample per animal. The
linearity was determined by preparing replicate immunophenotyping samples with
decreasing blood volumes. To assess antibody titer optimization, replicate immunophenotyping samples were prepared with decreasing antibody volumes. To assess stability, lymphocyte values for whole blood samples and fixed immunophenotyping samples were compared at multiple timepoints over a 72 hour period.
Stability testing also included a comparison of lymphocyte values for blood samples
shipped via overnight courier. The assay was determined to be accurate, precise and
linear over a wide range of blood volumes. In addition, the antibody cocktail can be
used at many dilutions. Both fresh whole blood and fixed immunophenotyping
samples were stable over extended periods, and when shipped via overnight courier.
In addition the assay has been shown to work for Sprague Dawley, Fischer, and
Wistar Hanover rats. In conclusion, the validation has shown that the assay generates precise and reproducible data for detection of lymphocyte subset populations
in rat peripheral blood.
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BIOMARKERS FOR DRUG-INDUCED STRESS:
CORTICOSTERONE-INDUCED CHANGES IN GENE
EXPRESSION IN WHOLE BLOOD
P. Hebert1, S. B. Pruett1, M. Lawton2, J. Lapointe2 and K. T. Thomas2. 1Cellular
BIology & Anatomy, LSU Health Sciences Center, Shreveport, LA and 2Safety
Sciences, Pfizer, Inc., Groton, CT.
The objective of this study was to use DNA microarray analysis to identify candidate biomarkers of stress that correlate with immunological changes typically associated with stress induced by drugs in preclinical testing in rodents. Male SpragueDawley rats (~60 days old) were treated with corticosterone (20 mg/kg at 9:00 am
and 1:00 pm) by subcutaneous injection of a suspension of corticosterone (C) in
2% beta-cyclodextrin and 0.5% methyl cellulose (vehicle). Groups of 5 rats each
were treated with vehicle (control) or C for 2, 5, or 14 days. Whole blood samples
were collected into PAXgene tubes, for RNA extraction and subsequent analysis on
Affymetrix RAE230v2 GeneChips. The number of transcripts significantly affected
(in comparison to the control group) depended on duration of exposure (maximum
= 1749 on day 5). Initial analyses focused on genes that were significantly altered at
all 3 durations of exposure. Activation dependent neuroprotective protein (NP),
Ly6C, CCL5, granzyme B, late gestation lung protein (LGP), MAP kinase kinase 1
(MAPKK1), prostaglandin endoperoxide synthase 1, protein tyrosine phosphatase
receptor type c, and a gene similar to Ig joining chain (IJC) were among the 47 significantly altered at 2, 5, and 14 days. While some of the changes could be attributed to increases or decreases in cells types known to express these genes, most were
not. Further analysis of correlations between gene expression and immunological
parameters (e.g., thymus and spleen weight and cellularity and flow cytometric
analysis of blood and spleen) revealed that LGP, MAPKK1, and IJC are the
strongest candidate biomarkers for drug-induced stress responses. The results identified some intriguing effects, such as suppressed expression of NP, which has not
previously been reported to be regulated by glucocorticoids. This work was supported by a grant from Pfizer, Inc.
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MEASUREMENT OF EX VIVO CYTOKINE RELEASE BY
HUMAN AND CYNOMOLGUS MONKEY WHOLE
BLOOD CULTURES USING CYTOKINE BEAD ARRAYS
M. Wing, D. Lanham, A. Michel and S. Watts. Experimental Biology,
Huntingdon Life Sciences LTD., Cambs, United Kingdom. Sponsor: D. Steve.
Cytokine analysis is often performed during the development of immunomodulatory drugs as PD markers or in the case of biopharmaceutical drugs to look for evidence of cytokine release syndromes. The availability of reagents to perform multiplex analysis with small volumes of sample enables cytokines to be measured on
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small sample volumes. We have compared ex vivo cytokine release in human and
cynomolgus monkey whole blood cultures using cytokine bead arrays following
stimulation with phytohaemagglutinin (PHA) or the phorol ester PMA plus the
calcium ionophore Ionomycin (Iono). The samples were incubated with the bead
arrays then analysed by flow cytometry to simultaneously measure IL-2, IL-4, IL-5,
IL-6, TNF alpha and IFN gamma. In the absence of any intentional stimulation,
significant IL-6 was detected in the monkey but not human blood culture, which
was further upregulated following PHA or PMA and Iono stimulation. IFN gamma
and TNF alpha were both detected in the human cultures stimulated with PHA,
unlike the monkey where there was minimal secretion of TNFalpha, and no evidence of IFN gamma. In both the human and monkey cultures stimulation with
PMA/Iono resulted in the detection of abundant levels of IL-2, IL-4, IL-5, IL-6,
TNF alpha and IFN gamma. This study has confirmed the utility of the cytokine
bead array to perform multiplex analysis in the cynomolgus monkey using as little
as fifty microlitres of sample, an important consideration on toxicology studies
where the volume of sample available for analysis is invariably limiting. Further
these finding illustrate that whilst the response of human and cynomolgus monkey
peripheral blood leukocytes to mitogenic stimuli is broadly similar, that there are
subtle quantitative and qualitative differences in the regulation of cytokine release
between these species, which may be an important consideration when extrapolating toxicology data from studies using immunomodulatory drugs.

1746

EVALUATION OF DRUG-INDUCED ALTERATIONS IN
LYMPHOID TISSUES BY LASER SCANNING
CYTOMETRY

J. A. Wijsman, L. A. Obert, J. R. Piccotti, R. E. Guzman and R. W. Dunstan.
Safety Sciences Michigan, Pfizer, Ann Arbor, MI.
This work demonstrates the ability of laser-scanning cytometry (LSC) to quantitatively monitor changes in B- and T-cell populations in rat lymphoid tissue sections.
Male Sprague-Dawley rats received intraperitoneal injections of sterile saline (vehicle) or cyclophosphamide (6 mg/kg) for 14 days to induce immunosuppression.
On day 10, rats received keyhole limpet hemocyanin (KLH) (100 mg/animal) intravenously to induce a T-cell dependent antibody response. Animals were sacrificed on day 15, and spleen and thymus organ weights were recorded. Anti-KLH
IgM endpoint titers were measured using an enzyme-linked immunoabsorbent
assay (ELISA). Formalin-fixed, paraffin-embedded samples of spleen, thymus and
mesenteric lymph node were routinely processed and stained with hematoxylin and
eosin for histologic evaluation by a pathologist. T-cell (CD3) and B-cell (CD79acy)
populations were assessed morphometrically using LSC in the phantom imaging
(sterology) mode. Cyclophosphamide treated rats had a mean 98% decrease in antiKLH IgM response, decreased splenic and thymus weights (30% and 25%, respectively), and histopathological evidence of lymphoid depletion in the spleen. LSC
analysis of T-cell populations revealed no significant differences in the spleen (12.0
± 2.3% vs. 13 ± 1.6%), thymus (83.7 ± 5.3 vs. 92.1 ± 1.7) or mesenteric lymph
nodes (29.5 ± 5.4 vs. 37.8 ± 5.5) in vehicle vs. treated animals. Examination of Bcell populations revealed significant decreases in the spleen (29.5 ± 3.1 vs. 10.3 ±
1.4) and mesenteric lymph nodes (12.9 ± 2.7 vs. 3.8 ± 0.9) of treated animals. In
summary, LSC can be used to quantitate T- and B-cell populations in rat lymphoid
tissues and these data can be shown to correlate with serologic evidence of decreased
IgM. Since this work demonstrates the feasibility of LSC analysis of lymphoid cell
populations in tissue sections, analysis of other cell populations and subsets should
be possible in lymphoid tissues as well as in other organ systems.
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CRYO TISSUE MICRO ARRAYS – A NOVEL APPROACH
TO HIGH THROUGHPUT THERAPEUTIC
BIOPHARMACEUTICAL SCREENING

A. Postoyalko. Covance Laboratories LTD., Harrogate, United Kingdom. Sponsor:
D. Everett.
This poster presents the development of Cryo Tissue Micro Arrays (cTMA) specifically for the assessment of tissue cross reactivity (TCR) in the screening of potential therapuetic biopharmaceuticals.
Due to the differing nature of biopharmaceuticals the preclinical testing program
needs to be individually designed, as it is generally not appropriate to follow the
pharmaceutical safety testing program traditionally used for small molecules. One
aspect of this program is the assessment of TCR on cryo preserved tissues.
Classical Histological techniques for the preparation of cryo preserved tissues generally relies on a single tissue sample per slide and although numerous methods
have been used to increase the number of tissue samples presented on a slide, the
number of tissue samples presented has been limited.
In 1998, Kononen et al. first described tissue micro array technology and although
subsequent emphasis has been with tissue micro arrays prepared from fixed paraffin
processed tissues using manual tissue arrayers (Beecher Instruments Inc), there has
been little interest with the preparation of cTMA. Problems encountered in the
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preparation of cTMA’s include the maintenance of tissues to remain frozen and
morphology associated with the preparation of cryo-sections from cryo preserved
tissues.
With this in mind, a technique has been developed where up to 200 tissue cores of
1.5mm in diameter can be presented on a single slide.
This has allowed for the high throughput screening of biomarpharmaceuticals to
assess potential TCR as well as the efficient analysis of biomarkers as potential indicators of toxicology.
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VALIDATION OF A SEMI-QUANTITATIVE BIOASSAY
WITH AN ELISA ENDPOINT FOR THE DETECTION OF
NEUTRALIZING ANTI-PROTEIN-X ANTIBODIES IN
HUMAN SERUM

G. Pinard1, M. Poirier1, B. Ruelland1, H. Harouchi1, L. LeSauteur1, D. FincoKent2, X. Guo2 and T. Kawabata2. 1Immunology Laboratory Sciences, Charles River
Laboratories Preclinical Montréal, Senneville, QC, Canada and 2Safety Sciences,
Immunotoxicology Laboratory, Pfizer Global R&D, Groton, CT.
Pharmacologic activity of protein drugs may be neutralized with the development
of anti-drug antibodies. A semi-quantitative bioassay for the detection of antiProtein-X neutralizing antibodies was developed and validated. Binding of ProteinX to the cell-surface receptor results in a concentration-dependent receptor internalization followed by degradation and/or sequestering. Receptor expression of cell
lysates was measured using an ELISA specific for the receptor. If neutralizing antibodies were present, it would inhibit Protein-X binding to the receptor and attenuate receptor internalization.
Validation parameters included: cut-point determination in the presence and absence of Protein-X, specificity and recovery, precision, defining the linear region for
neutralizing activity, sensitivity, and sample stability. The cut-point factor was calculated based on the 95th percentile of the normal distribution of the mean response of 25 lots of normal serum and 25 lots of serum from the target population
tested on three occasions. The intra- and inter-assay precision of the dose-response
curve met the acceptance criteria (CV ≤ 25%) for the concentrations in the linear
portion of the curve. The inter-assay precision of the low, medium and high positive control (%CV) was of 32.9, 28.0 and 26.2% respectively. The linear region of
the neutralizing activity of the monoclonal antibody positive control (PC) was between 1 to 19 ng/mL of detected Protein-X. Based on the PC, the assay sensitivity
was 2.5 mg /mL human serum.
Validation results demonstrated that this cell-based method is suitable for the detection of neutralizing anti-Protein-X antibodies in human serum.
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DISTINCTIVE GENE EXPRESSION PATTERNS IN
THYMUSES EXPOSED TO ATROPHY-INDUCING
CHEMICALS

K. Nohara1, K. Ao1, Y. Miyamoto1, C. Tohyama2, T. Kobayashi1, H. Sato3 and
T. Ito1. 1National Institute for Environmental Studies, Tsukuba, Japan, 2CDBIM,
University of Tokyo, Tokyo, Japan and 3IMMD, Tokyo, Japan.
Various environmental chemicals are reported to induce thymus atrophy and/or
cause immune suppression. Since some of them are known to activate transcription
factors or nuclear receptors to exert their biological functions, characterization of
the changes in gene expression in the thymuses exposed to this category of chemicals might effectively reveal the distinctive and common biological pathways involved in thymus atrophy and possibly in immune suppression. In the present
study, C57BL/6 mice were exposed to 2,3,7,8-tetrachlrodibenzo-p-dioxin
(TCDD), sodium arsenite (NaAsO2), perfluorooctane sulfonate (PFOS), β-estradiol (E2), and a synthetic glucocorticoid dexamethasone (DEX) at doses that reduce thymus weight by 30-50%. These chemicals activate the aryl hydrocarbon receptor (AhR), Nrf2, PPARα, estrogen receptor (ER) and glucocorticoid receptor
(GR), respectively. The total RNAs were prepared from the thymuses at 24h after
administration and the changes in the gene expression were examined using
GeneChip Mouse Genome 430 2.0 arrays (Affymetrix) to explore the causative
genes of atrophy induction. The analyses revealed that NaAsO2 down-regulates a
group of genes including E2F, cyclins and CDCs, that are involved in a pathway
regulating the cell cycle. DEX up-regulated the GC-induced leucine zipper
(GCLZ) gene, that is reported to be responsible for glucocorticoid-induced thymus
atrophy. Up-regulation was also recorded in some other genes that are found to interact with GCLZ. On the other hand, TCDD affected only a small number of
genes. E2 and PFOS barely showed prominent changes in gene expression. These
results suggest that NaAsO2 and DEX induce thymus atrophy by affecting individually distinctive pathways. However, TCDD, E2 and PFOS either do not induce
thymus atrophy through direct gene expression changes, or they affect so small a
population of thymocytes that changes in gene expression could not be detected in
analyses of a whole population of thymocytes.
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GENE EXPRESSION ALTERATIONS IN IMMUNE
SYSTEM PATHWAYS FOLLOWING EXPOSURE TO
IMMUNOSUPPRESSIVE CHEMICALS

R. Patterson1, N. Walker1, K. White, Jr.2, R. Brown2, D. Musgrove2, S.
Harrison1 and D. Germolec1. 1NIEHS, Research Triangle Park, NC and 2Virginia
Commonwealth University, Richmond, VA.
Exposure to xenobiotics can affect a number of adverse immunological outcomes,
including susceptibility to infectious disease, hypersensitivity, and autoimmunity.
Diethylstilbestrol (DES), Dexamethasone (DEX), Cyclophosphamide (CPS), and
2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD) are immunosuppressive chemicals
that can induce similar pathophysiological endpoints in the thymus, however the
mechanism of toxicity is different for each compound. The primary goals of this
study were to examine differential gene expression in thymus following chemical
exposure, to correlate those changes with functional immune endpoints and the
known mechanisms of action, and to compare the genomic response in thymus and
spleen. RNA from thymus and spleen was analyzed using a custom Illumina
SentrixTM Array Matrix (SAM) and BeadStudio software. While DES induced the
greatest number of changes in gene expression in the spleen, DEX had the greatest
impact in the thymus. Both thymus and spleen from mice treated with TCDD exhibited the smallest number of alterations in gene expression. Many of the genes
differentially expressed in thymus are known to play a role in apoptosis, response to
biotic stimulus, immune cell proliferation and activation, and inflammation. In
contrast to the spleen, a significant number of genes in the thymus were regulated
by 3-4 chemicals. Genes modulated by all four chemicals in thymus include: upregulation of Apoe, caspase 1, interferon gamma(IFN) inducible protein 16, pre-B cell
enhancing factor 1, lymphocyte antigen 6a, and downregulation of cyclin D3,
CDK2, T-cell transcription factor, T-cell activation linker, and IFN receptor. These
findings are consistent with observed alterations in immune function. Genomic
analysis revealed several gene expression changes that may be commonly associated
with xenobiotic-induced immune system perturbations, as well as distinct gene profiles that may be related to chemical-specific cellular targets and modes of action.
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OLFACTORY TRANSPORT OF MANGANESE TO THE
BRAIN IS ENHANCED BY ANEMIA AND INVOLVES
DIVALENT METAL TRANSPORTER-1

K. Thompson1, 2, R. Molina2, T. Donaghey2, J. Brain2 and M. WesslingResnick1. 1Genetics and Complex Diseases, Harvard School of Public Health, Boston,
MA and 2Environmental Health, Harvard School of Public Health, Boston, MA.
Manganese neurotoxicity can result from chronic inhalation exposure with the
route of exposure involving lung and/or nasal/olfactory pathways. To test the hypothesis that Divalent Metal Transporter 1 (DMT1) may play a role in pulmonary
and olfactory manganese (Mn) transport, we have studied the Belgrade rat, an animal model of anemia with impaired DMT1 function. Belgrade homozygous (b/b)
rats and heterozygous (+/b; diet-control) rats fed an iron-supplemented diet and
heterozygous (+/b; anemia-control) rats fed an iron-deficient diet were administered 54Mn by intravenous (IV) injection, intratracheal (IT) instillation, or intranasal (IN) instillation for pharmacokinetic studies. Pharmacokinetics of IV- and
IT-instilled 54Mn were similar for all three groups of rats. However, 54Mn transport to the blood was significantly suppressed in Belgrade b/b rats following IN instillation. Microdissection of brains 7 days post-IN instillation revealed that irondeficient +/b (anemia-control) rats had enhanced transport of 54Mn to the basal
ganglia that was not detected in either +/b diet-control or b/b rats fed the iron-supplemented diet. T1-weighted magnetic resonance imaging (MRI) of rats instilled
with MnCl2 confirmed that iron deficiency enhanced olfactory uptake of manganese to the brain and promoted accumulation of this toxic metal in the basal ganglia and hippocampus. DMT1 mRNA was localized to neurons in the olfactory
bulb and levels were increased in anemic animals as detected by in situ hybridization. These combined results support a role for DMT1 in nasal/olfactory Mn uptake and demonstrate that anemia enhances Mn transport to regions of the brain
often damaged due to Mn neurotoxicity.

1752

TISSUE DISTRIBUTION OF MANGANESE IN IRON
SUFFICIENT OR IRON DEFICIENT RATS AFTER
STAINLESS STEEL WELDING-FUME EXPOSURE

J. D. Park1, E. S. Park2, K. Y. Kim1, D. W. Kim1, S. J. Choi1, Y. H. Chung3, J.
H. Sung3, J. H. Han3, J. S. Lee3 and I. J. Yu3. 1Preventive Medicine, Chung-Ang
University, Seoul, South Korea, 2Pathology, Chung-Ang University, Seoul, South
Korea and 3Laboratory of Occupational Toxicology, Chemical Safety & Health
Research Center, Occupational Safety & Health Research Institute, KOSHA, Daejeon,
South Korea.
Welders could be exposed to high levels of manganese through welding fumes.
Although it has been known that manganese causes neurotoxicity, the pathway of
manganese transport to brain after welding fume exposure remains unclear. Iron is

an essential metal, which maintains homeostasis in the body. The divalent metal
transporter 1 (DMT1) transports iron and other divalent metals including manganese. The depletion of iron has been known to up-regulate DMT1 expression. In
this study, tissue distribution of manganese was investigated after welding fume exposure in iron sufficient or iron deficient rats. Feeding of iron deficient diet for 4
weeks induced the depletion of body iron, such as decreased iron levels in serum
and tissues, and up-regulated DMT1 expression in the rat duodenum. The iron
sufficient or the iron deficient rats were then exposed to welding fumes generated
from manual metal arc-stainless steel at concentration of 63.5 mg/m3 for 2 h per
day over a 30 days period. Animals were sacrificed at day 1, 15 and 30. The level of
body iron in the iron deficient rats was restored to the control level after welding
fume exposure. The tissue distributions of manganese after welding fume exposure
were shown as similar patterns in both the iron sufficient and the iron deficient
groups. The concentration of manganese increased at day 15 and 30 in the lungs
and liver, and at day 30 in the olfactory bulb. Slight increases of manganese were
observed in the brain. These findings suggest that manganese transport to brain
could use the olfactory pathway in limited fashion.
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EFFECT OF DOPAMINE TRANSPORTER BLOCKADE
ON DIETARY IRON/MANGANESE INTERACTIONS IN
THE DEVELOPING MALE RAT BRAIN
K. Erikson and J. Anderson. Nutrition, The University of North Carolina
Greensboro, Greensboro, NC.
In this ongoing study, the effect of the dopamine transporter (DAT) inhibitor GBR
12909 (GBR) on dietary iron and manganese (Mn) interaction in the developing
rat brain was examined. DAT has been implicated in the specific accumulation of
Mn in dopamine-rich brain regions due to toxicological exposure. To examine effects of DAT blockade on Mn accumulation in vivo, weanling male SpragueDawley rats were randomly placed into one of four dietary treatment groups: control (CN), iron-deficient (ID), control with Mn supplementation (via the drinking
water; 1g Mn/L) (CNMn), and ID with Mn supplementation (IDMn). We utilized
the ID diet because it is known to enhance brain Mn accumulation. Within each
dietary group, half of the rats received intraperitoneal injections of GBR, 1 mg/kg
(ED-50), three times per week and the other half received saline injections. After
four weeks of dietary and pharmacological intervention, rats were killed and brain
regions removed including caudate putamen (DAT-rich region). Brain regions were
analyzed for Mn using graphite furnace atomic absorption spectrometry (GFAAS).
Mn concentrations were higher in the Mn-supplemented groups relative to the
non-supplemented groups in most brain regions (p<0.05). In the CN, CNMn and
IDMn treated rats receiving GBR, Mn concentrations were lower in caudate putamen compared to saline treated rats; the ID group was unaffected by GBR. To more
directly examine the effect of DAT blockade on Mn uptake, we utilized striatal
synaptosomes incubated with or without 1µM GBR and 0.5mM MnCl2. Utilizing
GFAAS, we found that those treated with GBR had Mn concentrations lower than
the non-treated group. It should be noted that when these striatal synaptosomes
were incubated with 0.5mM MnCl2 alone, 3H-dopamine uptake was unaffected
suggesting Mn does not directly interact with DAT. Overall, these data demonstrate
that DAT blockade effectively decreased Mn accumulation in the striatum of Mn
supplemented rats. Supported by NIEHS ES013791-01
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SUBCELLULAR REDISTRIBUTION OF IRON RESPONSE
ELEMENT (IRE)-CONTAINING TRANSPORTERS IN
INTACT RAT CHOROID PLEXUS FOLLOWING
EXPOSURE TO INORGANIC Mn OR Fe
X. Wang1, D. S. Miller2 and W. Zheng1. 1Health Sciences, Purdue University, West
Lafayette, IN and 2NIH/NIEHS, Research Triangle Park, NC.
The blood- cerebrospinal fluid (CSF) barrier (BCB) resides within the choroid
plexus. Our previous work shows that Mn exposure increases the expression of divalent metal transporter-1 (DMT1) and transferrin receptor (TfR) by stabilizing
the binding of iron regulatory protein-1 to IRE-containing mRNAs encoding these
transporters, leading to a disrupted Fe homeostasis in the CSF. In the present study,
we used confocal microscopy to investigate the subcellular localization of DMT1,
metal transporter protein-1 (MTP1) and TfR in choroid plexus before and after
Mn or Fe exposure. In control tissue, DMT1 was primarily concentrated below the
apical plasma membrane (brush border), MTP1 was diffusive within cytosol, and
TfR was mostly perinuclear. DMT1 distribution was not altered by 1-10 µM Mn
or Fe. However, following Mn or Fe exposure MTP1 moved from cytosol toward
the apical pole of plexus cells; this redistribution was evident at 1 µM Mn and 1
µM Fe. A time course study indicated that the movement of MTP1 occurred
within 30 min after Mn exposure (100 µM); by 1 hr, nearly all of the MTP1 staining was found beneath the brush border membrane. Exposure to Mn or Fe caused
some redistribution of TfR to the apical pole, but most of TfR remained around the
nucleus. Nocodazole, a microtubule inhibitor, blocked the Mn or Fe-initiated subcellular relocation of MTP1 and TfR. Quantitative real-time RT- PCR revealed a
significant increase of TfR mRNA after Mn exposure (10 µM). Thus, Mn and Fe
exposure cause a definite dynamic subcellular redistribution of MTP1 and TfR in
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the BCB. It is not yet clear how this redistribution would affect Fe and Mn homeostasis in the CSF, what cellular organelles are involved in metal transporter relocation, and which factors coordinate the function of metal transporters in brain barriers. (Supported by NIH/NIEHS RO1 ES08164)
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DETERMINATION OF BRAIN MANGANESE
ACCUMULATION USING MAGNETIC RESONANCE
IMAGING (MRI) AND ATOMIC ABSORPTION
SPECTROSCOPY
N. Zhang1, V. A. Fitsanakis2, J. G. Anderson3, K. M. Erikson3, J. C. Gore1, 5,
M. J. Avison1 and M. Aschner2, 4, 5. 1Radiology, Vanderbilt University Institute of
Imaging Science, Nashville, TN, 2Pediatrics, Vanderbilt University MED. Ctr,
Nashville, TN, 3Nutrition, University of North Carolina-Greensboro, Greensboro,
NC, 4Pharmacology, Vanderbilt University MED. Ctr, Nashville, TN and 5Kennedy
Ctr, Vanderbilt University MED. Ctr, Nashville, TN.
Manganese (Mn), an essential metal, is neurotoxic at high levels. However, Mn toxicity is usually associated with specialized occupations, such as Mn mining and potentially welding. Additionally, patients with liver failure, those receiving parenteral
nutrition or individuals with iron (Fe) deficiency demonstrate increased brain Mn
deposition on T1-weighted magnetic resonance images. In order to characterize the
temporal deposition of brain Mn during chronic exposure, two groups of adult
male Sprague-Dawley rats were imaged over the course of 14 weeks. The control
group received normal dietary levels of Mn, while treated animals were given
weekly intravenous injections of 3 mg Mn/kg. Animals were weighed weekly, a
measure of general health, and imaged every two weeks to determine the temporal
pattern of brain Mn deposition. At the conclusion of the study, blood was collected,
brains were removed and dissected into various regions (cerebellum, brain stem,
midbrain, hippocampus, striatum or cortex) and the amount of Mn and Fe determined. Treated animals weighed significantly less than controls beginning at week 2
and continuing throughout the course of the study (p < 0.05). MRI data indicate
that treated animals have a significant accumulation of Mn in the olfactory bulb,
hippocampus, periventricular zone and cerebellum. Atomic absorption spectroscopy confirmed increased brain Mn, but not Fe, levels in the cerebellum, brain
stem and hippocampus. These data will be used as baselines to determine whether
Fe deficiency changes brain Mn deposition patterns, and what effect Fe repletion
may have on the ability to ameliorate brain Mn accumulation.
Supported by DoD Mn Health Research Project (04149002) and NIEHS ES
007331.
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OXIDATIVE STRESS AND IMPAIRED ENERGY
METABOLISM AFTER EXPOSURE TO MANGANESE
V. A. Fitsanakis1, D. Milatovic1, R. C. Gupta2 and M. Aschner1, 3, 4. 1Pediatrics,
Vanderbilt University Medical Center, Nashville, TN, 2Murray State University,
Hopkinsville, KY, 3Pharmacology, Vanderbilt University MED. Ctr, Nashville, TN
and 4The Kennedy Center, Vanderbilt University MED. Ctr, Nashville, TN.
Chronic exposure to the divalent heavy metal, manganese (Mn) has been linked to
development of severe and irreversible neurological disorders as well as a possible
increased risk for developing Parkinson’s disease. Although the mechanisms by
which Mn induces neuronal cell death are not well defined, its neurotoxicity appears to be regulated by a number of factors, including mitochondrial dysfunction
and oxidative injury. It is well-established that astrocytes are critical in protecting
the more sensitive neurons from Mn-induced neurotoxicity. To investigate the
mechanisms underlying this neurotoxicity, we studied the effects of Mn on reactive
oxygen species (ROS) formation and changes of high-energy phosphates (HEP) in
neonatal rat primary astrocytes. Cells were exposed to 100 µM or 500 µM MnCl2
and biomarkers of oxidative damage, F2-isoprostanes (F2-IsoPs) were quantified at
30 min or 2 hours after exposure. Both concentrations of Mn induced significant
increases (p < 0.05) in F2-IsoP formation with the highest increase (169%) found
with 500 µM at 2h exposure. Also, after 30 min of exposure to Mn, values for ATP
and energy charge potential markedly declined to 37% and 84% of control, respectively. These results are consistent with reports indicating that oxidative stress and
mitochondrial dysfunction play major roles in Mn-induced neurotoxicity.

1757

MN SELECTIVELY ALTERS THE EXPRESSION OF A
SUBSET OF GENES LIKE THOSE ENCODING
PROINFLAMMATORY FUNCTIONS IN PRIMARY
HUMAN ASTROCYTES
S. M. Mense1, C. Lan1, A. Sengupta1, M. Zhou1, G. Bentsman2, D. J. Volsky2,
J. H. Graziano1 and L. Zhang1. 1Environmental Health Sciences, Columbia
University, New York, NY and 2Molecular Virology Division, Columbia University,
New York, NY.
Exposure to manganese (Mn) in adult humans has long been known to cause neurotoxicity. Recent evidence also suggests that Mn exposure in children is associated
with developmental neurotoxicity. Astrocytes are critical for the proper functioning

360

SOT 2006 ANNUAL MEETING

of the nervous system, and they play active roles in neurogenesis, synaptogenesis
and synaptic neurotransmission. In this report, to help elucidate the molecular
events underlying Mn neurotoxicity, we systematically identified the molecular targets of Mn in primary human astrocytes by using microarray gene expression profiling and sophisticated computational data analysis algorithms. We found that Mn
altered the expression of diverse genes ranging from those encoding cytokines and
transporters to signal transducers and those involved in development. Particularly,
28 genes encoding proinflammatory chemokines, cytokines and related functions
were up-regulated whereas 15 genes encoding functions involved in DNA replication and repair and cell cycle checkpoint control were down-regulated. In addition,
analysis of common regulators revealed that 16 targets known to be positively affected by the INF-γ signaling pathway were also up-regulated by Mn, suggesting
that the proinflammatory INF-γ signaling pathway was likely activated. These results together raise the possibility that inflammatory activation of astrocytes and the
increased expression of proinflammatory cytokines and chemokines and/or the activation of their signaling pathways might be an important mechanism leading to
Mn neurotoxicity.

1758

TIME COURSE OF P38-ALPHA PHOSPHORYLATION IN
N9 MICROGLIAL CELLS FOLLOWING EXPOSURE TO
MANGANESE IN VITRO

P. L. Crittenden and N. M. Filipov. CEHS, Basic Sciences, Mississippi State
University, Mississippi State, MS.
Activated microglia produce proinflammatory cytokines and other inflammatory
mediators that may be involved in neurodegenerative diseases such as Parkinson’s
Disease (PD). Manganese (Mn) neurotoxicity resembles many of the features of PD
and we have already shown that Mn can enhance the production of inflammogen
(lipopolysaccharide; LPS)-induced proinflammatory cytokines such as IL-1β, IL-6,
and TNF-α. Additionally, we have demonstrated that the enhanced cytokine production is dependent upon p38-alpha mitogen activated protein kinase alpha
(p38α) and NF-κB. The first objective of this study was to determine whether Mn
activates p38α on its own and/or enhances LPS induced p38α activation. A second
objective was to evaluate the time course of the p38α activation caused by Mn and
Mn+LPS exposure. N9 microglial cells were exposed to Mn, LPS, or Mn+LPS for
various time periods. Because the activation of p38α is phosphorylation-dependent, at the end of the various exposure durations, cell lysates were isolated and examined by western blot with antibodies specific for the phosphorylated p38α.
Manganese alone increased p38α phosphorylation for up to 4 h; the increase
caused by 100 and 250µM was the greatest after 30min of exposure, whereas the
highest level of p38α phosphorylation caused by 500µM Mn was observed at 4 h.
Similar effects were observed with Mn+LPS. However, Mn-caused phosphorylation
of p38α was further increased by the addition of LPS and the greatest effect of the
Mn+LPS combination occurred after 1 h exposure. Preliminary data also indicates
that the Mn+LPS-induced phosphorylation of p38α apparently persists beyond 4
h. Thus, sustained activation of p38α appears to be a key factor for the Mn-caused
enhanced production of inflammatory cytokines by activated microglia and it may
be contributing to the mechanism(s) of Mn neurotoxicity. Supported by NIEHS
ES11654.
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MANGANESE POTENTIATES NFκB-DEPENDENT
EXPRESSION OF INOS THROUGH ACTIVATION OF β1
INTEGRIN AND ERK

J. A. Buffington, W. Liu and R. B. Tjalkens. Environmental and Radiological
Health Sciences, Colorado State University, Ft. Collins, CO.
Manganism is a neurodegenerative disease that affects the basal ganglia with an increase in neuronal injury and astrocytosis, which can produce neurotoxic levels of
inflammatory mediators such as nitric oxide (NO) and pro-inflammatory cytokines, including tumor necrosis factor-alpha (TNFα) and interferon-gamma
(IFNγ). Previous studies from our laboratory demonstrated that Mn dramatically
potentiates cytokine-induced expression of inducible nitric oxide synthase (NOS2)
and production of NO by a mechanism involving nuclear factor kappa B (NF-kB).
The present studies postulated that upstream signaling events involving extracellular responsive kinase (ERK) underlie the capacity of Mn to enhance cytokine-dependent activation of NF-kB. Production of NO was assessed by live-cell fluorescence imaging and functional activation of NFkB was similarly determined in live
astrocytes isolated from a unique transgenic mouse expressing an NF-kB-green fluorescent protein (GFP) reporter construct. Expression of nitric oxide synthase 2
(NOS2) mRNA was measured using real-time rtPCR, and phosphorylation of extracellular responsive kinase (ERK) was assessed by immunoblotting. In primary astrocytes treated with 10 µM Mn or TNFα/IFNγ individually, only a slight increase
in production of NO and expression NOS2 mRNA was observed, whereas combined treatment strongly potentiated both steady state levels of mRNA and production of NO. The intensity of GFP fluorescence in transgenic astrocytes was also

markedly increased by combined exposure to Mn and TNFα/IFNγ.
Phosphorylation of ERK rapidly increased upon exposure to Mn and TNFα/IFNγ
but was largely abrogated by pretreatment with a blocking antibody to β1 integrin.
These data indicate that low concentrations of Mn potentiate cytokine-induced
NO production and expression of NOS2 through activation of β1 integrin and
subsequent ERK-dependent enhancement of NFkB signaling. This work was supported by NIH/NIEHS1R01ES012941 (RBT) and by a career development award
from the American Chemistry Council (RBT).
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ASTROGLIOSIS AND OVEREXPRESSION OF
INDUCIBLE NITRIC OXIDE SYNTHASE (NOS2)
CORRELATE WITH NEURONAL INJURY IN A MOUSE
MODEL OF MANGANESE NEUROTOXICITY

K. A. Sullivan1, X. Liu2 and R. B. Tjalkens1. 1Colorado State University, Fort
Collins, CO and 2Texas A&M University, College Station, TX.
Chronic exposure to elevated levels of Manganese (Mn) induces astrogliosis and
neuronal degradation, resulting in parkinsonian deficits. Astrocytes are a critical
early target of Mn that are thought to influence neuronal injury through overproduction of inflammatory mediators. Presently, we postulated that activated astrocytes in mice subchronically exposed to moderate levels of Mn would increase expression of inducible nitric oxide synthase (NOS2), leading to neuronal injury
through elevated production of nitric oxide (NO). C57Bl/6J mice were exposed to
100 mg/kg MnCl2 for 8 weeks by daily intragastric gavage and evaluated for neuronal injury histopathologically by staining with fluorojade and cresyl violet.
Astrogliosis and levels of NO were examined by immunohistochemistry, and expression of NOS2 and glial fibrillary acidic protein (GFAP) were determined by
immunofluorescence in histologic sections as well as in primary cultures of astrocytes. Fluorojade and cresyl violet staining revealed a marked increase in the number of dying neurons in both the striatum and globus pallidus of Mn-exposed mice.
Immunohistochemical analysis of treated tissue sections demonstrated a substantial
increase in astrogliosis and production of NO in the same regions of the striatum
and globus pallidus that evinced the highest levels of neuronal injury. Co-immunofluorescence revealed that only activated astrocytes expressed NOS2, and these astrocytes were evident in the same regions in which neuronal injury occurred.
Cultured primary astrocytes also strongly upregulated both GFAP and NOS2 upon
co-exposure to low levels of Mn and the pro-inflammatory cytokines tumor necrosis-alpha and interferon-gamma. Collectively, these data strongly implicate astroglial-derived NO in neuronal injury within the striatum and globus pallidus following sub-chronic exposure to Mn in C57Bl6/J mice. This work was supported by
NIH/NIEHS1R01ES012941 (RBT) and by a career development award from the
American Chemistry Council (RBT).

1761

MANGANESE SUPPRESSES THE PROPAGATION OF
INTERCELLULAR CALCIUM WAVES IN ASTROCYTE
NETWORKS THROUGH ALTERATION OF
MITOCHONDRIAL CALCIUM DYNAMICS

B. Mohl1, R. Mouneimne2, M. Zoran3 and R. B. Tjalkens1. 1Environmental and
Radiological Health Sciences, Colorado State University, Ft. Collins, Co., 2Integrative
Biosciences, Texas A&M University, College Station, TX and 3Biology, Texas A&M
University, College Station, TX.
The neurotoxicity of manganese (Mn) is due in part to glutamate excitotoxicity.
Release of ATP by astrocytes is a critical modulator of glutamatergic neurotransmission, which is regulated by calcium (Ca2+) waves that move through astrocytic
networks in response to neuronal action potentials. It was postulated that Mn alters
ATP-dependent intracellular Ca2+ dynamics in astrocytes, thus suppressing Ca2+
wave activity. Confluent primary cultures of astrocytes were examined by fluorescence microscopy for cytosolic Ca2+ wave activity following mechanical stimulation
of a single cell. Mitochondrial Ca2+ was also evaluated microscopically following
addition of ATP using the mitochondrial-specific Ca2+ dye, rhod-2-AM. Imaging
studies revealed that pretreatment of astrocytes with 1 -10 µM Mn2+ significantly
reduced the rate, extent, and amplitude of mechanically-induced Ca2+ wave activity.
This attenuation was not a result of inhibited mitochondrial calcium uptake, because robust calcium waves were still observed following pre-treatment of astrocytes
with Ru360, an inhibitor of mitochondrial Ca2+ uptake, either in coupling or uncoupling conditions. However, determination of ER Ca2+ levels in cells using the
sarco/endoplasmic reticulum Ca-ATPase inhibitor, thapsigargin, indicated that
Mn2+ reduced the available pool of releasable ER Ca2+ at concentrations as low as 1
µM. Examination of ATP-stimulated changes in mitochondrial Ca2+ indicated that
in cells pre-treated with Mn, mitochondria retained high levels of Ca2+. It is concluded that exposure of astrocytes to low concentrations of Mn2+ results in sequestration of Ca2+ within the mitochondria, reducing the available pool of releasable
Ca2+ within the ER, thereby diminishing calcium wave activity. This work was supported by NIH/NIEHS1R01ES012941 (RBT) and by a career development award
from the American Chemistry Council (RBT).
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EFFECT OF PB, MN AND PB/MN METAL MIXTURES
ON RAT HIPPOCAMPAL NEURON VIABILITY

R. R. Reams1 and A. P. Stephenson1. 1College Of Pharmacy, Florida A&M
University, Tallahassee, FL and 2College of Pharmacy, Florida A&M University,
Tallahassee, FL.
Most toxicological studies focus on the health effects of single substance exposure
rather than effects of multiple substances exposure. In this study we have used cell
viability and neurite outgrowth as endpoints for studying neurotoxicity resulting
from exposure of hippocampal neurons to a metal mixture composed of lead acetate and manganese chloride. Both metals are divalent cation and are well studied
environmental toxicants. Each has,separately, been shown to promote neurite outgrowth in neuronal-like cells by modifying signals transduced from the cell membrane. This study tested whether exposure to a combination of Mn and Pb would
result in effects different from those seen with the individual metals. Fully differentiated embryonic (E18) hippocampal neurons were exposed to either Pb (1 to 500
uM; Mn (1 to 500uM)or to the Pb/Mn mixture (10 uM to 0. 3 uM) for 24 hours.
Pb did not compromise cell viability of the differentiated hippocampal neurons at
any of the concentrations tested. However, 1 uM manganese chloride killed more
than 70% of the neurons. Hippocampal neurons grown on astrocyte feeder layers
were less vulnerable to manganese chloride than neurons grown in the absence of
feeder layers. Sublethal concentrations of the Pb/Mn metal mixture were more sensitive to metal neurotoxicty in the absence of astrocytes feeder layers. These findings
are in agreement with the open literature. The second part of this study tests
whether exposure to a combination of Mn and Pb would result in effects on neurite
outgrowth different from those seen with the individual metal. These results will be
discussed.
Supported by ATS/DR and Minority Health Professions Cooperative Agreement #
U50ATU473408-03.
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EFFECTS OF MANGANESE CHLORIDE ON 3
ISOFORMS OF DIVALENT METAL TRANSPORTER
KNOCKOUTS IN Caenorhabditis elegans

C. Au1, J. G. Anderson2, K. M. Erikson2, R. Nass3 and M. Aschner4. 1Center of
Molecular Neuroscience, Vanderbilt University MED.. Ctr., Nashville, TN,
2
Department of Nutrition, University of North Carolina-Greensboro, Greensboro, NC,
3
Department of Anaesthesiology, Vanderbilt University, Nashville, TN and
4
Department of Pediatrics, Vanderbilt University MED.. Ctr., Nashville, TN.
Manganese (Mn) is a trace element that is essential for normal human development. It is important in many cellular functions and enzymatic reactions. Mn is
transported into the brain, at least in part, by the divalent metal transporter
(DMT). Mn toxicity was tested in the nematode, Caenorhabditis elegans (C. elegans)
using one wild-type (N22) and three different DMT isoform knockout (KO)
(DMT1: IG6, DMT2: VC171 and DMT3: RB1074) strains. Our working hypothesis is that reduced DMT expression is associated with attenuated Mn toxicity.
All strains of worms were obtained from Caenorhabditis Genetic Center database.
Synchronized worms were exposed to 0-10 M MnCl2 for 30 minutes, and the
number of live worms remaining was determined. There was a significant difference
(p < 0.05) in viability between control (LC50 = 0.01408 M), DMT1 KO (LC50 =
0.04392 M) and DMT2 KO (LC50 = 0.09902 M) but not DMT3 KO (LC50 =
0.02881 M), indicating that DMT1 and DMT2 KOs are less susceptible to Mn
toxicity, while the DMT3 KO is analogous to N22. The amount of Mn taken up by
the worms was determined by atomic absorption spectroscopy. We found a concentration-dependent increase in the relative amount of Mn retained in the worms.
The decrease in sensitivity to Mn observed is consistent with the hypothesis that
some DMT isoforms play a role in transport of Mn.
This work was funded by NIEHS grant ES007331

1764

DISRUPTION OF TRANSFERRIN RECEPTOR
PROCESSING BY LOW LEVEL MANGANESE EXPOSURE

M. Braun-Sommargren, D. Crooks and D. R. Smith. Environmental Toxicology,
University of California, Santa Cruz, CA.
Elevated manganese (Mn) exposures have been shown to cause disturbances in cellular iron (Fe) regulation akin to an ‘Fe deficiency’ response, with altered IRP-IRE
binding and expression of Fe proteins important in Fe uptake (transferrin receptor,
TfR), and storage (ferritin). The mechanistic details underlying these effects are not
well understood. We used a rat striatal GABAergic cell model (AF5) to investigate
the mechanistic basis for the Mn effects on TfR expression and processing. High
resolution western blot analyses reveled that TfR occurs as a doublet band in control cells and in cells treated with hemin or DFO to produce Fe overload or deficiency, respectively. In Mn treated cells, however, the heavier TfR band disappears
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and TfR runs as a singlet. The heavier TfR band disappears rapidly (starting at 2 hrs
Mn exposure), and is reversible, reappearing within 12 hours of removing Mn.
Samples treated with phosphatase or endoglycosidase indicate that the Mn-mediated disappearance of the heavier TfR band cannot be explained by loss of phosphorylation or glycosylation of TfR residues. Cells treated with cyclohexamide suggest that disappearance of the top band with Mn is not due to altered TfR
translation. Co-treatment with Mn and the proteasomal inhibitor PSI had no effect
on disappearance of the top band, while treatment with chloroquine prevented the
disappearance of the band, suggesting rapid lysosomal degradation is responsible
for the observed phenomenon. Mn treated AF5 cells take up significantly more fluorescently labeled transferrin compared to control cells, consistent with an overall
Fe deficiency response. Confocal double labeling with TfR in combination with cell
markers for golgi (p115), nuclear (DAPI), early endosome (Rab5), or late/sorting
endosome (Rab 11) showed that the heavier Mn-sensitive TfR band is peri-nuclear
and associated most closely with the Golgi. In conclusion, these data demonstrate
that Mn treatment directly alters TfR trafficking, and not just the overall abundance of TfR within the cell.

1765

NEUROTOXICITY OF NEONATAL MANGANESE
EXPOSURE: PERSISTENCE OF EFFECTS AND
SUSCEPTIBILITY TO OTHER AGENTS

C. Kern, R. Gwiazda and D. Smith. ETOX, UCSC, Santa Cruz, CA.
While neuromotor and neurocognitive deficits as a result of elevated manganese
(Mn) exposures in adult humans are well documented, comparatively little is
known about the potential effects of elevated Mn exposures early in life. Nutrition
studies indicate that Mn intake of infants from some well water sources and soybased formulas are 50-300 times the levels found in breast milk and may exceed the
RDA estimated safe intake range. Here we investigated the functional and cellular
neurotoxic effects of oral moderate levels of Mn exposure in the neonate rat model.
The daily dosing levels of 25mg/kg and 50mg/kg of Mn administered over post
natal day (PND) 1 - 21 were chosen based on similarity to possible human infant
Mn exposures to drinking water and some soy-based infant formulas. Neuromotor
assessments on a video track system revealed that Mn exposure significantly increased total activity measured at PND 22 and 42, but not at PND 93. On PND
109, Mn exposed animals treated with adrenergic agonist, d-amphetamine, a drug
that increases synaptic dopamine, showed significantly depressed hyperactive response as compared to non-Mn treated controls, indicating that early exposure to
Mn produced lasting neurological effects and altered susceptibility to d-amphetamine. Neurocognitive assessment on an 8-arm radial maze at PND 32-44 showed
that the Mn dosed animals took significantly longer to reach learning criteria on the
maze and made more reference errors in reaching criteria, consistent with lesion of
the caudate putamen. Immunohistochemical measures of dopamine receptors and
neurotransmitter levels are in progress in order to elucidate specific mechanisms underlying aberrations observed in this study. These data substantiate the need for additional study of motor and cognitive outcomes, followed by mechanistic evaluations, after elevated Mn exposures in the neonate model, and they raise concerns
over neonates as a susceptible population to toxic effects of elevated Mn exposures.
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EFFECT OF DIVALENT METALS MANGANESE AND
CADMIUM ON UBIQUITIN-PROTEASOME FUNCTION
AND PROTEIN AGGREGATION IN CELL CULTURE
MODELS OF PRION DISEASE: POSSIBLE ROLE OF
METALS IN PRION DISEASE PATHOGENESIS

C. J. Choi, V. Anantharam, A. Kanthasamy and A. G. Kanthasamy. Biomedical
Sciences, Iowa State University, Ames, IA.
Prion diseases are fatal transmissible neurodegenerative diseases that affect both humans and animals, and are also commonly known as transmissible spongiform encephalopathy (TSE). The change in the secondary structure of the normal cellular
prion protein (PrPc) to the abnormal infectious prion aggregates (PrPsc) is considered to be an integral process of TSE pathogenesis. The cellular factors responsible
for the conversion of PrPc to PrPsc remain to be identified. Since PrPc has divalent
metal ion binding sites in the octapeptide repeat region of the protein, we compared
the effect of various divalent metal ions on prion proteins in a cell culture model of
prion diseases. Exposure to manganese (Mn2+) and copper (Cu2+) in mouse prion
expressing cells dramatically increased the accumulation of prion proteins in the cytosolic and membrane fractions. To further determine whether the accumulation of
prion protein is due to impairment of Ubiquitin-Proteasomal System (UPS), we
tested the effect of Mn2+, and cadmium (Cd2+) on proteasomal activity and ubiquitin accumulation. Neither the proteasome activity nor poly-ubiquitinated protein
levels were altered by Mn2+ treatment. Interestingly, Cd2+ treatment significantly
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inhibited the proteasome activity and enhanced the formation of high molecular
weight ubiquitinated proteins in the detergent insoluble fraction.
Immunohistochemical and dot analyses revealed a dramatic increase in formation
of oligomeric aggregates after Cd2+ treatment. Additionally, the time course of
Cd2+ induced UPS function coincided with the cytotoxic response to Cd2+.
Collectively, these results demonstrate that certain divalent metal ions can alter the
prion protein accumulation and aggregation, possibly by interfering with UPS
function, which suggests the role divalent cation in the pathogenesis of prion diseases by promoting the conversion of normal cellular prion to the aggregated form.
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EFFECTIVE TREATMENT OF MANGANESE-INDUCED
OCCUPATIONAL PARKINSONISM WITH PAMINOSALICYLIC ACID (PAS-NA): A CASE OF 17-YEAR
FOLLOW-UP STUDY

Y. Jiang1, X. Mo2, F. Du2, H. Gao3, J. Xie4, F. Lia4, E. Pira5 and W. Zheng6.
1
Department Occup Health Toxicol, Guangxi Medical University, Nanning, Guangxi,
China, 2Department of Neurology, Guangxi Medical University, Nanning, Guangxi,
China, 3Wuzhou Center for Disease Prevention and Control, Wuzhou, Guangxi,
China, 4Wuzhou Worker’s Hospital, Wuzhou, Guangxi, China, 5Department of T.O.
& Occup Health, University of Turin, Turin, Italy and 6School of Health Sciences,
Purdue University, West Lafayette, IN.
Chronic manganese (Mn) intoxication in steel workers induced the symptoms resembling Parkinson’s disease. We report a 17-year follow-up study of treatment of
occupational Mn parkinsonism with PAS-Na. A female patient aged 50 at the beginning of treatment was exposed to airborne Mn for 21 years (1963-1984). The
patient had suffered from palpitations, hand tremor, headache, memory loss, lower
limb myalgia, hyper-myotonia, difficulty in handwriting, and a distinct festinating
gait. Urine Mn content was 3.11 ug/24h. The patient received 6 g PAS-Na per day
via intravenous dripping infusion for 4 days and rested for 3 days as one therapeutic course. Fifteen such consecutive courses were carried out between March-June
1987. At the end of PAS-Na treatment, her symptoms were significantly alleviated,
walking ability restored, and hand writing recovered to normal. During the treatment, her average urinary Mn concentration was 6.8 ug/24h, and it was 2.8 ug/24h
three months after treatment. A follow-up examination in 2004 showed a general
normal presentation in clinical, neurological, brain MRI and handwriting examinations, albeit a minor, yet passable gait. This case study suggests that PAS-Na appears
to be an effective drug for treatment of serious chronic Mn poisoning with a promising prognosis.
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GENDER DIFFERENCES IN AUTOANTIBODIES TO
NERVOUS SYSTEM PROTEINS RESULTING FROM
OCCUPATIONAL EXPOSURES TO LEAD OR MERCURY

N. M. El-Fawal1, A. M. Musa2, M. Y. Shamy2 and H. N. El-Fawal1.
1
Neurotoxicology Laboratory, Mercy College, Dobbs Ferry, NY and 2Institute of Public
Health, University of Alexandria, Alexandria, Egypt. Sponsor: J. O’Callaghan.
There is a higher prevalence of autoimmune disorders in females than in males.
Studies of neurotoxic metal exposures have reported serum autoantibodies to nervous system proteins (neurofilaments: NF; glial fibrillary acidic protein: GFAP). The
present study assessed gender differences in autoantibody titers in workers occupationally exposed to lead (Pb) at a plastic and electric company (male, n=27; female,
n=26), or mercury (Hg) at an electronic devices company (male, n=24; female,
n=21). The reference population (male, n=30;female, n=31) was from a food
preservation company, where there was no documented occupational exposure to
either metal. Subjects were demographically and socioeconomically matched. The
percentage of positive titers in workers, both male and female, exposed to either
metal were significantly higher (p< 0.01) than the reference population, as were
blood Pb and urinary Hg. Gender differences in the Pb-exposed group accounted
for significantly higher (p<0.01) percentage of anti-GFAP positive titers in males
than in females and significantly higher (p< 0.01) percentage of positive titers of
anti-NF68 in females than in males. Males in the Hg-exposed group, also, had a
significantly higher (p<0.01) percentage of positive titers for anti-GFAP, and females a significantly higher (p<0.01) percentage of anti-NF68 and anti-NF160
positive titers compared to males. There were no other significant gender differences in titers of IgG against other neuroproteins. Taken together, the prevalence of
IgG against GFAP, a CNS protein of astrocytes, in males exposed to either metal,
suggests greater CNS involvement. The higher percentage of females with IgG to
NF triplet proteins, suggests neuronal involvement, but does not indicate whether
in CNS or PNS, since NF is represented in axons of both systems. This preliminary
study suggests that although both genders evidenced neurotoxic insult, gender may
influence the type of nervous system susceptibility.
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DIMETHYLARSENIC IS THE MOST ABUNDANT
ARSENITE METABOLITE IN MOUSE BRAIN

J. H. Limon1, M. E. Gonsebatt1, V. M. Rodriguez5, E. Uribe-Querol3, G.
Gutierrez-Ospina3, M. Giordano4, L. C. Sanchez-Pena2 and L. M. Del Razo2.
1
MED. Genomica y Toxicology Ambiental, INST. de Invest Biomedicas, UNAM,
Mexico, DF, Mexico, 2Seccion de Toxicologia, CINVESTAV, Mexico, DF, Mexico,
3
Biologia Celular y Fisiologia, INST. de Invest Biomedicas, UNAM, Mexico, DF,
Mexico, 4INST. de Neurobiologia, UNAM, Queretaro, Qro, Mexico and
5
Environmental and Comunity Medicine, The University of Medicine and Dentistry
of New Jersey and Rutgers, Piscataway, NJ.
Inorganic arsenic exposure via drinking water has been associated with cancer and
serious injury in various internal organs, as well as with peripheral neuropathy and
diverse effects in the nervous system. Acute intoxication that produces initial gastrointestinal or cardiovascular symptoms can be followed by the delayed onset of
central or peripheral nervous-system involvement. In humans as in many mammalian species exposed to inorganic arsenic, at least 3 methylated metabolites have
been identify in tissues: mono, dimethyl and trimethyl arsenic forms (MMA,
DMA, TMAO, respectively). There are no previous in vivo studies relating the adverse effects of arsenical exposure to the presence of methylated arsenic species in
brain, which could be in to some extent responsible for the neurotoxic alterations
reported. To investigate the formation of methylated metabolites in mouse brain we
exposed mice to 2.5, 5 or 10 mg/kg/day of sodium arsenite for 9 days and determined the formation methylated arsenic metabolites in brain as well as in liver. The
formation of methylated metabolites in brain was further confirmed in organotypic
cultures of brain slices . The presence of arsenic species was determined by hydride
generation-atomic absorption spectroscopy after column chromatographic separation of inorganic arsenic and its metabolites: MMA, DMA and TMAO. In brain,
the most abundant metabolite was DMA and its concentration increased linearly
with the dose; a significant accumulation of MMA was also observed. While inorganic arsenic increased linearly with dose in liver, the amount of inorganic arsenic
decreased with dose in brain. TMAO was only detected in liver from mice treated
with the highest dose.
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MERCURY AND SELENIUM IN BRAIN AND BLOOD
AFTER CHRONIC, LOW-LEVEL METHYLMERCURY
EXPOSURE

M. C. Newland and M. Reed. Psychology, Auburn University, Auburn, AL.
Because of selenium’s high-affinity binding to mercury it has been suggested that
co-administration of Se and MeHg could alter the brain concentration of these elements as compared with their administration alone. To examine this, female LongEvans rats were exposed chronically to a purified diet containing 0.06 or 0.6 ppm
Se. They also consumed drinking water containing 0, 0.5 or 5 ppm Hg as MeHg,
resulting in approximately 0, 40, and 400 µg/kg/day Hg. MeHg consumption.
This formed a 2 (Se) X 3 (MeHg) experimental design. Blood and brain concentrations were evaluated after 26 and 83 weeks of exposure. In the brain, the molar ratio
of Hg to Se was greater than one in animals exposed chronically to 5 ppm of mercury and less than one in other animals. When the Hg:Se ratio was < 1, brain Se
concentration was about 1.6 µM and showed no relationship to selenium or mercury exposure or duration of exposure. For animals drinking 0.5 ppm Hg, brain Hg
concentration ranged from 0.45 to 0.75 µM (higher in high-se animals) at 26
weeks of MeHg exposure, but at 83 weeks, no Hg was detected in their brains regardless of Se exposure. When the brain Hg:Se ratio was > 1, i.e. brain Se and Hg
were highly sensitive to Se, Hg, and duration of exposure. Brain Hg was about 24
µM in both diet groups after 26 weeks of exposure to 5ppm, and this increased to
32 and 77 µM in the low and high Se groups, respectively after 83 weeks of exposure. After 26 weeks of exposure to 5 ppm Hg, brain concentration of Se was about
1.6 and 4 µM, respectively, in the low and high Se groups. After 83 weeks these levels increased to 2.9 and 24 µM. When there is a molar excess of Se over Hg, brain
Se levels appear to be tightly regulated, but when there is a molar excess of Hg over
Se, the levels of these elements are highly sensitive to oral intake. [Supported by
NIH ES 10865]
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LEAD ALTERS THE ABILITY OF THE CHOROID
PLEXUS (CP) TO SEQUESTER BETA-AMYLOID FROM
CEREBROSPINAL FLUID (CSF)

J. S. Crossgrove and W. Zheng. School of Health Sciences, Purdue University, West
Lafayette, IN.
Beta-amyloid peptides form insoluble plaques in the brains of Alzheimer’s disease
patients. The CP, which separates the blood from CSF, may be involved in the production, transport and/or metabolism of beta-amyloid peptides; the tissue is also
known for its capacity in sequestering toxic metal lead (Pb). It is unknown, however, how environmental toxicants may alter the CP’s ability to manage these pep-

tides. The hypothesis of this study was that exposure to Pb alters the ability of the
CP to produce, sequester and/or degrade beta-amyloid. To confirm CP production
of beta-amyloid, proteins and total RNAs were extracted from rat choroid plexus
tissue and Z310 cells, an established rat choroid epithelium cell line. Real-time, reverse transcriptase-PCR revealed the presence of mRNAs encoding proteins involved in amyloid production (APP, alpha-secretase, beta-secretase) and degradation (insulin degrading enzyme, neprilysin, and endothelin-converting enzyme). Pb
treatment of Z310 cells did not significantly alter the mRNA expression levels of
these proteins. Confocal microscopic studies in isolated rat CP tissue revealed the
presence of beta-amyloid peptide. In beta-amyloid uptake studies conducted in
Z310 cells, Pb exposure concurrent with beta-amyloid increased the beta-amyloid
uptake. When cells were pretreated with Pb and washed, beta-amyloid uptake observed in the absence of Pb was not significantly different between Pb-pretreated
and control-pretreated. It is unknown whether Pb changes the physicochemical
properties of beta-amyloid in the solution, rendering it more susceptible to uptake,
or whether the Pb changes the physiology of the cells, increasing their uptake or
storage. Taken together, the data indicate that beta-amyloid, APP and APP-processing enzymes are present in the CP. Pb exposure does not alter mRNA levels of the
tested APP-processing proteins, but appears likely to change the ability of the CP to
sequester beta-amyloid. Whether or not Pb exposure may contribute to the etiology
of Alzheimer’s disease deserves further investigation.
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ZINC ATTENUATES CADMIUM-INDUCED
MODULATION OF CHOLINE TRANSPORT IN
CULTURED CHOROID PLEXUS
A. R. Villalobos and J. Tay. University of Rochester, Rochester, NY.
We had previously shown in primary cultures of choroid plexus ERK1/2 dependent
Cd-induced stimulation of apical choline transport that is coupled to the cell’s response to oxidative stress. Both in vitro and in vivo Zn has been shown to attenuate
the effects of Cd and other toxicants; furthermore, Zn preconditioning protects
choline transport against severe heat stress in cultured choroid plexus. We hypothesize that Zn may disrupt Cd-induced modulation of choline transport in choroid
plexus epithelium. 12-h incubation with 500 nM Cd (CdCl2) stimulates 30-min
apical uptake of 10 microM 3H-choline in cultured choroid plexus epithelial cells
by nearly 2-fold. Although 12- or 24-h incubation with 5-50 microM Zn (ZnCl2)
does not alter choline uptake, 12-h pretreatment with 10 microM Zn diminishes
stimulation of choline uptake by Cd. As determined by atomic absorption, Zn pretreatment does not markedly alter cellular accumulation of Cd; thus, Zn disruption
of Cd-induced stimulation of choline uptake is not due to reduction in cellular levels of Cd. Nevertheless, Cd-induced accumulation of reactive oxygen species (ROS)
is abated by Zn pretreatment. As per real-time RT-PCR, Cd exposure increases levels of mRNA for hsp70, heme oxygenase-1 (HO-1) and metallothionein-1 (MT-1).
Zn alone modestly increases levels of mRNA for MT-1 and does not increase levels
of mRNA for hsp-70 or HO-1. Although Zn pretreatment did not alter induction
of HO-1 or MT-1 mRNA by Cd, Zn pretreatment attenuated increases in hsp70
mRNA in Cd treated cells; this is consistent with the observed reduction in ROS.
Zn pretreatment also alters Cd-induced activation of ERK1/2. After 12-h Zn pretreatment, baseline levels of phosphoERK1/2 are nearly 4X that in non-treated
cells; however, subsequent Cd exposure produces no further activation of ERK1/2.
Based on these data, we conclude that Zn abates Cd-induced stimulation of apical
choline uptake by dysregulation of ERK1/2 signaling and attenuation of oxidative
stress.
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BRAIN TRANSPORT AND DISTRIBUTION OF COPPER
AS AFFECTED BY SYSTEMIC IRON STATUS
B. Choi1 and W. Zheng2. 1College of Medicine, Chung-Ang University, Seoul, South
Korea and 2School of Health Sciences, Purdue University, West Lafayette, IN.
Copper (Cu) is an essential trace element indispensable for brain development and
function; either excess or deficiency in Cu status can cause brain malfunction.
However, the question as to how systemic Fe status may influence brain Cu distribution was poorly understood. This study was designed to test the hypothesis that
dietary Fe condition affects Cu transport into the brain. Rats were divided into following 3 groups: a) Fe-deficient (Fe-D) group with an Fe-D diet of 3-5 mg Fe/kg,
b) control group with normal diet of 35 mg Fe/kg, and c) Fe-overload group with
an Fe-O diet of 20 g carbonyl Fe/kg. Following a 4-week treatment, serum and
brain Cu/Fe concentrations were determined by AAS and uptake rates of Cu into
brain capillary, parenchyma, cerebrospinal fluid (CSF), and choroids plexus (CP)
were determined by an in situ brain perfusion, followed by capillary depletion. In
Fe-D and Fe-O rats, serum Fe level decreased by 90% (p<0.01) and increased by
98% (p<0.01), respectively, in comparison to controls. Fe levels in brain regions
tested (frontal cortex, striatum, hippocampus, mid brain and cerebellum) were
lower than those of controls in Fe-D rats (p<0.05), but not changed in Fe-O rats. In
Fe-D animals, while serum Cu was not affected, Cu levels in tested brain regions
were significantly increased (p<0.05). Likewise, the unidirectional transport rate
constants (Kin) of Cu in brain capillary, parenchyma and CSF were significantly increased (p<0.05) in these Fe-D rats. In contrast, with Fe-O, serum and brain Cu
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concentrations were significantly decreased as compared to controls (p<0.05), but
Cu transport was not affected in Fe-O. The mRNA levels of 5 Cu-related transporters were not affected by Fe status except for DMT1 in the CP, which was increased in Fe-D and decreased in Fe-O. Our data suggest that Cu transport into
brain and ensuing brain Cu levels are regulated by systemic Fe status. Fe deficiency
appears to augment Cu transport by brain barriers, leading to an accumulation of
Cu in brain parenchyma. (Supported by NIH/NIEHS ES08164)
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THE EFFECTS OF CUPRIC
DIMETHYLDITHIOCARBAMATE ON MATERNAL AND
FETAL LONG-EVANS RATS
B. Scharf1 and L. D. Trombetta2, 1. 1Biological Sciences, St. John’s University, New
York, NY and 2Pharmaceutical Sciences, St. John’s University, Jamaica, NY.
In 1996 the American Wood Preservers’ Association standardized wood preservative solutions that contain new copper based compounds. Studies suggest that
cupric dimethyldithiocarbamate (CDCC), a recently introduced alternative to
chromated copper arsenic, induces neuronal cytotoxicity. Data from this lab has
shown that CDCC causes a dose dependent decrease in cell viability in rat hippocampal astrocytes in culture, accompanied by morphological deterioration and
cellular blebbing visualized by SEM. Bioaccumulation of Cu in tissues has been
linked to oxidative damage and lipid peroxidation. In this study, pregnant Long
Evans rats (220-270g) were dosed at 50 and 75ppm by oral gavage. Following parturition, maternal and newborn rats were euthanized, brain tissue was either fixed
for microscopy or snap frozen in liquid nitrogen and processed for immunoblots
and graphite furnace atomic absorbance spectrophotometry (GFAAS). Induction
of stress proteins, lipid hydroperoxidation and morphological damage to maternal
hippocampi and maternal and newborn whole brain tissues in treated vs. control
animals were seen. Immunoblots on brain samples from maternal and newborn rats
using anti-Hsp-70 monoclonal antibody and anti-HO-1 polyclonal antibody
demonstrated an increase of stress proteins in maternal and newborn whole brain
and maternal hippocampi. Immunoblots also revealed 4HNE protein adducts in
maternal hippocampi and maternal and newborn whole brain. It is concluded that
CDCC at 50 and 75ppm induces stress proteins as well as producing hydroperoxidative damage. GFAAS used for detection of Cu concentration showed dose dependent increase in the bioaccumulation of the transition metal in these tissues.
This suggests a correlation between Cu concentration, stress protein induction and
peroxidative damage.
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METHYLMERCURY ALTERS GLUTAMINE
HOMEOSTASIS IN ASTROCYTES
M. Aschner1, Z. Yin1, O. Soldin2 and T. Syversen3. 1Pediatrics, Vanderbilt
University Medical Center, Nashville, TN, 2Medicine, Georgetown University,
Washington, DC and 3Clinical Neuroscience, Norwegian University of Science and
Technology, Trondheim, Norway.
Methylmercury (MeHg) preferentially accumulates in glia. Glutamine (Gln) is a
key factor in growth and metabolism, and is predominantly metabolized to the
tripeptide, glutathione (GSH). We examined the effects of MeHg on astrocytic Gln
uptake and release as potential steps in limiting Gln availability for intracellular glutathione [GSH]i synthesis. Rat neonatal primary cortical astrocytes were treated
with MeHg (0, 1, 5, and 10 uM) for 30 min., followed by the addition of [3H]Gln. [3H]-Gln uptake was measured for 1 and 5 min. MeHg exposure significantly
decreased (p<0.05) astrocytic [3H]-Gln uptake at all time points and concentrations. Furthermore, MeHg significantly increased (p<0.05) the release of preloaded
[3H]-Gln (6 hrs.) in a time- 91-60 min.) and concentration- (1, 5, and 10 uM) dependent manner. Additional studies were carried out to assess the effect of MeHg
on astrocytic mitochondrial membrane potential using the potentiometric dye
tetramethylrhodamine ethyl ester (TMRE). MeHg (5 and 10 uM) treatment (6
hrs) significantly (p<0.05) dissipated the DeltaPsi(m) in astrocytes as demonstrated
by a decrease in mitochondrial TMRE fluorescence. These studies are consistent
with the hypothesis that MeHg exerts its effect via oxidative stress, and that its toxicity is associated, at least in part, with the dissipation of the astrocytic mitochondrial membrane potential. Consistent with this effect are the observations on MeHginduced decreased [Gln]i and its reduced availability for [GSH]i synthesis.
Supported by Public Health Service Grant ES07331 to M.A.
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METHYLMERCURY EXPOSURE IN VITRO INCREASES
SOLUBLE gp130 RECEPTOR, A MODULATORY FACTOR
OF IL-6 FUNCTION, IN ORGANOTYPIC CULTURES OF
MOUSE CEREBELLUM
D. Arias-Salvatierra1, L. C. Acosta-Saavedra1, P. C. Conde-Moo1, E. K.
Silbergeld2 and E. S. Calderon-Aranda1. 1Toxicology, Cinvestav, Mexico, DF, Mexico
and 2Bloomberg School of Public Health, Johns Hopkins University, Baltimore, MD.
Developmental exposure to methylmercury (MeHg) induces a spectrum of neurological alterations including cognitive disturbance, sensory/motor deficit, and diffuse structural abnormalities of the brain. Some of these effects have been associated
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with disruption of neuronal migration, particularly of granule cells in the cerebellum. However, the molecular mechanisms for this effect remain to be defined.
Interleukin-6 (IL-6) plays a central role in inflammatory response, while during development it is a neurotrophic factor that can influence neuronal migration. In the
nervous system, the function of IL-6 released from microglia and astrocytes or cells
from other organs, is upregulated by the soluble IL-6 receptor alpha (sIL-6Rα) and
is strongly inhibited by soluble gp130 (sgp130). We have shown that under conditions of in vitro exposure to MeHg (100 nM), which inhibits neuronal migration in
organotypic cell cultures from cerebellum, levels of the membrane form of gp130
(mgp130) is not affected by MeHg with or without LPS stimulation. In contrast,
MeHg increases the levels of membrane IL-6Rα (mIL-6Rα) in non-stimulated
cells, but decreases mIL-6Rα in the presence of LPS. MeHg also decreases Stat3
phosphorylation in both the presence and absence of LPS. In the same in vitro cell
systems MeHg exposure increases extracellular levels of sgp130, with or without
LPS, but did not affect sIL-6Rα. Increases in sgp130 induced by MeHg may negatively modulate IL-6 function. This work was supported by Cure Autism Now and
Conacyt 46297.
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MULTIPLE SOURCES MAY CONTRIBUTE TO
METHYLMERCURY-INDUCED INCREASES IN [CA2+]I IN
RAT CEREBELLAR SLICES

Y. Yuan and W. D. Atchison. Pharml/Toxicology, Mich State University, East
Lansing, MI.
We previously showed that in vitro exposure of rat cerebellar slices to methylmercury (MeHg) increased intracellular Ca2+ concentration ([Ca2+]i) in the entire molecular and granule cell layers. This appeared to be responsible for MeHg-induced
increase in frequency of spontaneous synaptic responses in Purkinje cells. To identify the relative contribution of Ca2+ sources to MeHg-induced increase in [Ca2+]i,
temporal and spatial changes in [Ca2+]i in the molecular, Purkinje and granule cell
layers in cerebellar slices preloaded with the Ca2+-selective indicator Fluo-4 were examined using confocal laser-scanning microscopy. Confocal images of [Ca2+]i were
collected in the absence of extracellular Ca2+ or presence of agents that disrupt function of Ca2+i stores. In the absence of extracellular Ca2+, 10–100 µM MeHg still induced prominent increases in Fluo-4 fluorescence in the entire molecular and granule cell layers, although changes in fluorescence intensity induced by MeHg under
this condition were smaller than those obtained in normal extracellular [Ca2+]. This
suggests that extracellular Ca2+ only partially contributes to MeHg-induced increase in [Ca2+]i and release of Ca2+ from internal stores must also be involved. To
test this, cerebellar slices were pretreated with 1-10 mM caffeine, a ryanodine receptor opener, or 10-20 µM cyclopiazonic acid (CPA), an inhibitor of SER Ca2+ATPase, before exposure to MeHg. Neither caffeine nor CPA pretreatment prevented MeHg-induced increase in Fluo-4 fluorescence although changes in Fluo-4
fluorescence induced by MeHg were not as intense as those obtained in the absence
of these agents. Thus, these results suggest that both extra- and intracellular Ca2+
sources contribute to MeHg-induced increases in cerebellar cortical slices.
Supported by NIH grants R01ES03299 and R01ES11662.
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EFFECTS OF ACTIVATION AND INHIBITION OF
GROUP I METABOTROPIC GLUTAMATE RECEPTOR 1
SUBTYPE IN METHYLMERCURY-INDUCED CALCIUM
DYSREGULATION OF RAT CEREBELLAR GRANULE
CELLS

A. Segarra-Arroyo2, 1, D. K. Atchison1 and W. D. Atchison1. 1Department
Pharmacology/Toxicology, Mich State University, East Lansing, MI and 2Research
Initiative for Student Enhancement, University of Puerto Rico at Cayey, Cayey,
Puerto Rico.
Group I metabotropic glutamate receptors (mGluRI) play an important role in increasing intracellular Ca2+concentrations- [Ca2+]i of cerebellar granule cells by stimulating the production of inositol 1,2,4- triphosphate (IP3). Methylmercury
(MeHg) is a neurotoxicant that dysregulates [Ca2+]i in granule cells in 2 kineticallydistinct phases. The 1st involves release of Ca2+i from mitochondria and the smooth
endoplasmic reticulum. The 2nd involves uptake of Ca2+e. We studied the possible
role of mGluRI in the Ca2+i release caused by acute exposure to MeHg by using cell
microfluorimetry and the Ca2+ sensitive fluorophore fura-2 in neonatal rat granule
cells in culture. We hypothesized that if MeHg exerted some of its neurotoxic effects via the mGluRI receptor, then treatment with the mGluRI agonist DHPG
(100µM) and MeHg (0.5µM) would cause the time-to-onset for the 1st and 2nd
phase increase in [Ca2+]i to occur more quickly and perhaps have a larger normalized increase in fura-2 ratio when compared to MeHg alone. Additionally treatment of the cells with the mGluRI antagonist CPCCOEt (100µM) and MeHg
(0.5µM) could delay the time-to-onset for the 1st and 2nd phase and decrease or
prevent the normalized increase in fura-2 ratio. CPCCOEt and DHPG did not affect the time-to-onset of either phase of MeHg induced increase in [Ca2+]i.
Furthermore, neither drug affected the normalized change in ratio of fura-2 fluo-

rescence compared to MeHg alone for either phase of increased [Ca2+]i. Thus, the
mGluRI may not contribute to the MeHg-induced increase in [Ca2+]i in rat granule
cells. Supported by NIEHS grants R01-ES03299 and R01-ES11662 and an
ASPET Summer Research Fellowship to AS-A.
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EFFECTS OF METHYLMERCURY (MEHG) ON GABAA
RECEPTOR-MEDIATED CURRENTS IN HEK-293 CELLS
ARE NOT ALTERED BY THE PRESENCE OF THE α6
SUBUNIT
C. J. Herden1, R. K. Hajela2, 1, Y. Yuan2 and W. D. Atchison2, 1. 1Neurosci.
Progrm, Michigan State University., East Lansing, MI and 2Department . of
Pharmacology/Toxicology, Michigan State University., East Lansing, MI.
Differential expression of the GABAA receptor α1 and α6 subunit has been hypothesized to be responsible for the differential effects of MeHg observed in cerebellar
granule and Purkinje neurons. To test this hypothesis, we investigated the effects of
MeHg on HEK-293 cells transfected with an expression cDNA clone from rat for
either the α1 or α6 subunit of the GABAA receptor in conjunction with a β2 and γ2
subunit. GABA-mediated currents (IGABA) were obtained using the whole-cell voltage-clamp technique and a symmetrical [Cl -]. MeHg (1.0 and 10 µM) blocked
IGABA in a time- and concentration-dependent manner in cells containing GABAA
receptors with either the α1 or α6 subunit. Time to block of IGABA by MeHg did not
differ significantly between cells containing the two receptor subtypes. Moreover,
MeHg (10 µM) caused a prolongation of IGABA slow decay rate in cells containing
either receptor subtype. This prolongation appeared to be more pronounced in cells
containing the α6-receptor subtype. Additionally, the time-course of development
of slow decay prolongation by MeHg did not differ between the two receptor subtypes. In both, the onset to slow decay prolongation occurred within 60 s and the
peak effect occurred by 550 s. These results suggest that differential expression of
GABAA receptor α1 or α6 subunits alone may not underlie the differential effects of
MeHg on GABAergic function observed in cerebellar cells; other factors may be involved as well. Supported by: NIH grant R01-ES11662.
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DIFFERENTIAL VULNERABILITY OF CORTICAL AND
CEREBELLAR NEURONS TOWARDS
METHYLMERCURY INDUCED NEUROTOXICITY
P. Kaur1, M. Aschner2 and T. Syversen1. 1Department. of Neuroscience, Norwegian
University of Science and Technology, Trondheim, Norway and 2Department . of
Pediatrics, Vanderbilt University Medical Center, Nashville, TN.
The reason for enhanced sensitivity of certain cell types vs. others towards
methylmercury (MeHg) induced neurotoxicity still needs to be explored. We evaluated the differential effects of MeHg on primary neuronal cultures of cortical and
cerebellar origin. Cortical neurons were prepared from fetuses obtained from 15
days pregnant mice and cerebellar neurons were prepared from 1week old mice.
Both cultures were allowed to mature for one week before the experiment. It has
been suggested that depletion of glutathione (GSH) stores is moderately responsible for MeHg induced toxicity. GSH was measured with the fluorescent indicator
MCB-monochlorobimane. MeHg uptake was measured using 14C-labelled MeHg.
Cell survival studies were performed using MTT [3-(4, 5-dimethylthiazol-2-yl)-2,
5 diphenyltetrazolium bromide], which detects the mitochondrial dehydrogenase
activity in the cell cultures. The intracellular GSH content was modified by pretreatment with N-acetyl cysteine (NAC) or di-ethyl maleate (DEM) for 12 hrs.
Treatment with 5µM MeHg for 30 min led to significant decrease in MTT activity.
Depletion of mitochondrial activity was more significant in cortical neurons vs.
cerebellar neurons. The diminution of GSH content indicated by decrease in MCB
fluorescence was also more significant in cortical neurons vs. cerebellar neurons. It
was noted that untreated cortical neurons contained less GSH than cerebellar neurons. Modulation by the GSH depletor, DEM, led to a more pronounced diminution of GSH in cortical neurons compared to cerebellar neurons. Conversely, GSH
supplementation with NAC provided protection against MeHg induced GSH depletion in both the cell cultures. The uptake studies indicated a differential uptake
with different modulators in both the cell cultures. These results suggest that the inherent differences in the amount of intracellular GSH may contribute to the cell selective MeHg induced neurotoxicity.
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ALZHEIMER BETA-AMYLOID PEPTIDES MODERATE
METHYLMERCURY TOXICITY IN YOUNG
DROSOPHILA
K. R. Reuhl2, 3, T. Gangi1, A. Halladay2, B. Buckley3 and M. Konsolaki1.
1
Department of Genetics, Rutgers University, Piscataway, NJ, 2Pharmacology &
Toxicology, Rutgers University, Piscataway, NJ and 3EOHSI, Rutgers University,
Piscataway, NJ.
It is widely accepted that the formation of neurofibrillary tangles and beta-amyloid
(Aβ) neuritic plaques participates in neuronal death and ultimately in the manifestation of Alzheimer disease. Aβ binds heavy metals such as copper, iron and zinc

with high affinity, and it has been suggested that the Aβ peptide may aid in the
physiological clearance of metals from the extracellular fluid of the brain. We examined the effects of methylmercury (MeHg) in wild type and in transgenic
Drosophila melanogaster expressing Aβ protein. Flies expressing neuronal Aβ show
dose- and age- dependent neurodegeneration, typically manifested as a rough eye
phenotype or a shorter lifespan. Two-day old flies were deprived of food and water
for 8h, given saline containing 37.7 ug/ml MeHg overnight, and then allowed to
age in a control flask. Exposure of flies to MeHg resulted in body Hg burdens approximating 12-14 ppm (determined by ICP-MS), and induced an ‘early-death’
phenotype. Young Aβ-expressing flies exposed to MeHg showed significantly
greater longevity relative to MeHg-exposed wild type flies. These data suggest that
at a young age, before the effects of Aβ are manifested, Aβ is ameliorating the neurotoxicity of MeHg in flies. (Supported by ES 11256, ES 05022 and Rutgers
Exploratory funds).
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MERCURY COMPOUNDS AFFECT INTRACELLULAR
MOLECULAR SYSTEMS AND CELLULAR
MORPHOLOGY OF SH-SY5Y CELLS

K. A. Thuett, M. E. Miller, E. Tiffany-Castiglioni and L. C. Abbott. Veterinary
Integrative Biosciences, Texas A&M University, College of Veterinary Medicine, College
Station, TX.
Mercury in its various forms is a neurotoxicant. Mitochondrial perturbation may
be involved in the pathways leading to neuronal cell dysfunction and death due to
mercury exposure. In our study, mitochondrial membrane potential (MMP) and
cellular morphology were observed in SH-SY5Y cells following exposure to
methylmercury (MeHg) at 0, 0.01, 0.1 and 0.5 µM for 24 hours (h), 3 days (d),
and 7d. MMP was measured with tetramethylrhodamine methyl ester (TMRM)
and fluorescence microscopy. At 24h, MMP was significantly decreased at 0.01 and
0.1 µM MeHg. Cells appeared healthy with no obvious morphological changes.
However, MMP at 24h was significantly increased at 0.5 µM, and the cells exhibited shortened to non-existent processes. After 3d, no difference in MMP was observed at 0.01 or 0.1 µM MeHg, and the cells appeared similar to controls. After
7d, MMP was significantly decreased at 0.01 µM. These cells appeared healthy
with no apparent changes in cellular morphology. For concentrations of 0.5 µM at
3d and 0.1 and 0.5 µM at 7d, the cells had no processes and appeared as spheres
with TMRM dye dispersed throughout the cytoplasm. Therefore, the MMP was
not measured in these cells. The increase in MMP for 0.5 µM at 24h is likely a result of a portion of the cells having compromised mitochondrial membranes and
TMRM released into the cytoplasm. Our data suggest that 1) MMP decreased as a
result of exposure to MeHg, 2) that the decrease in MMP occurred before the appearance of morphological changes, 3) that the length of exposure as well as the
concentration interacted to produce the observed changes, and 4) that concentrations as low as 0.01 µM may result in MMP decrease without other overt adverse
effects. Therefore, mitochondrial perturbation may be a precursor to and a possible
cause of other intracellular events resulting in changes in cellular morphology that
could be manifested as neuronal dysfunction and ultimately cell death.
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ORGANOMERCURIC COMPOUNDS SELECTIVELY
ALTER NEUROGENESIS IN THE NEONATAL RAT
HIPPOCAMPUS

A. Falluel-Morel1, X. Zhou1, E. Smith1, A. Litterman1, K. R. Reuhl2 and E.
DiCicco-Bloom1. 1Neuroscience & Cell Biology, UMDNJ, Piscataway, NJ and
2
Pharmacology & Toxicology, Rutgers University, Piscataway, NJ.
Organomercurial toxicants may contribute to disorders of the developing brain.
These toxicants may act at multiple times, eliciting acute effects on neurogenesis
that influence later ontogeny. While high mercury exposure causes gross defects, effects of lower levels not associated with deformities are less well defined, especially
regarding precursor proliferation. Seven-day old rats were injected s.c. with 2.510µg/gbw MeHg or the ethylmercury-containing preservative thimerosal. Two
hours before sacrifice we injected [3H]thymidine to examine effects on DNA synthesis, or BrdU to label cells in S phase of the cell cycle. After 24h of exposure,
MeHg 5µg/gbw reduced DNA synthesis by 24% in the hippocampus. This dose
significantly reduced DNA synthesis after 6h indicating rapid effects on cell cycle
progression, raising the possibility of a G1-S block. In contrast, MeHg did not affect cerebellum, suggesting regional vulnerability. Since thimerosal exhibits different transport and metabolism kinetics, we performed a dose-response comparison.
At 24h thimerosal was twice as potent as MeHg in inhibiting DNA synthesis in
hippocampus. The reduction in DNA synthesis elicited by organomercurials could
be attributed to several processes including a block in G1/S transition, initiation of
cell death or energy failure. To examine G1/S transition, we quantified BrdU labelling in the hilus of the hippocampal dentate gyrus. Following MeHg exposure,
BrdU positive cell number decreased by 35% at 8h indicating that MeHg affects
DNA synthesis by reducing S-phase entry. To assess possible cell death, we studied
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MeHg effects on caspase-3 levels: MeHg increased activated caspase-3 in hippocampus at 8 hours, suggesting the toxicant induced programmed cell death.
These data suggest that organomercury compounds rapidly and directly alter brain
development by modulating regional neurogenesis. (NIH ES11256, ES05022,
EPA R82939101).
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A ROLE FOR P53 IN MOUSE MIDBRAIN NEURAL
PRECURSOR CELL (NPC) CELL CYCLE ARREST AND
PREMATURE NEURONAL DIFFERENTIATION
FOLLOWING METHYLMERCURY EXPOSURE
E. J. Gribble, X. Yu, S. Hong and E. M. Faustman. Department of Environmental
and Occupational Health Sciences, University of Washington, Seattle, WA.
The cyclin kinase protein inhibitors p19, p21, and p27 and the tumor suppressor
protein p53 have been demonstrated to play important roles in facilitating cell cycle
arrest prior to differentiation in several neuronal cell types including oligodendrocytes and cortical precursor cells. These same proteins are often upregulated in the
stress response, although the distinction or overlap of these two uses of the same
class of proteins during brain development remains poorly explored. We have previously characterized a mouse midbrain neural precursor cell (NPC) culture where
cells proliferate and differentiate into GABAergic, cholinergic, and dopaminergic
neurons over 9 days. In these cells, increases in p27 and p53 proteins were temporally associated with cell cycle exit and differentiation. To explore the role of p53 in
normal and toxicant perturbed neuronal proliferation and differentiation, we
treated cycling midbrain NPCs from p53+/+ and p53-/- ED11 mouse embryos for
24h with sub-cytotoxic concentrations of methylmercury (0.1 µM, 0.5 µM) that
caused significant cell cycle arrest but not significant decreases in cell viability. We
hypothesized that MeHg induced cell cycle inhibition would lead to premature
neuronal differentiation in a p53 dependent manner. We first demonstrated significant upregulation of nuclear p53 protein in MeHg treated p53+/+ cells at 20 minutes through 24h. Following 24h treatment with 0.5 µM MeHg, a statistically significant increase in [3H]GABA uptake ( 2.2-fold) and acetylcholinesterase activity
(2-fold) in p53+/+ but not p53-/- NPCs was observed. Our results demonstrate
p53 may play a dual role in normal midbrain development and toxicant defense,
and support the hypothesis that toxicant-induced cell cycle inhibition can lead to
premature neuronal differentiation. Supported by R01ES10613, P01ES09601,
R826886010, P30ES07033, P30HD02274.
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THE EFFECT OF ETHYL MERCURY ON WILDTYPE
AND METALLOTHIONEIN-2 KNOCKOUT
Caenorhabditis elegans
K. J. Helmcke1, 2, L. Evje3, T. Syversen3, R. Nass1 and M. Aschner4, 1, 2.
1
Department of Pharmacology, Vanderbilt University Medical Center, Nashville, TN,
2
Center in Molecular Toxicology, Vanderbilt University Medical Center, Nashville,
TN, 3Department of Neuromedicine, Norwegian University of Science and
Technology, Trondheim, Norway and 4Department of Pediatrics, Vanderbilt University
Medical Center, Nashville, TN.
Ethyl mercury (EtHg) in the form of thimerosal is used in some vaccines as a preservative. Since prior research has indicated that EtHg is a neurotoxicant, its presence in vaccines has led to suspicions that it may be involved in the etiology of
autism. In these studies, the nematode Caenorhabditis elegans (C. elegans) was used
to determine EtHg’s effect on the nervous system in the absence of metallothionein-2 (MT2), a protein involved in the sequestration of metals. The worms were
treated either acutely (30 min.) or chronically (24 hrs.) with concentrations of
EtHg ranging from 0 to 5 mM. Mercury (Hg) content and the lethality associated
with the various concentrations were determined using inductively coupled plasmamass spectrometry (ICP-MS) and live vs. dead counting techniques. Data obtained
from analyses of Hg content indicate that at the end of chronic treatment, MT2knockout worms have similar levels of Hg as compared to wildtype (WT) worms.
This suggests that the lack of MT2 does not affect the accumulation of Hg in the
MT2-knockout as compared to WT C. elegans. Acute treatment with EtHg
demonstrated a protective effect of the MT2-knockout compared to WT. These
studies suggest the expression of MT2 enhances the sensitivity of C. elegans to
EtHg. Future experimentation will include analysis of the Hg content of C. elegans
following an acute treatment course as well as the effect of over-expression of MT-2
on EtHg content and C. elegans viability.
Supported by NIEHS 10563 and ES 007028.
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NEUROTOXICITY STUDIES OF DEPLETED URANIUM
G. C. Jiang1, 2, K. Loveless2, B. McLaughlin2, R. Nass3 and M. Aschner4, 2.
1
Physiology and Pharmacology, Wake Forest University, Winston-Salem, NC,
2
Pharmacology, Vanderbilt University, Nashville, TN, 3Anesthesiology, Vanderbilt
University, Nashville, TN and 4Pediatrics, Vanderbilt University, Nashville, TN.
DU is an extremely dense metal with high chemical and low radiological toxicity
that has become prevalent in armor-piercing munitions, aviation counter-balances,
and radiation shielding. Questions regarding potential toxic health effects have
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arisen due to this expanded use of DU. However, there is limited data on the specific effects of DU in the central nervous system (CNS). We have exposed CNS cell
cultures and various strains of the nematode C. elegans to DU to evaluate its toxicity, and are utilizing a number of functional genomic and proteomic analysis tools
to test the hypothesis that DU acts as a cytotoxic agent that induces the formation
of ROS and induction of apoptosis. In primary mixed and neuronal cultures treated
with DU concentrations ranging from 0 to 100 µM for up to 48 hours, DU results
in a concentration- and time-dependent cytotoxic response, as measured by the lactate dehydrogenase cytotoxicity assay. Microscopic inspection and cell staining with
Hoechst 33342 and propidium iodide confirmed this observed cytotoxicity. Mixed
cultures demonstrated a more pronounced response compared to neuronal cultures.
In C. elegans, the LC50 for the N2 strain (wild-type) was 104.1 µM, while a notable leftward shift of the concentration-response curve was seen to 40.6 µM in the
metallothionein-2 knockout strain VC128, compared to wild-type worms.
Together, our data indicates that CNS cells are sensitive to DU and that metallothionein-2 may be involved in the cellular response to DU exposure. Further understanding the biological effects of DU in the CNS will aid in the development of
methodologies and pharmacotherapies to treat neurological conditions resulting
from DU exposure.
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NEUROTOXIC EFFECTS OF LEAD ON HUMAN
NEUROBLASTOMA CELLS IN CULTURE

C. S. Chetty1, M. C. Vemuri2, K. Campbell1 and C. Suresh3. 1Natural Sciences
and Mathematics, Savannah State University, Savannah, GA, 2Department of
Surgery, Childrens’ Hospital of Philadelphia, Philadelphia, PA and 3Biochemistry,
National Institute of India, Hyderabad, Andhra Pradesh, India.
Lead (Pb) is a toxic heavy metal that causes adverse health effects in humans and
animals. The developing central nervous system is especially more sensitive and vulnerable to Pb-toxicity. In the present study, the effects of low-levels of Pb-exposure
on human SH-SY5Y neuroblastoma cell cultures were assessed. The cells were exposed to Pb (0.01 µM - 10 µM) for 48 hrs and cell proliferation was determined.
Pb significantly inhibited the proliferation of neuroblastoma cells in a concentration-dependent manner. A 50% inhibition (IC50) in cellular proliferation was observed with 5 µM Pb. A significant decrease in glutathione (GSH) levels, a critical
intracellular antioxidant, was observed when the cells were exposed to different Pb
concentrations (0.01 µM -10 µM) for 48 hrs. These two observations also coincided with a multifold increase in caspase-3 activity, a key executioner of apoptosis
and prostaglandin E2 (PGE2) levels. Our results suggest that the neurotoxic effects
of Pb may be mediated by apoptosis and PGE2 release that could be potentially
detrimental to neuronal survival (This research work supported by NIGMS/NIH
grant # GM 60853).
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MODULATION OF CA2+-INDEPENDENT, PB2+INDUCED EXOCYTOSIS FROM RAT PC12 CELLS BY
CAM KINASE II

R. Westerink and H. Vijverberg. Cellular and Molecular Toxicology, Institute for
Risk Assessment Sciences - Utrecht University, Utrecht, Netherlands. Sponsor: M. van
den Berg.
Exocytosis is essential for intercellular communication and consists of several steps,
including vesicle filling, priming, docking, fusion and the subsequent release of
vesicle contents. Many environmental toxicants, with Pb2+ being one of the most
hazardous pollutants, are known to disturb exocytosis. In this study vesicular catecholamine release from intact and ionomycin-permeabilized dexamethasone-differentiated PC12 cells has been measured at the single cell level using amperometry to
reveal whether Pb2+ is able to trigger exocytosis, and which signaling pathways are
involved. Additional confocal laser scanning microscopy (CLSM) was used to determine the intracellular [Pb2+] required for exocytosis.
The results demonstrate that superfusion with Pb2+-containing saline evokes exocytosis after a concentration-dependent delay. Thresholds to induce exocytosis are
between 1 and 10 µM Pb2+ in intact cells and between 10 and 30 nM Pb2+ in permeabilized cells. Using membrane-impermeable and -permeable chelators and
CLSM it is demonstrated that 1) intracellular Ca2+ is not required for Pb2+-induced exocytosis and 2) cytoplasmic components buffer Pb2+ with high affinity.
Pharmacological manipulation of intracellular signaling pathways in permeabilized
cells revealed that Ca2+-evoked exocytosis is modulated mainly by PKC and calcineurin. Pb2+-evoked exocytosis is strongly reduced by inhibition of CaM kinase
II, but is insensitive to modulation of PKC and calcineurin activity. Inhibition of
calmodulin only affects the delay to onset of Pb2+-evoked exocytosis. None of the
treatments has significant effects on vesicle contents. It is concluded that 1) Pb2+
acts as a high-affinity substitute for Ca2+ to trigger essential steps leading to exocytosis, 2) CaM kinase II provides a novel and plausible target for the direct intracellular action of Pb2+ leading to exocytosis, 3) Pb2+-evoked exocytosis occurs when
only ~20% of the intracellular high-affinity binding capacity (~2 attomol/cell) is
saturated with Pb2+.
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CHRONIC LEAD REDUCES ELECTRICALLY
STIMULATED HIPPOCAMPAL BRAIN-DERIVED
NEUROTROPHIC FACTOR (BDNF) RELEASE
S. M. Lasley and L. C. Wang. Biomedical & Therapeutic Sciences, University of
Illinois College of Medicine, Peoria, IL.
The cellular processes involved in lead(Pb)-induced cognitive dysfunction have
been a focus of research investigation, but these efforts have not delineated mechanisms underlying the impaired CNS plasticity. Hippocampal LTP is dependent on
the supply of BDNF, and BDNF secretion occurs under conditions that induce
LTP. In this study BDNF release was quantified ex vivo in control and chronically
exposed animals (0.2% Pb in drinking water continually from birth) to provide an
assessment of this system. Dorsal hippocampal slices were cut in a vibratome at 4
degrees C and incubated for 1-2 hr in oxygenated HEPES buffer (pH 7.6) at 33 degrees C. Slices were transferred to a 96-well microplate coated with a monoclonal
antibody for BDNF and containing 0.1 ml/well HEPES buffer, BSA, and protease
inhibitors. A microplate lid incorporating silver wire electrodes connected in parallel to a programmable stimulus delivery system evoked BDNF release by providing
biphasic theta-burst field stimulation of 125 mA/well to half the wells for 1 hr at 33
degrees C. BDNF was quantified by ELISA. Release was calculated by the difference between BDNF concentrations in 3-4 replicate stimulated wells and that in
paired non-stimulated wells. Hippocampal expression of total cellular BDNF protein did not differ between exposed and control animals. The amount of BDNF
found in the medium of Pb-exposed slices after electrical stimulation was not
changed from control values, but BDNF found in the assay medium of non-stimulated slices from exposed rats was significantly higher than that from control slices
(p < 0.05, N = 7-8 rats/group). Consequently, values for stimulated BDNF release
were significantly lower in Pb slices compared to controls (p < 0.05). BDNF release
is dependent on extracellular Ca+2, and thus it is reasonable to propose that the
ability of Pb+2 to inhibit Ca+2 influx through voltage-sensitive Ca+2 channels affects BDNF similarly to the release of neurotransmitters, and thus may affect
synaptic plasticity. (Supported by the Children’s Miracle Network)
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GESTATIONAL LEAD EXPOSURE SWITCHES CELL FATE
AND INCREASES PROLIFERATION OF RETINAL
PROGENITOR CELLS IN DEVELOPING MOUSE RETINA
A. Giddabasappa, J. E. Johnson, W. Xiao, S. Chaney, Q. Chen and D. A. Fox.
University.Houston, Houston, TX.
Gestational lead exposure produces supernormal rod-mediated (scotopic) electroretinograms (ERGs) in children, adult monkeys and rodents. The sites and molecular mechanisms underlying these novel and persistent retinal alterations are unknown. To examine these we used our clinically relevant murine model of human
gestational lead exposure. Female C57BL/6 mice were exposed to water or one of
three Pb solutions prior to mating, throughout pregnancy and until postnatal day
10 (PN10). Blood [Pb] ([BPb]) was measured at different times. At PN60 fixed
retinas were processed for thin sections, vertical cryostat sections or whole mounts.
Retinas were stained with nuclear and molecular markers that define the various
retinal cell classes, and examined by light or laser scanning confocal microscopy.
Morphometric techniques were used to count outer and inner nuclear layer cells
(ONL: rods & cones; INL: bipolars/BCs, amacrines/ACs, horizontals/HCs; Muller
glia/MCs). On PN10 [BPb] were ~1, 10, 25 and 35 µg/dl, while at PN60 all values
were ~1 µg/dl. At PN60 there was a marked Pb-dependent increase in ONL and
INL cells. The quantitative increase was specific for the large population of rods
(rhodopsin +ve), rod BCs (PKC +ve & chx10 +ve), and cone BCs (PKC -ve &
chx10 +ve), which were confirmed by Western blots. In the same retinas, there was
a decrease in the small population of cones (M- & S-opsin +ve) with no change in
HCs (calbindin +ve), ACs (disabled-1 +ve glycinergics, GAD 65 +ve or ChAT +ve)
or MCs (GFAP or glutamine synthetase +ve). Low-level gestational lead exposure
in mice apparently switched the cell fate of some early-born (cones) to late-born
(rods & BCs) progenitor cells and markedly increased rod and BC proliferation.
The increased number of cells in the rod signaling pathway likely produces the
lead-induced supernormal ERGs. Although the molecular mechanisms underlying
this unique retinal phenotype are not yet known, our findings have relevance for
persistent alterations in many other organs and tissues. NIH Grants ES012482;
EY007551; EY007024.
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BCL-XL OVEREXPRESSION PROTECTS ROD
PHOTORECEPTOR SYNAPTIC TERMINAL
MITOCHONDRIA FROM LEAD-INDUCED
PERMEABILITY TRANSITION
G. A. Perkins2, J. Brown2, P. Lahsaei2, S. Ghassemzadeh2, M. H. Ellisman2, J.
E. Johnson1 and D. A. Fox1. 1University of Houston, Houston, TX and 2University
of California, San Diego, CA.
Photoreceptor apoptosis and visual deficits occur in man and animals with inherited and toxicant-induced retinal degenerations, retinal diseases and aging.
Mitochondria in rod and cone inner segments (RIS & CIS) are primary sites of ac-

tion, while those in synaptic terminals of rods (spherules) and cones (pedicles) have
not been examined. To determine the long-term effects of postnatal lead exposure
on rod spherule mitochondria, we used wild-type and transgenic mice overexpressing Bcl-xL in photoreceptors (Tg). To assess compartmental differences, the results
were compared to our RIS mitochondria findings (PNAS, 2003). Newborn
C57BL/6 mice were raised by dams drinking water (Con) or Pb solution throughout lactation. Blood [Pb] at weaning was 26 µg/dl. Immunocytochemistry, electron
microscopy (EM) and three-dimensional EM tomography studies used adult retinas from all four groups: Con, Tg, Pb and Tg+Pb. Bcl-xL localized to spherule mitochondria and all spherules had one large mitochondrion compared to ~5 per RIS.
EM studies also revealed that spherule mitochondria in Con, Tg and Tg+Pb mice
were in the orthodox configuration, whereas those in Pb mice were in the aggregated configuration and had increased matrix volumes. The crista junction (CJ) diameter of mitochondria in spherules of Con, Tg and Tg+Pb mice were smaller than
those in RISs and were further decreased in Pb mice. Interestingly, there were no
lead-induced changes in matrix volume or CJ size in RIS mitochondria. Our results
reveal striking compartmental differences between RIS and rod spherule mitochondria in Con and Pb mice. Consistent with our earlier work, Bcl-xL prevented the
Pb-induced alterations in spherule mitochondria: most likely by blocking the transition pore. These findings expand lead’s retinal sites of action, demonstrate the importance of compartmental analysis in neurotoxicology and have relevance for therapies in mitochondrially-mediated neurodegeneration. NIH Grants RR04050,
ES10337, ES012482, EY007551.

1792

EVALUATION OF ZINC TOXICITY USING NEURONAL
NETWORKS CULTURED ON MICROELECTRODE
ARRAYS

M. Parviz1, C. J. Fredrickson2 and G. W. Gross1. 1Biological Sciences, University of
North Texas, Denton, TX and 2Departments of Anatomy and Neuroscience, The
University of Texas Medical School, Galveston, TX. Sponsor: T. Shafer.
Murine neuronal networks, derived from embryonic frontal cortex (FC) and spinal
cord (SC) tissues and grown on microelectrode arrays, were used to investigate zinc
toxicity at high concentrations (50 to 300 uM total zinc acetate additions to culture
medium). The cultures were grown in serum-containing medium but were
switched to serum-free and albumin-free medium one to two hours before zinc applications. Continual multi-channel recording of spontaneous action potential generation allowed a quantitative analysis of the temporal evolution of network spike
activity at specific zinc acetate concentrations. Cultures responded with excitation
(4-15 min, SC; 30-70 min, FC) followed by a gradual irreversible activity decay.
The time to 50% and 90% activity loss was concentration dependent. In FC cultures, 250 uM zinc acetate resulted in a 50% activity loss in 65 min (n= 2). At 200
uM, zinc acetate resulted in a 50% activity loss in 73 +/- 7 min (n= 3). Above 100
uM total zinc, the activity loss was associated with cell swelling, blebbing, and neuronal lysing. Glia showed stress, but did not the extensive cell swelling. Network activity loss preceded the morphological changes and followed a power function for
the FC and SC tissues. The SC responses (n=10) were more sensitive. The level of
spontaneous activity in the native, pre-experimental state had no effect on the degree of toxicity. A total inhibition of activity with 2, 10, and 50 uM muscimol prior
to 300 uM zinc application did not prevent activity loss and cell death, suggesting
that the entry pathways for zinc are not activity dependent (n=3). Measurement of
free zinc in serum-free and albumin-free medium was 2nM. In serum-free medium
containing 200 uM zinc acetate, the free zinc concentrations ranged from 1–5 uM.
These results suggest that low levels of free zinc trigger irreversible loss of neuronal
activity and cell death, even when all initial spontaneous activity is blocked.
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MODERATE PERINATAL ARSENIC EXPOSURE
ELEVATES MARKERS OF SEROTONERGIC
NEUROTRANSMISSION IN DORSAL HIPPOCAMPAL
FORMATION OF ADULT MICE

E. J. Martinez, D. D. Savage and A. M. Allan. University of New Mexico School of
Medicine, Albuquerque, NM.
Arsenic is one of the most common contaminants in drinking water. While the carcinogenic potential of heavy arsenic exposure has received much attention, studies
now suggest that moderate arsenic exposure poses a threat to human cognitive development. We recently observed deficits in hippocampal-dependent learning in
adult mice whose mothers consumed 50 ppb arsenic in drinking water during pregnancy and until offspring weaning. Further, corticotrophin releasing factor (CRF)
and hippocampal glucocorticoid receptors are decreased in these arsenic-exposed
mice. Given that corticosteroids inhibit serotonin 5HT1A receptor expression, we
hypothesized that 5HT1A receptor number and function would be elevated in arsenic-exposed mice. We used in vitro autoradiography and microdensitometry to
measure 5HT1A receptor density and 5HT1A agonist-stimulated receptor G-protein
coupling in the hippocampus, parietal cortex, entorhinal cortex and inferior colliculus in control and arsenic-exposed mice.

SOT 2006 ANNUAL MEETING

367

Histological sections were incubated either with 2 nM [3H]-DPAT to measure
5HT1A receptor density or with 100 pM [35S]- GTPγS in the absence and presence
of DPAT to measure 5HT1A receptor-G protein coupling. A statistically significant
increase in specific [3H]-DPAT binding was observed in the dorsal hippocampal
formation of arsenic-exposed mice compared to controls. DPAT binding was also
elevated in parietal and entorhinal cortex, though not statistically significant. In addition, DPAT-stimulated [35S]-GTPγS binding was significantly elevated in dorsal
hippocampal formation of arsenic-exposed mice at a half maximally effective
(EC50) concentration of agonist. These results suggest that perinatal arsenic exposure increases 5HT1A receptor expression and function in several forebrain regions,
a consequence consistent with arsenic-induced damage to the CRF regulation of
the serotonergic system within the hippocampus.
Supported by NIEHS P30 ES12072, AA12400, and NIMH-COR T32
MH19101.
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NEUROTOXICITY OF ALUMIUM IN MOUSE BRAIN

M. Hwang, S. Kim, Y. Yum, J. Ko, S. Kim, J. Kim, C. Song, J. Kim and D.
Jang. General Toxicology, National Instititue of Toxicological Research, Seoul, South
Korea. Sponsor: J. Chung.
Parkinson’s disease (PD) is a progressive neurodegenerative disorder that is primarily characterized by the degeneration of dopaminergic neurons in the nigrostriatal
pathway. The clinical symptoms of PD are resting tremor, rigidity, bradykinesia and
postural instability. PD is one of the most common chronic progressive meurologic
disorders, affecting 3% of the population over the age of 65 with some indication of
increased prevalence in recent times. The cause of the disease is unknown, but considerable evdence suggests a multifactorial etiology involving genetic and environmental factors. 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) was discovered in 1982, when a group of drug addicts developed sub-acute severe
parkinsonism. The syndrome was caused by self-administration of a synthetic
jeroin analog that had been contaminated with a byproduct, MPTP, which is highly
lipophilc and readily crosses the blood-brain barrier. Althought the neurotoxic actons of aluminum (Al) have been well documented, its contribution to neurodegenerative diseases such as Alzheimer’s disease remains controversial. aluminum enters the human body via food, air, water, and drugs, and it is present in all body
tissues and organs, including brain.
In this research, Male C57/BL6 mice, 10 weeks were administered MPTP (20
mg/kg), aluminum (30 mg/kg, 60 mg/kg and 90 mg/kg) intraperitoneally at 2hr
interval four a day. 7 days following the injection, there was aluminum dose-dependent decrease in striatal dopamine (TH) concentrations. And our study demonstrates that aluminum can induce the apoptotic degeneration of astrocytes, and that
this toxicity is critical in determining neuronal degeneration and death.
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STRIATAL CFOS EXPRESSION DURING POSTNATAL
DEVELOPMENT IN THE RAT: EFFECTS OF
INORGANIC LEAD (PB) EXPOSURE AND
AMPHETAMINE CHALLENGE

Q. Cai and D. K. Pitts. Pharmaceutical Sciences, Wayne State University, Detroit, MI.
The expression of the immediate early gene, cFOS, is influenced by various neurotransmitter systems. Forebrain expression can be increased by the i.p. administration of amphetamine. This amphetamine-induced c-FOS expression has been
shown to be dependent on dopaminergic D1 and glutamatergic NMDA receptor
stimulation (e.g., see Robertson et al., 1991). Our laboratory previously reported
that postnatal Pb exposure of weanling rats (21-days-old) via drinking water for
three weeks, altered amphetamine-induced expression of the cFOS gene in the
striatum in an exposure level dependent manner (Lewis and Pitts, 2004). The
higher level exposure (250 ppm), but not the lower level exposure (50 ppm) completely inhibited amphetamine-induced cFOS expression. In addition, this study
suggested the lower, 50 ppm Pb exposure, but not the higher, 250 ppm exposure,
may directly stimulate cFOS expression. However, this previous study by Lewis and
Pitts did not examine the time course for the effects of Pb or amphetamine on
cFOS expression during this postnatal period. The time-course for the postnatal effects of Pb and amphetamine on cFOS expression was examined in the present
study. In this study Pb exposure (50 or 250 ppm) was not found to significantly induce cFOS expression. It was found that the response to amphetamine challenge
was age-dependent, and did not appear until the 6th postnatal week. No significant
amphetamine-induced effects were observed in the rats that were younger than 6
weeks. The induction of cFOS at the age of 6-weeks-old, however, was very large
and significant. This result suggests that cFOS expression in response to amphetamine challenge is highly age-dependent and that the stimulatory effect of amphetamine on cFOS expression is not fully developed until age 6-weeks-old. Further
more these results suggest that Pb exposure may either delay or prevent the development of amphetamine-induced cFOS expression. [Supported by ES09977]
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C-FOS EXPRESSION IS DIFFERENTIALLY ACTIVATED
BY METHYLMERCURIC CHLORIDE AND
PSYCHOGENIC STRESSORS IN THE MURINE BRAIN

J. F. Cooper. Toxicology, Rutgers University/ UMDNJ, Piscataway, NJ.
Methylmercury is a well known environmental neurotoxicant. Organic mercury exposure is a chemical stressor, but no evidence exists on its ability to influence stress
circuits in the brain. Measuring activation of stress-mediated transcription factors
such as cFos, cJun, MEK, ERK in response to a toxic insult are commonly used to
assess the response of a biologic system to chemical and bacterial stressors. To address these gaps in the literature, we examined the impact of an acute exposure to
methylmercuric chloride (8mg/Kg), with and without coincidental exposure to a
psychogenic stressor (open field, OF), on c-Fos immunoreactivity in the brain.
Male C57BL/6J mice given intraperitoneal (IP) injections of methylmercuric chloride (CH3HgCl) in the presence of the open field stressor were found to exhibit
high numbers of cFos-positive cells in the bed nucleus of the stria terminalis (BST),
paraventricular thalamic nucleus (PV), paraventricular nucleus of the hypothalamus (PVN), dentate gyrus (DG), and locus coeruleus (LC). Exposure to
CH3HgCl in the absence of the OF stress displayed similarly located, but less robust, presence of cFos positive cells. When compared to mice dosed with saline,
mice exposed to CH3HgCl exhibited a markedly reduced number of stereotypic,
thigmotactic line crossings in the open field. While mice placed into the open field
after being given an IP injection of saline exhibited a broad distribution of cFospositive cells within the lateral septum (LS) and BST with more focal aggregates in
the PV; all of which were less robust than both CH3HgCl-treated groups. Mice
given IP saline injection with no OF stressor had minimal amounts of PV, PVN,
BST, LC, and DG cFos protein. Studies are currently in progress to further define
these changes as a function of repeated subacute methylmercury doses, as well as
the ability of methylmercury to induce other immediate early genes and proinflammatory cytokine expression.
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PROTEOMIC ANALYSIS OF PB2+ EXPOSURE ON
PROTEINS IN THE AUDITORY BRAINSTEM

J. Prins and D. I. Lurie. Biomedical and Pharmaceutical Sciences and Center for
Environmental Health Sciences, University of Montana, Missoula, MT. Sponsor: A.
Holian.
Chronic lead (Pb2+) exposure during development is associated with learning disabilities and deficits in auditory temporal processing. Children with learning disabilities can also have deficits in auditory temporal processing, linking Pb2+ exposure, learning disabilities, and auditory temporal processing deficits. To elucidate
the effects of Pb2+ on the auditory system, the present study identified proteins in
the murine auditory brainstem that changed expression following Pb2+ exposure
during development. CBA mice were exposed to 0 mM (control), 0.01 mM (low),
or 2 mM (high) lead acetate during development. At P21, the ventral brainstem
(VBS) containing several auditory nuclei, was separated from the total brainstem
(n=10). A sequential extraction technique separated proteins into cytosolic, membrane, nuclear, and cytoskeletal fractions. Proteins from the membrane fraction
were separated by 2-D PAGE and identified by MALDI-TOF mass spectrometry.
Thirty proteins altered by Pb2+ exposure within the brainstem fraction were identified and of these, 19 were changed in the VBS fraction only, indicating that Pb2+
preferentially affects central auditory pathways. Proteins within the auditory brainstem that changed following Pb2+ exposure included: mitochondrial proteins, ER
proteins, glycolytic proteins, and proteins involved in synthesis and release of neurotransmitters. These Pb2+ induced protein changes may underlie the deficits in
auditory temporal processing following Pb2+ exposure during development.
Supported by NIH P20 RR17670; P20 RR 15583
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EFFECT OF SUBCHRONIC ARSENITE EXPOSURE ON
SENSORY SURAL NERVES OF RATS

E. Garcia-Chavez1, B. Segura2, H. Merchant3, L. C. Sanchez-Pena1, I. Jimenez4
and L. M. Del Razo1. 1Toxicology, Cinvestav, Mexico D.F., Mexico, 2FES-Iztacala,
UNAM, Mexico D.F., Mexico, 3IIB-UNAM, Mexico D.F., Mexico and 4Physiology
& Biophysics, Cinvestav, Mexico D.F., Mexico.
Inorganic arsenic (iAs) is considered a neurotoxic. In humans, this metalloid induced a notorious deficit in attention, memory and learning abilities as well as peripheral neuropathies. Such effects have been mainly associated to the presence of
arsenic in cerebral tissue. In this study we analyzed the presence of iAs and its
metabolites, the electrophysiological and histological characteristics, and the oxidative damage [thiobarbituric acid-reactive substances (TBARS) concentration] in peripheral sural nerves from control and iAs-exposed rats. Wistar male rats (230 g bw)
received sodium arsenite (10 mg/kg bw/day, gavage, for 30 days. On completion of
experimental period, rats were sacrificed by cervical dislocation. The sural nerves
from both hind limbs were carefully dissected out, washed, and divided into three

segments. One segment was immediately homogenized in ice-cold phosphate
buffer pH 7.4 for TBARS analysis and for arsenic species analysis. Second segment
was prepared for compound action potential (CAP) response, evoked by single electrical pulses and the last segment for histological examination. The results show
that dimethylarsenic (DMAs) was the most ubiquitous iAs metabolite in nerves of
exposed animals (~95%). TBARS concentration in sural nerves was significantly
increased in arsenite exposed group relative to control group (p<0.0001). In addition, a positive relationship was found between TBARS and DMAs content in
nerve (r2=0.9772; n=16; p<0.0001). Meanwhile, the CAP evoked in exposed
nerves showed a reduction in area (~35%; p=0.094), in velocity of conduction
(~26%; p<0.05), and reduction in axonal myelin sheath thickness (~56%;
p<0.001), than nerves from control rats. Our results suggest that the extent concentration of DMAs induced the oxidative damage in sural nerve, affecting the normal transmission of sensory information from periphery to the central nervous system.(Supported in part by CYTED, XI.23)
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NEUROTOXICITY EVALUATION OF DIBUTYLTIN IN
ADULT RATS

V. C. Moser, P. M. Phillips and K. L. McDaniel. NTD/NHEERL, USEPA,
Research Triangle Park, NC.
Dibutyltin (DBT) is widely used as a stabilizer in products such as PVC piping and
food wrapping, and has been detected in the environment (water samples, house
dust) as well as human liver samples. Animal studies, as well as in vitro systems,
have suggested neurotoxic, developmental, and immune effects at relatively high
exposure levels. To test the hypothesis that neurotoxicity is produced by repeated
DBT exposure, adult male and female Sprague-Dawley rats were exposed to DBT
in the drinking water (0, 10, 25, 50 ppm) for 4 weeks. Calculated DBT intake was
1.0, 2.3, and 4.3 mg/kg/day for males, and 1.2, 2.8, and 4.3 mg/kg/day for females.
Water consumption was decreased at all concentrations, but was statistically significant mostly at the high concentration only; however, body weight gain was not significantly altered. Neurobehavioral evaluations using a functional observational
battery (FOB) and motor activity were conducted before, midway through, and at
the end of exposure. After exposure ended, rats were tested for cognitive function
using a Morris water maze, with daily training conducted for two weeks, followed
by another FOB and motor activity evaluation. No meaningful changes were observed in any of the FOB measures, nor was motor activity altered at any time.
Spatial learning as well as memory (probe test with platform removed) were not altered. Thus, DBT did not produce any neurological or cognitive effects up to levels
that decreased fluid consumption.
This is an abstract of a proposed presentation and does not necessarily reflect US
EPA policy.
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STRESS AND DEPLETED URANIUM EXPOSURE ALTER
HIPPOCAMPAL DENDRITIC MORPHOLOGY IN THE
RAT

R. F. Mervis1, 4, D. S. Barber2, M. Ehrich3, S. Hancock3, J. Hinckley3, J.
Kotick1, 5, M. Shah1, T. Amato5 and B. S. Jortner3. 1Neurostructural Research
Laboratories, Tampa, FL, 2Center for Environmental and Human Toxicology,
University of Florida, Gainesville, FL, 3Laboratory for Neurotoxicity Studies, Virginia
Tech, Blacksburg, VA, 4Center for Aging & Brain Repair, University of South Florida,
Tampa, FL and 5The Honors College, University of South Florida, Tampa, FL.
Rats with intramuscular implantation of depleted uranium (DU) had increase of
this metal in the brain (Pellmar et al, 1999), and Gulf War I veterans with longterm residual DU shrapnel had lowered performance efficiency in selected neurocognitive tests (McDiarmid et al, 2000). This study was undertaken to assess neurotoxicologic effects of implanted DU in rats, with superimposed stress, focusing
on changes to the hippocampal pyramidal cells. Male Sprague-Dawley rats each
had 20 DU or tantalum (TA) pellets (1mm x 2mm) implanted in the gastrocnemius muscles for a six month period. Stress was applied 5 days/week for the entire
exposure period in a random pattern of handling, restraint, and swimming to minimize habituation. At terminal sacrifice, brain from animals exposed to DU, TA
(controls) or the combination of each metal plus stress were removed and stained by
the Golgi impregnation procedure (n=5/group). The dendrites of hippocampal
CA1 pyramidal cells were assessed using Sholl analysis. Initial findings (analysis of
5-10 neurons/group) show that relative to the TA controls, there was an increase in
dendritic material in the inner 1/3 of the arbor in rats administered DU alone. This
diminished in the outer 2/3 of the arbor, a region where the combination of stress
and DU elicited greatest dendritic material (e.g. 175 micrometers from soma
DU+stress had some 5 intersections/shell, other groups under 2). Hippocampal
uranium concentrations (ng/g by ICP-MS) were TA 0.34+/-0.2; TA+stress
0.45+/-0.38; DU 1.46+/-0.41; DU+stress 1.43+/-0.55. This work suggests that 24
weeks exposure to 20 implanted 1mm x 2mm DU pellets and to stress in rats
sculpts the dendritic tree of CA1 pyramidal neurons. (Supported by DAMD17-011-0775, USAMRMC)
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NEUROLOGICAL EFFECTS OF CHRONIC URANIUM
AND STRESS EXPOSURE

D. S. Barber1, S. K. Hancock2, J. Hinckley2, K. Zimmerman3, M. F. Ehrich2
and B. S. Jortner2. 1Center for Environmental and Human Toxicology, University of
Florida, Gainesville, FL, 2Laboratory for Neurotoxicity Studies, Virginia Tech,
Blacksburg, VA and 3Biomedical Science, Virginia Tech, Blacksburg, VA.
We have previously demonstrated that acute exposure to uranium produces increased brain uranium content and has adverse neurological consequences. In this
study, we examined the behavioral, biochemical and histological effects of 6 months
exposure to implanted metallic uranium pellets with and without concurrent stress.
A total of 20 uranium and/or tantalum pellets (1mm x 2mm) were implanted in the
gastrocnemius of each rat. Stress was applied 5 days/week for the entire exposure in
a random pattern of handling, restraint, and swimming to minimize habituation.
No effect of uranium was observed on behavioral endpoints, however stress decreased body weight and increased fine motor activity at times longer than 4 weeks.
Implantation of uranium pellets produced dose dependent increases in brain, kidney, plasma, and urine uranium levels. In striatum, uranium content increased
from 0.4 ng/g in control to 1.4 ng/g in animals implanted with 20 DU pellets.
Plasma samples taken during the course of exposure indicated that uranium was
consistently elevated. The highest dose of uranium caused significant decreases in
cerebellar norepinephrine (16%) and striatal dopamine (15%) which were not
modified by stress. No effect on total glutathione was observed in any brain region,
though stress tended to increase levels of GSH. Serum chemistry analytes and
hematocrit values were unremarkable across all treatment groups and there is no
data indicative of reduced glomerular filtration. These results demonstrate that intramuscular uranium fragments produce ongoing mobilization of uranium, that at
higher levels modify the tissue content of neurotransmitters in the CNS. These
changes were not associated with significant changes in behavior, motor activity or
memory. This work was supported by the Military Operational Medicine Research
Program by DAMD17-1-01-0775.
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LONG-TERM BEHAVIORAL CONSEQUENCES OF
MATERNAL LEAD (PB) AND STRESS: PREFERENTIAL
VULNERABILITY OF FEMALES

M. Virgolini, D. D. Weston, R. Lisek, M. Thiruchelvam and D. A. CorySlechta. Environmental and Occupational Health Sciences Institute, Robert Wood
Johnson Medical School, UMDNJ, Piscataway, NJ.
Pb exposures are highest in low socioeconomic status groups thought to experience
the highest levels of environmental stress, and both Pb and stress act on brain
mesolimbic dopamine systems. Correspondingly, we previously reported Pb by
stress interactions. This study extends those efforts to examine lower Pb exposure
concentrations and maternal vs offspring stress. Dams exposed to 0, 50 or 150 ppm
Pb acetate drinking water from 2 mos prior to breeding through lactation had
mean blood Pb values of <1, 11 and 31 ug/dl, respectively. A subset of dams in each
Pb exposure group also underwent restraint stress on gestational days 16-17. In addition, some offspring from each of the resulting groups underwent variable intermittent stress at 2 week intervals in adulthood (restraint, cold, novelty). Long-term
effects in offspring were examined on a Fixed Interval (FI) schedule of food reward,
a baseline with demonstrated sensitivity to Pb, in 5 day/week behavioral sessions.
Female offspring evidenced greater sensitivity to both Pb and stress than males.
Maternal Pb increased FI response rates only in females, effects initially concentration-dependent, but eventually restricted to 150 ppm. Maternal stress did not affect
FI rates in 0 and 50 ppm females, but markedly reduced rates in the 150 ppm
group by 30-60% across the experiment. In males, similar smaller magnitude reductions (10-30%) occurred in the 50 and 150 ppm maternal stress groups, but
only earlier in testing. The effects of direct stress to female offspring were seen only
at 50 ppm, with marked increases in FI response rates (30-100%) across testing.
Male offspring subjected to stress, however, did not differ from controls or Pb only
counterparts. These findings confirm interactions of both maternal and offspring
stress with Pb, at blood levels as low as 11 ug/dl, and preferential targeting of females. While associated mechanisms are yet unknown, the findings have clear implications for risk assessment and human disease.
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INDUCTIVE EFFECT OF PYRIDAZINE (PZ) ON
CYTOCHROME P4502E1 (CYP2E1) ALTERS THE
METABOLISM OF TRICHLOROETHYLENE (TCE)

S. Lee, C. A. White, S. Muralidhara, S. S. Anand and J. V. Bruckner.
Department of Pharmaceutical and Biomedical Sciences/Interdisciplinary Program in
Toxicology, University of Georgia, Athens, GA.
CYP2E1, which catalyzes the oxidation of many small volatile organic chemicals
such as TCE, is induced by a variety of xenobiotics (i.e., ethanol, acetone and aspirin), as well as by certain diseases (i.e., obesity and diabetes). CYP2E1 induction
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results in increased production of metabolites from TCE, leading to the potential
for increased cancer risks. Trichloroacetic acid (TCA) is generally believed to be the
mouse proximate hepatocarcinogenic metabolite of TCE. The objective of this
study is to investigate the effect of CYP2E1 induction on TCE’s metabolic profile,
including the toxicokinetics (TKs) of downstream metabolites, TCA, chloral hydrate (CH) and trichloroethanol (TCOH).
Young male Sprague-Dawley rats (n = 5, 175 g) were given PZ (200 mg/kg, ip) in
saline or saline (controls) daily for 3 days. Animals received TCE (200, 50 and 10
mg/kg, po), TCOH (50 mg/kg, iv) or TCA (50 mg/kg, iv). TCE, CH, TCOH and
TCA in collected blood and urine were analyzed by head-space GC. TK parameters of TCE, CH, TCOH and TCA were determined using WinNonlin. The most
prominent effects by PZ were on TKs of TCA. When TCA was dosed, half-life
(T1/2) was decreased significantly [control: 799 vs. PZ-induced: 248 min] and
TCA clearance (CL) was increased 3.2-fold by PZ. No change in the volume of
distribution was noted. After TCOH administration, TKs of TCA were not different from those observed after TCA dosing. However, after TCE administration,
TCA T1/2 in controls was significantly longer (3299 min) as compared to TCA
dosing indicating that TCA is a formation-rate limited metabolite. TCE dosed induced animals had similar TCA T1/2s as compared to those observed for TCA
after TCOH or TCA dosing. This suggests that PZ enhances systemic clearance of
TCA. More rapid clearance of the TCA may, in fact, be beneficial in that liver cancer risk from TCE would be reduced (Supported by DOE Cooperative Agreement
DE-FC09-02CH111090).
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TERTIARY AMYL METHYL ETHER (TAME) INCREASES
HEPATIC TOXICITY PARAMETERS AND ALTERS
XENOBIOTIC METABOLIZING ACTIVITY IN HEPATIC
AND RESPIRATORY TISSUES FOLLOWING AN ACUTE
ORAL EXPOSURE

J. L. Weissert and R. A. Schatz. Toxicology, Northeastern University, Boston, MA.
Contamination of underground water supplies with gasoline and its additives has
become an environmental and public health concern in recent years. MTBE,
methyl tert-butyl ether, has been banned in several states for its purported adverse
health effects. The safety of MTBE alternatives, such as TAME, has yet to be fully
elucidated. The aim of this study was to examine alterations in serum enzymes and
in the xenobiotic metabolizing capabilities in rat nasal mucosa, lung and liver at 1
h, 6 h and 24 h following oral exposure to TAME (500 mg/kg). All enzyme activities were quantified using specific probes. TAME increased liver/body weight ratios
and serum LDH levels 6 h and 24 h following a single oral dose. TAME also increased serum ALT/AST ratios 24 h following the oral gavage. TAME exposure resulted in inhibition of CYP1A1 (32%, 71%, 39%), CYP1A2 (59%, 84%, 60%),
CYP2A3 (56%, 88%, 45%), and CYP2B1 (42%, 73%, 76%) in the nasal mucosa
at 1 h, 6 h and 24 h, respectively. Nasal CYP2E1 was inhibited at 1 h (42%) and 6
h (56%) with recovery at 24 h while CYP3A was inhibited at 6 h (35%) only. Lung
CYP1A1 activity increased 34% (6 h) while all other CYP activities were unaltered.
Hepatic CYP1A1 activity increased 71% at 24 h whereas CYP2B1 activity increased at 6 h (141%) and 24 h (222%). In liver, CYP2A3 was inhibited at 1 h
(33%) and 24 h (36%) while CYP1A2 was inhibited only at 24 h (49%).
Microsomal GST activity was inhibited in the liver at 6 h (22%) and 24 h (21%)
and increased in the lung 24 h (70%) following the TAME dose. Hepatic cytosolic
GST activity was inhibited by 24% only at 1 h whereas nasal mucosa and lung
GST activity were inhibited at 6 h (26%) and 24 h (27%), respectively. These findings show a single oral dose of TAME may compromise the defense ability of host
tissue toward xenobiotic assault. Based on these alterations in CYP450 and GST activities coupled with an increase in hepatic toxicity parameters, TAME may not be
a suitable replacement for MTBE in gasoline.

1805

MECHANISM OF INACTIVATION IN HUMAN CYP2A6
GENETIC VARIANTS CYP2A6*2 AND CYP2A6*5

K. George1, X. He1, W. Hu1 and J. Hong1, 2. 1Joint program in Toxicology, Rutgers
University and UMDNJ, Piscataway, NJ and 2School of Public health/Environmental
and Occupational Health Sciences Institute, University of Medicine and Dentistry of
New Jersey, Piscataway, NJ.
Human cytochrome P4502A6 (CYP2A6) is a major enzyme responsible for the
metabolism of coumarin and nicotine as well as for the bioactivation of several tobacco-related carcinogens. Functional genetic polymorphisms of CYP2A6 may be
an important factor in determining an individual’s susceptibility to tobacco-related
cancers and smoking behavior. Several functional genetic variants of human
CYP2A6 have been identified. Among them, CYP2A6.2 (Leu160His) and
CYP2A6.5 (Gly479Val) have a single amino acid substitution which renders the
enzyme unstable and catalytically inactive. The present study examined the mechanisms of inactivation of these variants. The baculovirus/insect expressed CYP2A6.2
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lacks the typical P450 spectral peak and has a significantly lower protein level than
wild-type CYP2A6. Pulse chase experiments demonstrate that the Leu160His mutation substantially decreases the half-life of CYP2A6.2. The CYP2A6.5 is an unstable P450 as evidenced by the rapid loss of the 450nm peak and the concomitant
appearance of a peak at 420nm. Furthermore, the variant microsomal proteins
showed higher sensitivity to limited proteolysis by both proteinase K and trypsin
than the wild-type protein suggesting altered protein conformation in the variants.
The data collectively demonstrate that both Leu160 and Gly479 play an important
role in determining the function and structure of CYP2A6 protein. The inactivation of CYP2A6.2 is presumably due to instability of the protein while the inactivation of CYP2A6.5 is apparently due to its inability to maintain a stable structural
environment for heme binding.

1806

EFFECT OF AGE AND GENDER ON IN VITRO SMEPHENYTOIN HYDROXYLASE ACTIVITY AND
CYTOCHROME 2C19 PROTEIN EXPRESSION

S. M. Bandiera, A. Mirfazaelian and J. Sebelova. Faculty of Pharmaceutical
Sciences, University of British Columbia, Vancouver, BC, Canada.
The cytochrome P4502C (CYP2C) subfamily, which is active in the biotransformation of many clinically important drugs, is composed of at least four members,
CYP2C8, CY2C9, CYP2C18 and CY2C19 in humans. In order to explore the relationship between hepatic CYP2C19 expression and age and sex of human subjects, we measured (S)-mephenytoin 4-hydroxylase activity and CYP19 protein expression in liver microsome samples from 40 individuals (20 male, 19 female, 1
unknown, aged 2-71 yr.). Hepatic CYP2C8 and CYP2C9 protein levels were also
measured and compared with CYP2C19 expression. CYP2C19 protein content,
determined by immunoblot analysis, and (S)-mephenytoin 4-hydroxylase activity,
measured using an HPLC assay, were well correlated in all samples (r=0.70,
p<0.05), despite large inter-individual differences. The mean (S)-mephenytoin 4hydroxylase activity was significantly greater in female than male subjects (25 ± 6
versus 7 ± 2 pmole/min/mg protein, p<0.05). Likewise, hepatic CYP2C19 protein
levels were greater in samples from women (3.6 ± 0.9 pmole/mg protein) than men
(1.5 ± 0.4 pmole/mg protein). In contrast, there was no sex difference in hepatic
CYP2C8 or CYP2C9 protein levels. There was no significant correlation between
(S)-mephenytoin 4- hydroxylase activity or CYP2C19 protein expression with age.
Similarly, there was no significant correlation between age and CYP2C8, CYP2C9
or total CYP2C content. In summary, the results suggest that CYP2C19 expression
is greater in women than men although analysis of a larger number of samples is
needed before this sex difference can be verified.
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CYP1A1-GFP TRANSGENIC MOUSE MODEL:
FLUORESCENT BIOMARKER OF TOXICANT
EXPOSURE

T. N. Operana1, 2, N. Nguyen1, 2, S. Chen1, 2, D. Beaton1, 2 and R. H. Tukey1, 2.
1
Pharmacology, University of California, San Diego, La Jolla, CA and 2Chemistry &
Biochemistry, University of California, San Diego, La Jolla, CA.
CYP1A1 is a substrate-inducible gene that is regulated by the Ah receptor and can
lead to both the metabolic detoxification and bioactivation of compounds such as
polycyclic aromatic hydrocarbons (PAHs). Enhanced expression of CYP1A1 has
been associated with carcinogenesis resulting from substrate bioactivation. The induction of CYP1A1 is a hallmark of exposure to various classes of environmental
contaminants such as PAHs as well as chlorinated hydrocarbons. Measuring
CYP1A1 expression is a useful biomarker of exposure to these classes of contaminants in both aquatic and terrestrial habitats. As a tool to examine the regulation of
human CYP1A1 in vivo, we generated a transgenic mouse expressing a chimeric
gene consisting of the entire human CYP1A1 gene (15 kb) fused in frame to a GFP
reporter gene inserted at the last codon of exon 7 (Tg-1A1GFP). Characterization of
the Tg-1A1GFP founders demonstrated that CYP1A1-GFP was expressed in a tissueand cell-type specific manner. Expression was localized in the liver and lung after a
single intraperitoneal dose of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD), as determined by Western blot analysis using GFP and CYP1A1 specific antibodies.
Examination by fluorescence microscopy of expressed CYP1A1GFP was localized to
hepatocytes and Clara cells in liver and lung, respectively. Interestingly, human
CYP1A1 inducibility after oral administration of benzo[a]pyrene (BaP) was regulated differently than mouse Cyp1a1. Isolation of primary hepatocytes from the Tg1A1GFP mice showed increased GFP fluorescence after exposure to various types of Ah receptor ligands such as TCDD, BaP, 3-methylcholanthrene, and β-napthoflavone. Thus,
Tg-1A1GFP mice offer a unique tool to explore the regulation and expression of
human CYP1A1 in vivo as well as in vitro by measuring GFP fluorescence.
(Supported by USPHS grant ES10337)
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EVALUATION OF A RAPID ASSESSMENT FOR
MEASURING ENZYMATIC P450 ACTIVITY IN THE
IMMORTALIZED HUMAN HEPATOCYTE CELL LINE
FA2N-4
R. de Guzman2, L. D. Marroquin1, A. de Peyster2, G. Stevens1 and Y. Will1.
1
Safety Sciences, Pfizer, San Diego, CA and 2Graduate School of Public Health, San
Diego State University, San Diego, CA.
Hepatic cytochrome P450 induction can lead to drug-drug interactions causing either an increase in the bioactivation of drugs to toxic intermediates or increased
elimination causing decreased efficacy of therapeutics. Early within the drug discovery process there are very few ways to determine if new chemical entities have
the potential to induce P450. Many of these methods assess induction by gene transcription; however, this endpoint does not reflect enzymatic activity. Traditionally,
P450 activity is measured by incubating human hepatocytes with an isozyme-specific substrate with subsequent analysis by HPLC or LC-MS. Both methods can be
very time-consuming, labor intensive, and costly. Furthermore, human hepatocytes
are not always available and can vary substantially in their induction profiles. The
aim of this study was therefore two-fold: 1) to investigate the P450 induction potential within the human immortalized hepatocyte cell line, Fa2N-4; 2) determine
if the induction can be measured in a rapid throughput fashion within a 96-well
plate format using Promega’s P450-Glo assays. Rifampicin was used to induce
CYP3A4 and CYP2C9, and omeprazole for CYP1A2. RT-PCR and Western Blot
analysis was performed to analyze fold induction and amount of protein. Isozymespecific substrate turnover was measured with the P450-Glo assays and compared
to HPLC analysis. Isozyme-specific inhibitors were used to assess specificity of the
luminogenic substrate. These data demonstrate that a variety of P450 isoforms are
inducible in FA2-N4 cells therefore eliminating the need to run early induction
studies in primary human cells. Unfortunately, comparing the Promega Glow assay
to the enzymatic activity derived from the HPLC assay demonstrated that the Glow
assay appears to lack specificity for some P450 isoforms in the Fa2-N4 cells.
Therefore, additional work will be required to establish a simple rapid throughput
assay to measure enzymatic activity within cells.
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CHARACTERIZATION OF KNOCK-IN MICE
EXPRESSING SUBCELLULAR ORGANELLE-SPECIFIC
CYP1A1 PROTEIN
H. Dong, T. P. Dalton and D. W. Nebert. University of Cincinnati Medical Center,
Cincinnati, OH.
CYP1A1 is well known to participate in the detoxication and/or activation, of numerous polycyclic aromatic hydrocarbons. As is true of the majority of cytochromes
P450, the CYP1A1 protein historically was localized to the endoplasmic reticulum
(ER; microsomes); more recently, it was discovered that CYP1A1 is one of six
members of the microsomal CYP1, CYP2 and CYP3 families that can also be targeted to the inner mitochondrial membrane. Mitochondrial import of CYP1A1 occurs, after N-terminal processing exposes a cryptic targeting signal [J Biol Chem
1999; 274: 24014]. Mitochondrial (mt1A1) and microsomal (mc1A1) CYP1A1
exhibit both different substrate specificities and inducer properties. To understand
the physiological and toxicological variations between mt1A1 and mc1A1, we have
generated three knock-in mouse lines––starting with the Cyp1a1(-/-) knockout
genotype; the three lines have subtle changes in the N-terminus of the CYP1A1
protein. Cyp1a1(mtt/mtt) mice encode a truncated CYP1A1 protein that begins at
residue 33, deleting the ER-targeting signal and exposing the cryptic mitochondrial-targeting signal; localization of the CYP1A1 protein in these mice is currently
being studied. Cyp1a1(mtp/mtp) mice encode a CYP1A1 protein having Leu7Asn
and Leu17Asn mutations; this mutant is predicted to lack signal recognition particle (SRP)-binding and subsequent ER-targeting, but requires proteolysis for mitochondrial import. Following TCDD treatment of this mouse line, hepatic CYP1A1
fails to accumulate in the ER, but is present in the mitochondria. Cyp1a1(mc/mc)
mice encode a CYP1A1 protein having Arg34Asp and Lys39Ile mutations that
abolish the mitochondrial targeting signal. Following TCDD treatment of this
mouse line, hepatic CYP1A1 is present in microsomes at levels similar to induced
wild-type mice, but is not detectable in the mitochondria. Several CYP1A1-mediated toxicity studies will now be revisited, comparing these three knock-in mouse
lines. —-Supported in part by NIH grants R01 ES08147 and P30 ES06096.
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CYP1A1 IN LIVER AND INTESTINE PROTECTS, WHILE
CYP1B1 IN IMMUNE CELLS POTENTIATES, IN ORAL
BENZO[a]PYRENE-INDUCED DISEASE
N. Dragin1, S. Uno2, T. P. Dalton1, S. Derkenne1, C. P. Curran1, M. L. Miller1,
H. G. Shertzer1, F. J. Gonzalez3 and D. W. Nebert1. 1University of Cincinnati
Medical Center, Cincinnati, OH, 2Nihon University, Tokyo, Japan and 3National
Cancer Institute, Bethesda, MD.
In vitro, the CYP1A1 and CYP1B1 enzymes metabolically activate many PAHs, including benzo[a]pyrene (BaP), to reactive intermediates that are associated with
toxicity, mutagenesis and carcinogenesis. Hence, we had expected Cyp1a1(-/-)

knockout mice would be protected from oral BaP, but found just the opposite [Uno
et al, Mol Pharmacol 2004; 65: 1225]. We have now compared Cyp1a1(-/-),
Cyp1a2(-/-) and Cyp1b1(-/-) single-knockout and Cyp1a1/1b1(-/-) and
Cyp1a2/1b1(-/-) double knockout with Cyp1(+/+) wild-type mice. At an oral BaP
dose of 125 mg/kg/day, Cyp1a1(-/-) mice die within 30 days while Cyp1(+/+) mice
show no overt signs of toxicity. The rate of BaP clearance is 4-fold slower in
Cyp1a1(-/-) than Cyp1(+/+) mice. The cause of death in Cyp1a1(-/-) mice receiving
oral BaP appears to be immunotoxicity, including toxic depression of the bone marrow; toxic effects in Cyp1a1(-/-) mice are noted at BaP doses as low as 1.25
mg/kg/day. DNA post-labeling studies demonstrated dramatically higher BaPDNA adduct levels in all Cyp1a1(-/-) tissues assayed––except for small intestine,
which is likely a major site of BaP metabolism in Cyp1(+/+) mice. Cyp1a2(-/-),
Cyp1b1(-/-) and Cyp1a2/1b1(-/-) mice were similar to Cyp1(+/+), whereas
Cyp1a1/1b1(-/-) was intermediate between the Cyp1a1(-/-) toxic response and
Cyp1(+/+) complete resistance. Different BaP-DNA adduct patterns were also observed among the six genotypes studied. We conclude intestinal and hepatic
CYP1A1 (induced by oral BaP) is more important in detoxication, whereas
CYP1B1 in spleen/thymus/marrow is predominantly involved in activation of BaP,
resulting in immunotoxicity (in the genetic absence of CYP1A1). —-Supported in
part by NIH grants R01 ES08147 and P30 ES06096.

1811

MICE LACKING THE GENE FOR CYTOCHROME P450
(CYP)1A1 OR 1A2 DISPLAY DIFFERENTIAL
SUSCEPTIBILITIES TO HYPEROXIC LUNG INJURY

B. Moorthy, L. Wang, K. Muthiah, X. I. Couroucli, S. Kondraganti and W.
Jiang. Pediatrics, Baylor College of Medicine, Houston, TX.
Supplemental oxygen therapy is often required for treatment of preterm infants
having pulmonary insufficiency. However, prolonged exposure to hyperoxia injures
the lung in experimental animals, and recent studies have suggested a role for cytochrome P450 (CYP)1A enzymes in lung injury. Here we tested the hypotheses
that mice lacking the gene for the CYP1A2 would be more susceptible to hyperoxic
lung injury than wild type mice, while mice deficient in the gene for CYP1A1
would be less susceptible to oxygen-mediated injury. Twelve week-old male wild
type (WT) (+/+) (C57BL/6J), CYP1A2 (-/-), or CYP1A1 (-/-) mice were exposed
to hyperoxia (greater than 95% O2) or room air for 24-72 h. Pulmonary CYP1A1
expression was determined by determining enzyme activities, apoprotein contents,
and mRNA levels. CYP1A1 expression was studied by measuring the catalytic activities (fluorimetry), apoprotein contents (Western blotting), and mRNA levels
(real time RT-PCR). Eleven of 12 WT, 7/12 of CYP1A2 (-/-), and 12/12 CYP1A1
(-/-) animals survived 72 h of hyperoxia. The CYP1A2 (-/-) mice were more susceptible to lung damage than wild type mice, as determined by histology. On the
other hand, CYP1A1-null mice were less susceptible to lung injury, as inferred from
the significantly lesser extent of lung injury. Forty eight hours of hyperoxia caused a
2-3-fold increase in pulmonary EROD activities in WT, CYP1A2(-/-), and
CYP1A1(-/-) mice, and this was paralleled by enhancement in CYP1A1 apoprotein
and mRNA expression. However, the induction declined by 72 h. The increased
susceptibilities of CYP1A2 (-/-) mice and the decreased susceptibilities of
CYP1A1(-/-) mice to hyperoxic lung injury suggest that CYP1A2 and CYP1A1
have opposing roles in oxygen-mediated lung injury, with CYP1A2 being protective and CYP1A1 acting as an oxidant. That both these enzymes are upregulated by
hyperoxia liver suggests the novel mechanistic contribution of liver in oxygen-induced lung injury. (Supported by NIH grant ES009132 and HL070921.)

1812

ATTENUATION OF OXYGEN-INDUCED ABNORMAL
LUNG MATURATION IN RATS BY RETINOIC ACID:
POSSIBLE ROLE OF CYTOCHROME P4501A ENZYMES

X. Couroucli1, Y. Wei1, W. Jiang1, R. Barrios2 and B. Moorthy1. 1Pediatrics,
Baylor College of Medicine, Houston, TX and 2Pathology, The Methodist Hospital,
Houston, TX.
Supplemental oxygen is frequently used in the treatment of infants having pulmonary insufficiency, but prolonged hyperoxia may contribute to the development
of bronchopulmonary dysplasia (BPD) in these infants. Cytochrome P450 (CYP)
1A enzymes have been implicated in hyperoxic lung injury. Retinoic acid (RA)
plays a key role in lung development. Here, we tested the hypotheses that newborn
rats exposed to a combination of RA and hyperoxia would be less susceptible to
lung injury than those exposed to hyperoxia only, and that modulation of CYP1A
enzymes by RA contribute to the beneficial effects of RA against hyperoxic lung injury. Newborn rats exposed to hyperoxia for 7 days showed higher lung
weight/body weight (LW/BW) ratios compared to those exposed to RA + hyperoxia. Hyperoxia for 7 days also caused a significant increase in hepatic and pulmonary CYP1A1/1A2 expression compared to air-breathing controls. While RA
did not alter the expression of CYP1A genes, RA + hyperoxia treatment lowered the
expression of these genes. Thirty days after withdrawal of hyperoxia, animals that
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had been exposed to hyperoxia showed marked induction of hepatic and pulmonary CYP1A1/1A2 expression, but animals that had been given RA + hyperoxia
displayed lower expression of these enzymes. Hyperoxic animals displayed retarded
lung alveolarization; however, the RA + hyperoxia-exposed animals showed improved alveolarization. The improved alveolarization in animals given RA + hyperoxia, in conjunction with the attenuation of CYP1A1 and 1A2 expression in these
animals strongly suggests that these enzymes contribute to the development of abnormal lung maturation induced by oxygen.

1813

EFFECTS OF 3’,4’,3,5,7-O-METHYLATED EPICATECHIN
ON THE ARYL HYDROCARBON RECEPTOR AND CYP
1A1 IN MCF-7 HUMAN BREAST CARCINOMA CELLS

E. Han1, 2, J. Kim1, 2, K. Oh1, 2, Y. Hwang1, 2, T. Jeong3, E. Lee3 and H. Jeong1,
2 1
. Pharmacy, Chosun University, Kwangju, Kwangju, South Korea, 2College of
Pharmacy, Research Center for Proteineous Materials, Chosun University, Kwangju,
South Korea and 3College of Pharmacy, Yeungnam University, Kyungsan, South Korea.
(-)-Epicatechin is found in many foods and may have important effects on human
health. We examined the interaction of 3’,4’,3,5,7-O-methylated epicatechin
(MEC) with the carcinogen activation pathway mediated by the aryl hydrocarbon
receptor (AhR) in MCF-7 breast carcinoma cells. MEC treatment alone caused an
accumulation of CYP1A1 mRNA and increased CYP1A1-specific ethoxyresorufinO-deethylation in a dose dependent manner. MEC also activated the DNA-binding capacity of the AhR for the xenobiotic responsive element of CYP1A1 as measured by the electrophoretic-mobility shift assay (EMSA). However, MEC was able
to compete with the prototypical AhR ligand 2,3,7,8-tetrachlorodibenzo-p-dioxin
for binding to the AhR in isolated MCF-7 cytosol. MEC competitively inhibited
the mammary carcinogen dimethylbenzanthracene (DMBA)-induced CYP1A1 activity and the metabolic activation of DMBA, as measured by the formation of
DMBA-DNA adducts, and decreased DMBA-induced cytotoxicity. These results
suggest that the chemopreventive effect of MEC may be due, in part, to its ability
to compete with aryl hydrocarbons for both the AhR and CYP1A1.

1814

COMPARATIVE ANALYSIS OF GENE EXPRESSION BY
POLYCYCLIC AROMATIC HYDROCARBONS IN THREE
HUMAN CELL LINES: HEPG2, JURKAT AND A549 CELLS

F. Castorena-Torres1, M. Bermudez de Leon2, O. Zapata-Perez3, B. Cisneros2, J.
E. Salinas4 and A. Albores1. 1TOXICOLOGY, CINVESTAV-IPN, Mexico City,
D.F., Mexico, 2GENETICS, CINVESTAV-IPN, Mexico City, D.F., Mexico,
3
MARINE SCIENCES, CINVESTAV-IPN, Merida, Yucatan, Mexico and
4
SECRETARIA DE SALUD, CINVESTAV-IPN, Sabinas, Coahuila, Mexico.
Polycyclic aromatic hydrocarbons (PAH) are pollutants produced by the incomplete combustion of organic material. These chemicals are ubiquitously scattered in
the environment. These pollutants alter cell behavior at the gene expression level including the CYP450 enzymes; but the PAH precise effect on the human transcriptome has not been approached so far. We compared the effect of PAH extracts obtained from contaminated soil in the neighborhood of coke oven plants and
benzo[a]pyrene on gene expression of human hepatocytes (HepG2), pulmonary
cells (A549) and lymphocytes (Jurkat), since these cell lines are representative of
metabolism, first tissue contact or reflect whole body responses. Based on the lack
of effect of the experimental treatments on cell viability according to the MTT
assay, we selected the highest PAH extract concentration (0.32 mg/ml) to be assayed in the three cell lines. After total RNA extraction and cDNA preparation, a
microarray analysis was performed with a 10 000 human gene library, to determine
the PAH affects on the genome. The most responsive genes identified were involved
in metabolic processes such as cell cycle regulation, transcription, DNA replication
and signal transduction. From them, CYP1A1, CYP1B1, CYP4F8, Ferritin H and
ERCC5 were selected for microarray validation using a Real Time RT-PCR assay.
The relevance of these genes response as putative biomarkers for monitoring PAHs
effects is under investigation in our laboratory (Supported by grant CONACYTSEMARNAT, FOSEMARNAT-2004-01-293, Mexico).

1815

DOWN-REGULATION OF CYP3A4 IN HUMAN
PRIMARY HEPATOCYTES AND HUMAN LS180
COLORECTAL CARCINOMA CELLS BY
SULFORAPHANE

K. Gross-Steinmeyer1, C. Zhu2, P. L. Stapelton1, J. H. Tracy1, T. Bammler1, S.
C. Strom3, K. E. Thummel2 and D. L. Eaton1. 1Env. Occup. Health Sciences,
University. Washington, Seattle, WA, 2Pharmaceutics, University. Washington, Seattle,
WA and 3Pathology, University. Pittsburgh, Pittsburgh, PA.
Sulforaphane (SFN) is one of the most biologically active phytochemicals in the
human diet, present at high concentrations in broccoli and broccoli sprouts. SFN
has been promoted as a putative chemopreventive agent to reduce cancer and we
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have previously demonstrated that it provides substantial protection against aflatoxin B1 induced genotoxicity in human primary hepatocytes (HPH). It is well established that SFN and other isothiocyanates are effective inducers of phase II
detoxification pathways in animal models and this is thought to be the primary
chemopreventive mechanism. Consistent with animal studies, gene expression profiling of HPH treated with SFN showed increased mRNA levels of several detoxification enzymes including NAD(P)H:quinone oxidoreductase (NQO1) and
Glutamate cysteine ligase (both GCLM and GCLC). However, in contrast to animal studies, SFN had little effect on GSTs, but significantly down-regulated human
cytochrome P450 3A4 (CYP3A4) mRNA and protein levels at physiologically relevant micromolar concentrations in HPH. LS180 cells exhibit both constitutive and
inducible expression of CYP3A4. SFN also decreased constitutive CYP3A4 mRNA
levels and attenuated Rifampicin and RU486 mediated CYP3A4 induction in these
cells, indicating that nuclear receptors may be involved in this putative mechanism
of action. Importantly, CYP3A4 is expressed at high levels in liver and small intestine and dominates the metabolism of numerous pharmaceutical agents including
several chemotherapeutic drugs. There are large differences in CYP3A4 expression
and activity between individuals, which contribute to adverse drug reactions.
Although the molecular basis for these differences is not well understood, diet may
contribute to these differences. These results suggest that SFN may be a dietary
component affecting CYP3A4 expression. (Supported by NIH grants ES05780 and
P30-ES07033).

1816

INDUCTION OF CYTOCHROME P450 1A ON
EXPOSURE TO DIBENZO[a,l]PYRENE IN ZEBRAFISH
(Danio rerio)

G. E. Corley-Smith1, 2, B. Mahadevan1, E. Brooks1, J. Wang-Buhler1, W. M.
Baird1, 4 and D. R. Buhler1, 3, 4. 1Environmental and Molecular Toxicology, Oregon
State University, Corvallis, OR, 2Center for Genome Research and Biocomputing,
Oregon State University, Corvallis, OR, 3Marine and Freshwater Biomedical Science
Center, Oregon State University, Corvallis, OR and 4Environmental Health Sciences
Center, Oregon State University, Corvallis, OR.
Dibenzo[a,l]pyrene (DBP) is an environmentally relevant carcinogen as it is present
in diesel exhaust and cigarette smoke. It is one of the most carcinogenic polyaromatic hydrocarbons and is carcinogenic in zebrafish. Studies in mammals indicate
it is bioactivated by CYP1 family members to DNA binding diol epoxides (DE).
Covalent DNA adducts that are formed on interaction of DBP diol epoxide
(DBPDE) can induce mutations, resulting in tumors and cancer. In order to understand the metabolism of DBP and facilitate the use of zebrafish as a model system for carcinogenesis, we exposed zebrafish for 24 hrs starting at 6 days post fertilization (dpf ), to dimethylsulfoxide (DMSO) (negative control), DMSO solutions
of DBP (5.0 ppm), or β-naphthoflavone (BNF) (positive control, 3 ppm). Real
Time analysis was performed on each of three replicates of ten pooled 8 dpf fish per
treatment using Taqman technology on an ABI 7000 with β-actin used as an internal control. Relative to DMSO control, DBP exposure resulted in a five times
higher relative abundance of CYP1A mRNA as revealed by Real Time PCR, and
also an increase in formation of DBP-DNA adducts as revealed by 33P postlabeling
DNA adduct analysis. Taken together, our results suggest a link between DBP induced CYP1A mRNA levels and increased DBP-DNA adducts levels. Furthermore,
as DBP is carcinogenic in zebrafish, this suggests a link between increased DBPDEDNA adducts levels with increased tumor formation rates in zebrafish, with the implication that inducibility of CYP1A mRNA levels by DBP may be component of
cancer susceptibility in zebrafish. (Supported by NIEHS grants ES00210, ES03859
and ES11587).

1817

EFFECTS OF SIX POLYCYCLIC AROMATIC
HYDROCARBONS ON ACTIVITIES OF HEPATIC AND
PULMONARY CYTOCHROME P450S IN MALE
SPRAGUE-DAWLEY RATS

C. Jin1, T. Jeon1, S. Lee1, G. Kim1, I. Jun1, D. Lee1, H. Jeong2 and T. Jeong1.
1
College of Pharmacy, Yeungnam University, Gyeongsan, South Korea and 2College of
Pharmacy, Chosun University, Gwangju, South Korea.
Studies have established that there are multiple cytochrome P450 (CYP) enzymes
capable of catalyzing activation of a number of environmental procarcinogens to ultimate carcinogenic metabolites. In particular, CYP 1A1, 1A2 and 1B1 have been
shown to be the major enzymes in the metabolism of many polycyclic aromatic hydrocarbons (PAHs). In this study the effects of six PAHs, such as benzo[a]pyrene,
1,2-benzanthracene, 1,2:5,6-dibenzanthracene, chrysene, benzo[k]fluoranthene
and benzo[b]fluoranthene, on hepatic and pulmonary CYPs were evaluated in male
Sprague-Dawley rats. When six PAHs were treated orally with 3, 10 and 30 mg/kg
for 3 consecutive days, microsomal CYP 1A-selective ethoxyresorufin O-deethylase
and methoxyresorufin O-demethylase were significantly and differentially induced
in liver and lung, respectively. It was also found that hepatic activities of CYP 2B-

selective 7-benzyloxyresorufin O-dealkylase and 7-pentoxyresorufin O-dealkylase
were signicantly induced in liver by most PAHs tested. Moreover, CYP 2E1-selective p-nitrophenol O-hydroxylase was induced selectively in liver and lung. The relevance of the different patterns of rat CYP induction observed after PAHs treatment, in relationship to the characteristic inductive effects of individual PAHs on
certain CYP isozymes, would be developed as a marker for determining exposure to
certain PAHs. (Supported by the grant from Korea Science and Engineering
Foundation).
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DISRUPTION OF CYP1A2 GENE MODULATES 3METHYLCHOLANTHRENE-MEDIATED REGULATION
OF HEPATIC AND PULMONARY CYP1A1 EXPRESSION
IN MICE
W. Jiang, S. R. Kondraganti, K. Muthiah, L. Wang and B. Moorthy. Pediatrics,
Baylor College of Medicine, Houston, TX.
Humans are constantly exposed to polycyclic aromatic hydrocarbons (PAHs).
Cytochrome P4501A (CYP1A) enzymes play important roles in the activation of
PAHs such as 3-methylcholanthrene (MC) to genotoxic metabolites. We reported
earlier that exposure of rats to MC leads to persistent induction of hepatic microsomal cytochrome P450 (CYP)1A enzymes for up to 45 days (Moorthy, J.
Pharmacol. Exp. Ther, 294: 313-322, 2000). In this study, we tested the hypothesis
that CYP1A2, a liver-specific enzyme, plays an important role in the regulation of
CYP1A1 expression by MC. Eight week-old female wild type (WT) (C57BL/6J)
mice or CYP1A2 knockout (KO) mice were treated with a single dose of MC (100
µmol/kg) or vehicle (corn oil). Total hepatic CYP content and levels of hepatic and
pulmonary CYP1A1 mRNAs were determined at 1 and 15 days after treatment.
MC caused a two-fold increase in total hepatic CYP content in WT and KO mice
at 1 day compared to vehicle-treated controls. The CYP induction persisted for 15
days in WT mice, but not in KO mice. MC also elicited a 8-12-fold augmentation
of ethoxyresorufin O-deethlyase (EROD) (CYP1A1) in the WT and KO animals at
the 1 day time point. While induction persisted in the WT animals at 15 days, it
declined in the KO animals. Similar trends were observed when CYP1A1 apoprotein levels were determined by Western blotting. One day after dosing, MC
markedly induced hepatic and pulmonary CYP1A1 mRNA expression in WT as
well as KO mice, but the induction declined by 15 days, as determined by
Northern hybridization. In lung, on the other hand, while MC-induced CYP1A1
mRNA and protein expression was significantly attenuated in the WT mice at the
15 day time point, persistent induction of CYP1A1 was observed in the KO mice.
These results support the hypothesis that hepatic CYP1A2 plays an important role
in the regulation of CYP1A1 expression by MC in lung, a phenomenon that may
have implications for carcinogenesis by PAHs. (Supported by NIH grant
ES009132.)

1819

A CYP3A4 INDUCTION DATABASE CORRELATING IN
VITRO INDUCTION ASSAYS WITH CLINICAL
INDUCTION
C. Healan-Greenberg, E. L. Feucht, B. P. Murray, E. A. Blomme and J. F.
Waring. Abbott Laboratories, Abbott Park, IL.
The induction of drug metabolizing enzymes by xenobiotics can lead to drug-drug
interactions, autoinduction, and toxicity. In drug development, a new chemical entity that induces cytochrome P450 3A4 (CYP3A4) is of particular concern, as this
enzyme is involved in the metabolism of the majority of marketed drugs. Animal
studies are not sufficient to determine the induction potential of a new compound,
as induction effects are often species-specific. Consequently, in vitro assays in
human cells are used to assess induction potential, but there is little data correlating
in vitro CYP3A4 induction to the magnitude of induction that will be seen in the
clinic. Thus, it is currently difficult to determine whether or not a compound that
induces CYP3A4 in vitro will be a clinically significant inducer. In order to address
this issue, we have compiled a database of compounds that are known to induce
CYP3A4 to varying degrees in the clinic, such as rifampin, hyperforin, paclitaxel,
and troglitazone. We also included compounds such as probenacid that do not induce CYP3A4 in the clinic. We have performed human hepatocyte mRNA induction assays on these compounds in order to correlate our results with known clinical induction, allowing us to evaluate the predictive value of the in vitro induction
assays. This database has been useful in evaluating the CYP3A4 induction potential
of new candidate drugs.

1820

INDUCTION OF CYTOCHROMES P450 1A1, 2B AND 3A
IN RAT LIVER BY BITERTANOL
T. Ueng, P. Chan, Y. Tsai and C. Wei. Institute of Toxicology, National Taiwan
University, Taipei, Taiwan.
The effects of fungicide bitertanol on cytochrome P450-dependent monooxygenases were studied using rats treated with the N-substituted triazole derivative.
Treatment with 10, 25, and 100 mg/kg bitertanol intraperitoneally for 4 days in-

creased cytochromes P450 and b5 contents and NADPH-cytochrome c reductase
activity in liver microsomes in a dose-dependent manner. The treatment also increased liver microsomal 7-ethoxyresorufin O-deethylation, pentoxyresorufin Odealkylation, erythromycin N-demethylation, 7-ethoxycoumarin O-deethylation,
and benzo(a)pyrene hydroxylation activities. Bitertanol treatment produced increases of 7-ethoxyresorufin O-deethylation and 7-ethoxycoumarin O-deethylation
activities in kidney and lung microsomes. The results of protein blot and RT-PCR
analyses revealed that treatment of rats with bitertanol induced CYP1A1, CYP2B,
and CYP3A protein and mRNA in liver. CYP1A1 protein and mRNA were induced in kidney and lung by the fungicide. Additions of bitertanol to liver microsomes from rats induced with bitertanol resulted in decreases of microsomal 7ethoxyresorufin O-deethylation (IC50 = 0.8 µM) and pentoxyresorufin
O-dealkylation (IC50 = 66 µM) activities. In the Ames mutagenicity test, liver S9
from rats induced with bitertanol was more reactive than control rat liver S9 in
metabolic activation of benzo(a)pyrene mutagenicity in Salmonella typhimurium
strains TA98 and TA100. In contrast, additions of 10 and 100 µM bitertanol to
liver S9 decreased benzo(a)pyrene mutagenicity. These results show that bitertanol
has the ability to induce the catalytic activity, protein, and mRNA of CYP1A1,
CYP2B, and CYP3A in vivo and to inhibit P450-dependent monooxygenase activities in vitro.
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EFFECT OF FIPRONIL ON THE HEPATIC
MICROSOMAL CYTOCHROME P450 ENZYMES

M. R. Martinez-Larranaga1, V. Caballero1, M. J. Diaz1, M. A. Martinez1, M.
Martinez1, J. del Pino1 and A. Anadon1. 1Department of Toxicology and
Pharmacology, Complutense University, Madrid, Spain and 2Department of
Toxicology and Pharmacology, Complutense University, Madrid, Spain.
Fipronil is a highly active, broad spectrum insecticide from the phenyl pyrazole
family, which targets the GABA receptor. In addition to neurotoxicity, fipronil has
been reported to have the potential to induce thyroid cancer in rodents by enhancing the hepatic metabolism and excretion of thyroid hormone. Because of metabolism may be an important determinant of fipronil toxicity, this study was designed
to establish if fipronil interacts with microsomal cytochrome P450 system in rat
liver. Male Wistar rats were treated with fipronil (15 mg/kg/day orally for 5 days);
control animals received orally corn oil. Fipronil-treated and control animals were
sacrificed 24 h 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. O-demethylation of metoxyresorufin (MROD) and
O-deethylation of ethoxyresorufin (EROD) were determined from appearance of
resorufin measured fluorimetrically. Finally 6β- 7α-, 16α- and 16β-hydroxylations
of testosterone were also determined on the microsomal fraction by a HPLC
method.
___________________________________________________________
Effect of fipronil on rat hepatic mixed function oxidase system
___________________________________________________________
Percentage change over control
EROD (CYP1A1) : 78%**
MROD (CYP1A2) : 64%**
Oxidative testosterone metabolism
6β-hydroxytestosterone : 234%***
7α-hydroxytestosterone : 1105%***
16α-hydroxytestosterone : -78%***
16β-hydroxytestosterone : 448%***
___________________________________________________________
The results demonstrated that fipronil induced some members of CYP1A, CYP2A,
CYP2B and CYP3A subfamilies. These findings may prove a valuable contribution
for risk assessment of this insecticide.

1822

EFFECT OF DDT ON EXPRESSION OF HEPATIC
CYTOCHROME P-450 IN OVARIECTOMIZED RATS

A. Garcia-Jimenez, L. M. Lopez-Gonzalez, A. Sierra-Santoyo and M. E. Cebrián.
Toxicology, CINVESTAV-IPN, Mexico City, D.F., Mexico.
DDT is an endocrine disruptor and a cytochrome P-450 (CYP) inducer. CYP-depedent metabolism is regulated by age and gender. Information about the influence
of sexual steroidal hormones on CYPs hepatic expression by DDT is limited. The
objective of this study was to evaluate the effect of DDT on the absence of any estrogen supply on CYP hepatic expression in ovariectomized (ovx) rat. Ovx and
non-ovx Wistar rats (200±20 g) were administered a oral dose of DDT technical
grade (0.1, 1, 5, 10 and 100 mg/kg) dissolved in corn oil. Animals were sacrificed
24 h later and liver removed and processed to obtain microsomes. DDT increased
significantly total CYP in ovx rats at 10 and 100 mg/kg and non-ovx rats only at
the highest dose. Most of effects started to be significant from 5 mg/kg or lower.
Maximun effects on PROD and BROD enzyme activities were exhibited at 100
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mg/kg. PROD increased 107-fold in ovx and 73-fold in non-ovx rats while BROD
reached 22- and 115-fold in ovx and non-ovx rats, respectively. At the highest DDT
dose CYP2B1/2B2 protein content increased 27- (ovx) and 19-fold (non-ovx).
Good correlations between PROD and BROD and CYP2B protein content were
observed. DDT induced CYP2C11 protein content in ovx rats at least 2-fold at all
doses. Maximum effects on CYP3A2 protein expression were 6.4- and 18.1-fold in
ovx and non-ovx rats, respectively, at the highest DDT dose. EROD activity significantly increased only at 10 mg/kg and MROD activity was significantly affected in
ovx rats at 100 mg/kg (3-fold). These results indicate that in the absence of estrogens DDT increases expression of some male-related CYP isoforms. They also suggest the effects of DDT on the hepatic xenobiotic metabolism are related to hormonal status of the animals.

1823

THE EFFECT OF DIISOPROPYL ETHER (DIPE) ON
CYTOCHROME P450 ISOZYMES IN RESPIRATORY AND
HEPATIC TISSUES AFTER ACUTE AND SUB-ACUTE
INHALATION EXPOSURE
E. M. Stagliola and R. A. Schatz. Toxicology, Northeastern University, Boston, MA.
The Clean Air Act of 1990 mandated the addition of gasoline oxygenates to fuel in
order to increase combustion efficiency and reduce toxic emissions. Methyl-tertbutyl ether (MTBE) has been the most common oxygenate to date, but growing
concern on the health effects of MTBE has led to the proposal of alternative oxygenates such as ethanol, tert-amyl methyl ether (TAME) and diisopropyl ether
(DIPE). Decrease in the use of MTBE may increase use of alternatives such as
DIPE, however, information on DIPE is currently very limited. The aim of the
study was to examine the effect of 500ppm DIPE on CYP450 activities in rat nasal
mucosa, lung and liver after 1 day and 5 day inhalation exposure (6 h/day).
CYP450 activity was measured using specific enzyme probes. DIPE exposure inhibited nasal 2A3 (63%), 4B1 (67%), 3A4 (18%) following the one day exposure
and inhibited 2B1 (33%), 1A1 (41%), 1A2 (80%), 4B1 (59%) and 3A4 (61%)
with an increase in 2E1 (48%) after 5 days. The 1 day exposure inhibited pulmonary 2B1 (60%) and increased the activity of 2A3 (42%). After a 5 day exposure, 2B1 (48%), 1A1 (35%) and 3A4 (21%) were inhibited in the lung. In the
liver, DIPE exposure increased the activity of 2B1 (75%) and inhibited 3A4 (66%)
after 1 day. Following a 5 day exposure hepatic 2B1 and 1A1 activity increased
200% and 73% respectively. Alterations in enzyme activity were more pronounced
following the 5 day exposure compared to the 1 day exposure. In the nasal mucosa,
at 5 days there was inhibition of 2B1, 1A1, 1A2, attenuated inhibition of 2A3 and
3A4 and recovery of 2E1 compared to 1 day. In the lung, there was inhibition of
1A1, 2E1, and 3A4 after 5 days with recovery to control values of 2A3 when compared to 1 day. Hepatic 2B1 and 1A2 increased over 5 days when compared to 1
day. The effects of DIPE on the xenobiotic metabolizing system is an important
step in understanding the possible health outcomes of DIPE exposure that may affect its use as a fuel oxygenate.

1824

BUTHIONINE SULFOXIMINE (BSO) MODULATES
CYP1A ACTIVITY
M. E. Gonsebatt, G. Zamora and J. Espinosa Aguirre. Medicina Genomica y
Toxicologia Ambiental, Instituto de Investigaciones Biomedicas, UNAM, Mexico, DF,
Mexico.
Albendazole is a widely used antiparisitic drug which is metabolized mainly in liver
by flavin monoxygenasases and cytochromes CYP 3A to albendazol sulfone, which
is the active compound that induces and is inactivated by CYP1A1 and 2.
Polycyclic aromatic hydrocarbons (PAH) such as benzo(a)pyrene are classical inducers and substrates of CYP1A1. There have been reports showing that thiol depletion inhibited the induction of CYP1A1 by PAH. Since parasitic infections diminish GSH levels in liver, we decided to investigate if lowering GSH levels in liver
could modulate albendazole CYP1A1 induction. Male rats were intraperitoneally
injected with 20 mmol/kg of BSO and 3 hours later the animals received ip albendazole or B(a)P. Livers homogenates and microsomes were tested for GSH levels
and CYPs activity and protein expression respectively. BSO treatments modulated
the B(a)P induction of CYP1A1 while albendazole did not. These differences could
reflect different mechanism of cytochrome induction.

1825

EFFECTS OF DIELDRIN AND PHENOBARBITAL ON
THE LEVELS OF MESSENGER RNA OF
TOXICOLOGICALLY IMPORTANT GENES
M. Dail1, 2, S. Burgess2, 1, M. K. Ross1, 2 and J. Chambers1, 2. 1Center for
Environmental Health, Mississippi State, Mississippi State, MS and 2Basic Science,
Mississippi State, Mississippi State, MS.
The effects on the mRNA levels of several xenobiotic metabolizing enzymes, and
on nuclear transcription factors involved in the induction of some of the xenobiotic
metabolizing enzymes, were compared following treatment of rats with either the
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classical inducer phenobarbital or the persistent organochlorine insecticide dieldrin.
Changes in hepatic, total mRNA were examined via quantitative PCR (QPCR).
Adult male Sprague Dawley-derived rats were treated with either i.p. phenobarbital
in saline at 80mg/kg/day for 5 days or the organochlorine insecticide dieldrin in
corn oil by oral gavage at 2.5 or 5.0 mg/kg/day for 13 days. Control rats received
i.p. saline or p.o. corn oil for the same length of time. Statistically significant increases in mRNA levels were seen for UDP-glucuronosyltranferase 2B1
(UGT2B1), cytochrome P450 2B1/2 (CYP2B 1/2), and the constitutive androstane receptor (CAR), but not the pregnane X receptor (PXR) after exposure to
dieldrin, compared to controls. Following the phenobarbital treatment, statistically
significant increases were seen in CYP2B 1/2, CAR, and PXR, but not UGT2B1.
The carboxylesterase ES4 was not significantly altered by either treatment. Dieldrin
yielded up to a 40-fold increase in mRNA levels, whereas phenobarbital yielded no
more than a 10-fold increase. With these dosage paradigms, phenobarbital was
more effective at inducing PXR than was dieldrin, while dieldrin was more effective
at inducing UGT2B1, CAR, and CYP2B 1/2 than was phenobarbital, and these
two compounds yielded different patterns of increases in mRNA levels.
Supported by NIH P20RR017661
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COMPARATIVE STUDY OF THE EFFECTS OF
SPIRONOLACTONE, PREGNENOLONE 16 ALPHACARBONITRILE AND DEXAMETHASONE ON MOUSE
HEPATIC DRUG METABOLIZING AND OTHER
CHEMOPROTECTIVE ENZYMES

M. R. Franklin and W. M. El Sayed. Pharmacology and Toxicology, University of
Utah, Salt Lake City, UT.
The effects of spironolactone (i.p.), pregnenolone 16 alpha-carbonitrile [PCN]
(i.g.) and dexamethasone (i.p.) on male CF1 mouse hepatic enzymes were examined 24 hours after 3 daily doses (at 50, 100, and 200 mg/kg) in corn oil vehicle.
All three compounds produced modest dose-dependent elevations in CYP3A, glutathione S-transferase (CDNB) [GST] and NAD(P)H quinone oxidoreductase
(NQO) activities. While dexamethasone eliciting the largest response in CYP3A,
PCN elicited the largest response in GST and the lowest response in NQO. The
microsomal epoxide hydrolase [mEH] activity elevation was erratic with dose, and
UDP-glucuronosyltransferase activity (4-nitrophenol) was not increased by any
agent. Thioredoxin reductase [TRR] activity was also not altered by any agent
while glutathione peroxidase [GPx] activity was depressed by dexamethasone at all
dose levels. For all three agents, the GPx activity contrasted with the mRNA levels
which were elevated for all but the highest dose of dexamethasone. The mRNA responses of Meh and Nqo showed a close parallel to each other with no increases
with dexamethasone and spironolactone treatment, and elevations at the mid and
low doses of PCN. Ugt mRNAs (1a1, 1a6, 1a9, 2b5) also responded most to PCN,
and were affected least by dexamethasone. Elevations in Gst mRNAs (alpha, mu,
and pi) were seen with all doses of spironolactone but with dexamethasone treatment, only at the low and intermediate doses. With PCN, Gst pi elevations were
robust at all doses, GST mu responses were only seen at low and intermediate doses
and a Gst alpha response was only seen at the lowest dose. When a sufficiently large
number of hepatic enzymes are examined, the responses to dexamethasone,
spironolactone and PCN are far from identical, and any dose dependency appears
to be agent specific.
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ACTIVATION OF PREGNANE X RECEPTOR (PXR) AND
CONSTITUTIVE ANDROSTANE RECEPTOR (CAR) BY
OCTAMETHYLCYCLOTETRASILOXANE (D4) AND
DECAMETHYLCYCLOPENTASILOXANE (D5) IN VITRO

P. A. Jean1, J. A. Arthurton1, L. You2 and K. P. Plotzke1. 1Dow Corning
Corporation, Midland, MI and 2CIIT, Research Triangle Park, NC.
Induction of hepatic CYP2B1/2 and CYP3A1 by D4 and D5 has been demonstrated in the rat. CAR and PXR are involved in the selective induction of
CYP2B1/2 and CYP3A1, respectively. The ability of D4 and D5 to act as functional ligands for PXR and CAR was investigated in vitro utilizing reporter gene assays. Activation of PXR was investigated utilizing a HepG2 cell line stably transfected with human PXR and a reporter gene containing the enhancer/promoter
region of human CYP3A. Activation of CAR was investigated utilizing HepG2
cells transiently transfected with human and rat CAR and a reporter gene construct
containing human CYP2B6 promoter. D4 and D5 were added to the cell culture
medium at concentrations ranging from 1 – 1000 µM. Ethanol was used as the carrier solvent. Significant increases in PXR reporter gene expression were observed at
concentrations >31 µM D4 and > 5 µM D5. Maximal induction was observed at
125 µM D4 (≈640% increase) and 250 µM D5 (≈460% increase). D4 induced
significant increases in rat and human CAR reporter gene expression at concentrations of 5 - 250 µM and 1 - 250 µM, respectively. Maximum induction for each
was 62 µM with increases of about 5- and 11-fold, respectively. D5 induced a sig-

nificant trend of increasing rat CAR reporter gene expression with a maximum increase of about 175% at 250 µM. Individual dose-groups, although elevated above
the control, were not statistically different from the control. Similarly, increases in
human CAR activation were apparent with increasing dose, achieving statistical significance at 62 (≈600% increase) and 250 µM D5 (≈450% increase). D4 and D5
demonstrated the ability to relieve androstenol-induced repression of rat CAR.
These data suggest that D4 and D5 are functional ligands for PXR and CAR consistent with their phenobarbital-like activity. (This work was supported by the
Silicones Environmental, Health and Safety Council of North America)
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ST. JOHN’S WORT REDUCES TRIBROMOETHANOLINDUCED SLEEP TIMES IN SXR TRANSGENIC MICE

S. E. Lacher, L. M. Oko, A. C. Protain, H. J. Protain, C. S. Gardiner and G.
DeKrey. School of Biological Sciences, University of Northern Colorado, Greeley, CO.
Some herbal supplements, such as Saint John’s wort (SJW), have been shown to reduce the efficacy of various conventional drugs. The mechanism of these interactions is thought to involve induction of hepatic cytochrome P450 3A (CYP3A), enzymes that are responsible for the metabolism of approximately 40% of
prescription drugs. Transcriptional regulation of CYP3A is governed in part by a
nuclear receptor called the steroid and xenobiotic receptor (SXR). The ligand specificity of the SXR differs between mice and humans. Therefore, a transgenic mouse
expressing the human SXR, but not the mouse homolog (PXR), was tested as a
whole animal model to screen for potential herb-drug interactions. Wild type mice
were pretreated with water (control) or SJW extract at 10, 100 or 1000 mg/Kg/day
po. for 1, 7, 14 or 21 days and then anesthetized with tribromoethanol (TBE), a
drug that is metabolized by CYP3A. TBE-induced sleep times were used as an
index of potential CYP3A induction. When compared with controls, pretreatment
with SJW for a minimum of seven days resulted in TBE-induced sleep times that
were significantly reduced by 30% or more (p < 0.05), but only in the highest dose
group. Pretreatment with dexamethasone (5 mg/Kg), a ligand for the PXR, led to
similarly significant sleep time reductions. Based on these results, SXR transgenic
mice were given water (control) or SJW extract po. at 1000 mg/Kg/day for 1 or 7
days prior to anesthesia with TBE. When compared with controls, pretreatment
with SJW for seven days resulted in TBE-induced sleep times that were significantly
reduced by approximately 25% (p < 0.05). Pretreatment with rifampicin (5
mg/Kg), a ligand for the SXR, led to similarly significant sleep time reductions.
Pretreatment of SXR/PXR-null mice with dexamethasone (5 mg/Kg) failed to reduce TBE-induced sleep times. These results support the utility of the SXR transgenic mouse as a whole-animal screening tool for drug interactions.
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INDUCTION OF HEPATIC ENZYME EXPRESSION BY PNONYLPHENOL (NP)IS MODULATED BY DIET IN
MALE SPRAGUE-DAWLEY RATS

X. Fu, S. M. Cooper and K. B. Delclos. National Center for Toxicological Research,
Jefferson, AR.
NP, a potential endocrine disruptor, induced severe polycystic kidney disease
(PKD) when fed to young rats in a soy-free diet at 1000 and 2000 ppm. In addition, relative to soy-free diet, soy-containing diet protected against NP-induced
PKD in rats. To investigate the potential role of hepatic enzymes involved in this
toxicity, weanling rats were placed on either Purina 5K96 (soy-free) or 5001(soycontaining) diets and mated within diet groups. Half of the pregnant dams in each
group were given feed containing 2000 ppm NP from gestation day 7 and half were
maintained on control diet. The pups were continued on the same treatment as
their dams after weaning and were terminated at postnatal day (PND) 14, 21, or
50. Bodyweight was significantly lower in NP-treated rats in all age groups, and was
in general higher in rats fed 5001 relative to rats fed 5K96 diet for both control and
NP-treated groups. Relative liver weight was significantly decreased by NP treatment in PND14, but not PND 21, rats. At PND 50, relative liver weights were elevated by NP in rats fed 5001, but not 5K96. mRNA (real time RT-PCR) and protein (Western blot) expression of hepatic CYP2Bs, the major CYP reported to
metabolize NP in rats, were increased 2~17-fold and 4~32-fold, respectively, by NP
in PND21 and 50 rats. Induction of CYP2B1/2 protein was 6-fold higher in rats
fed 5001 relative to rats fed 5K96 at PND21, but 3.3-fold lower at PND50. A similar dietary pattern was found for CYP2B1, but not CYP2B2, mRNA induction. In
addition, NP caused 1.3~1.4-fold increases in microsomal UDP-glucuronosyltransferase and cytosolic glutathione-S-transferase activities in PND50 rats. The results indicated that NP, at dose that caused PKD in rats fed 5K96, induced expression and/or activity of phase I and II enzymes in liver without apparent
hepatotoxicity. A further experiment in rats fed 5K96 indicated a dose-dependent
CYP2B induction by NP at and above 500 ppm. Dietary modulation of NP induction of hepatic CYP2Bs appeared to be age-dependent, although its role in NP-induced PKD is still unclear.
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NONYLPHENOL INDUCES P450S IN A GENDERSPECIFIC MANNER

J. P. Hernandez, L. M. Chapman, X. C. Kretschmer and W. S. Baldwin.
Biological Sciences, University of Texas at El Paso, El Paso, TX.
Nonylphenol (NP) is a breakdown product of nonylphenol ethoxylates, which are
used in a variety of industrial, agricultural, household cleaning, and beauty products. It is one of the most commonly found toxicants in the United States and
Europe, and is considered a toxicant of concern because of its long half-life. NP is
an environmental estrogen that has been shown to activate the pregnane X-receptor
(PXR) and in turn induce P450s. We provided NP at 0, 50 or 75 mg/kg/day for 7
days to male and female FVB/NJ (5-7 weeks) mice. Mice were euthanized, livers
excised, and cut into several pieces for RNA isolation and protein fractionation. QPCR was performed using primers to several CYP isoforms regulated by PXR. In
female mice, NP induced Cyp2b10 and Cyp2b13, and down-regulated Cyp3a41
and Cyp3a44 expression. In contrast, male mice treated with NP showed increased
expression of Cyp2a4, Cyp3a25, Cyp2b9, Cyp2b10, and Cyp2d10. Expression of
Cyp2d10 was only observed in males; expression of Cyp3a44 was only observed in
females. Western blots demonstrated induction of Cyp2b in both males and females. However, we observed dose-dependent down-regulation of Cyp3a in females
only, and induction of Cyp2a in males only. Testosterone hydroxylase assays confirmed the immunoblotting and Q-PCR results, and demonstrated gender-specific
effects, as 16α-hydroxylase activity was only induced in males. In conclusion, NP
causes gender specific P450 induction and therefore exposure to NP may cause distinct pharmacological effects in males compared to females.
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14-WEEK ORAL TOXICITY STUDIES OF KAVA IN F344
RATS: IMMUNOHISTOCHEMICAL ANALYSIS OF
EXPRESSIONS OF HEPATIC CYTOCHROME P450

N. P. Clayton1, K. Yoshizawa2, G. Kissling1, P. Chan1, L. T. Burka1 and A.
Nyska1. 1NIEHS, Research Triangle Park, NC and 2Astellas Pharma, Osaka, Japan.
Kava (Piper methysticum), used for relaxation and pain relief, was one of the leading tropical herbs sold in the USA. Because consumption of Kava has been linked
to hepatic injuries and even liver failure, it has been banned in Europe, Australia,
and Canada and is subject to cautions and advisories issued by the US FDA. Kava
toxicity in humans has been attributed to a CYP2D6 deficiency. We studied the relationship between hepatocellular toxicity and the expression of CYP enzymes in
groups of 10 male and 10 female F344 rats administered Kava extract by gavage at
0, 0.125, 0.25, 0.5, 1.0, and 2.0 g/kg/d, 5d/wk for 14 weeks. Gamma-glutamyltranspeptidase (GGT) activities were significantly increased in the 2.0 g/kg males
and 1.0 and 2.0 g/kg females. Serum cholesterol levels were significantly increased
in males and females dosed at 0.5 g/kg and higher. A dose-related increase in mean
absolute and relative liver weights was noted in both sex groups.
Histopathologically, increases in incidence and severity of centrilobular hepatocellular hypertrophy were noted in all treated groups. Immunohistochemical staining
from 5 animals of each sex of the control and 1.0- and 2.0 g/kg-treated groups indicated that the expression of CYP2D1 (human CYP2D6 homologue) was slightly
decreased, significantly for 2.0 g/kg females (p = 0.024). No change was seen in expression of CYP2E1. Increased expression of CYP2B1/2 was observed for both
sexes (p < 0.001). The data indicate exposure to Kava affected the serum cholesterol
and GGT, and hepatic levels of P450s. The slight effect on CYP2D1 expression was
probably not sufficient to explain the toxicity. Significantly increased protein expression of CYP2B1 and/or CYP2B2 indicates that the usual pathway for drug metabolism may be inhibited competitively by a Kava constituent, which may then be
metabolized by a CYP2B, normally present at low levels. Therefore, metabolism by
a CYP2B and/or other P450 enzymes may lead to different, possibly toxic, drug
metabolites.
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CLONING, EXPRESSION AND PARTIAL
CHARACTERIZATION OF A NOVEL CYTOCHROME
P450 FROM TURKEY LIVER THAT CATALYZES
EPOXIDATION OF AFLATOXIN B1

R. A. Coulombe and S. S. Yip. Graduate Toxicology Program and Department of
Veterinary Sciences, Utah State University, Logan, UT.
Previous studies in our laboratory have shown that efficient P450-mediated activation underlies the extreme sensitivity of poultry, specifically turkeys, to the toxic effects of the mycotoxin aflatoxin B1 (AFB1). Using 3’- and 5’- rapid amplification
of cDNA ends (RACE), we amplified from turkey liver RNA a full-length 1.73kb
cDNA predicted to be 528 amino acids with 94.7% sequence identity to an hepatic
CYP1A5 from chicken. A truncated construct of the turkey CYP1A5 gene with 29
amino acids deleted from the hydrophobic NH2-terminal region was cloned and
heterologously expressed in Escherichia coli. The modified recombinant CYP1A5
expressed from E. coli membranes had a CO-binding spectrum typical of P450s,
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and it catalyzed the O-dealkylation of the CYP1A prototype substrates ethoxyresorufin and methoxyresorufin. CYP1A5-mediated O-dealkylation of methoxyresorufin was completely inhibited by α-naphthoflavone, a specific CYP1A inhibitor.
Inhibitors to other mammalian P450 isoforms (3A4, 2D, 2E, and 3A1) either
slightly inhibited this activity, or not at all. CYP1A5 metabolized AFB1 to form
two metabolites: the reactive intermediate, AFB1-8,9-epoxide (AFBO) (4:1, exoepoxide: endo-epoxide) (Km = 65±12µM; Vmax = 0.61±0.037nmol/min/nmol
P450 for AFB1 exo-8,9-epoxide) and aflatoxin M1 (AFM1) (Km = 34±9µM;
Vmax = 0.91±0.070nmol/min/nmol P450). Polyclonal serum prepared from the
purified protein did not inhibit AFB1 oxidation activity in E. coli expressed protein
or that from turkey liver microsomes. Because of the importance of AFBO and
AFM1 in the toxicity of AFB1, we conclude that this P450 probably plays some
role in the well-known hypersensitivity of turkeys to AFB1. To our knowledge, this
is the first P450 cloned and sequenced from turkeys. (Supported in part by USDANRI competitive grant 2002-35204-12294)
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GENERATION AND CHARACTERIZATION OF A
CYP2A13 TRANSGENIC MOUSE MODEL

Y. Wei1, 2, X. Zhou1, 2, G. Ling1, X. Zhang1, J. D’Agostino1, 2, J. Gu1, K.
Kluetzman1, 2 and X. Ding1, 2. 1Wadsworth Center, New York State Department of
Health, Albany, NY and 2School of Public Health, State University of New York at
Albany, Albany, NY.
The aim of this study was to prepare and characterize a CYP2A13-transgenic
mouse model for studies on the in vivo role of this human P450 monooxygenase in
the toxicity of xenobiotic compounds. CYP2A13 is predominantly expressed in the
respiratory tract in humans, and heterologously expressed CYP2A13 is highly efficient in the metabolic activation of NNK, a tobacco-specific carcinogen, as well as
other chemical compounds. A genomic fragment containing the full-length
CYP2A13 gene, obtained from a bacterial artificial chromosome clone, was isolated, and used for transgenic mouse production. A positive transgenic founder was
identified through PCR and Southern blot analysis of tail DNA. Further Southern
blot analysis indicated that the CYP2A13 transgene, with approximately 200 kilobase pairs of flanking sequences, was intact, with the transgene present in multiple
copies in the mouse genome. Initial characterization of F1 heterozygotes indicated
that the CYP2A13 transgene mRNA as well as protein were abundantly expressed
in the nasal mucosa. CYP2A13 mRNA and protein were also detected in the transgenic mouse lung, albeit at much lower levels than found in the nasal mucosa. The
CYP2A13 mRNA was also detected by RNA-PCR in small intestine, liver, and
testis, but not in heart and kidney, of the transgenic mice. Thus, the tissue distribution of transgenic CYP2A13 expression agreed well with the respiratory tract-selective expression of CYP2A13 in humans, and that of CYP2A5 and CYP2A3 in mice
and rats, respectively, suggesting that the regulatory elements for tissue-selective
CYP2A13 expression are fully contained in the transgene fragment. Further characterization of the transgenic mouse is underway to demonstrate the activity of the
transgenic CYP2A13 in the metabolism and toxicity of known nasal toxicants.
(Supported in part by NIH grant ES-013337)
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ZEBRAFISH CYTOCHROME P450 3C1: CLONING,
DEVELOPMENTAL EXPRESSION, PHYLOGENETIC
AND IN SILICO GENE ANALYSIS

J. Wang-Buhler1, H. Tseng4, C. Hu4, H. Su4, G. E. Corley-Smith1 and D. R.
Buhler1, 2, 3. 1Environment & Molec. Toxicology, Oregon State University, Corvallis,
OR, 2Marine and Freshwater Biomedical Sciences Center, Oregon State University,
Corvallis, OR, 3Environmental Health Sciences Center, Oregon State University,
Corvallis, OR and 4Institute of Bioscience and Biotechnology, National Taiwan Ocean
University, Keelung, Taiwan.
The cytochromes P450 (CYP) are a superfamily of monooxygenase enzymes responsible for the metabolism of a wide range of endogenous and xenobiotic compounds. Here we present the first member, CYP3C1 (GenBank Accession No.
AY499002), of a new CYP3 subfamily from zebrafish (Danio rerio), obtained
through PCR based on two zebrafish CYP3A family ESTs: AI332015 and
AI330590. Its ORF has 1,518 bases from 13 exons on chromosome 3 encodes a
505 amino acid protein with MW 57,531.61/pI 8.52. In silico analysis showed related tandem duplications and pseudogenes on the same chromosome. BLASTp
search mainly matched CYP3A subfamily members with identities of 47-48% to
CYP3As from other fish species, 51% to zebrafish CYP3A65, 40-44% to mammalian CYP3As and 51-53% to pufferfish (Fugu rubripes) CYP3Bs. Phylogenetic
analysis demonstrated that CYP3C1 together with pufferfish CYP3B1 and
CYP3B2 formed a third distinct clade that was separated from the teleost CYP3A
and mammalian CYP3A clades. CYP3C1 mRNAs were detected using RT-PCR in
1-6 dpf embryo/larvae and in adult fish liver, intestine, ovaries, and to a lesser extent in eye, gill, heart and skin. Using a riboprobe in whole-mount in situ hybridization, the CYP3C1 transcripts were detected in the brain prior to hatching
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and in the gastrointestinal tract at 5 days during the larval stage. TCDD, dexamethasone and rifampicin which enhanced CYP3A65 mRNA level in larvae in comparison to controls, did not alter the CYP3C1 transcript levels suggesting possible
regulatory differences between CYP3A and CYP3C subfamilies in zebrafish. (DRB
support is from NIH grants Nos. ES00210, ES03859 and ES11587 and CHH is
funded by NSC-Taiwan [94-2313-B-019-019]).
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FUNCTIONAL CHARACTERIZATION OF HUMAN AND
MOUSE CYTOCHROME P450 2S1 PROTEINS USING A
BACTERIAL RECOMBINANT EXPRESSION SYSTEM

P. H. Bui1, 2 and O. Hankinson1, 2, 3. 1UCLA Molecular Toxicology I.D.P., University
of California-Los Angeles, Los Angeles, CA, 2Pathology and Laboratoty Medicine,
University of California-Los Angeles, Los Angeles, CA and 3Molecular Biology
Institute, and Johsson Comprehensive Cancer Center, David Geffen School of
Medicine, University of California-Los Angeles, Los Angeles, CA.
A novel cytochrome P450, CYP2S1 was recently identified in human and mouse
and shown to be inducible by dioxin and polycyclic aromatic hydrocarbons. This
induction is mediated by the Aryl Hydrocarbon Receptor (AHR). In the human,
CYP2S1 is highly expressed in epithelial cells of tissues that are exposed to the environment, such as the skin, the respiratory and intestinal tracts, and in many tumors
of epithelial origin. To characterize the function of CYP2S1, we have successfully
cloned and overexpressed both the human and the mouse CYP2S1 cDNAs along
with the cDNA of the human NADPH-P450 reductase in Escherichia coli. High
expression levels of both human and mouse CYP2S1 was achieved, ranging from
50-70 nmole membrane-bound P450 per liter of culture. Activity of CYP2S1 proteins was demonstrated toward a number of procarcinogens. Both recombinant
human and mouse CYP2S1 proteins metabolized Aflatoxin B1.In addition,the recombinant human CYP2S1 metabolized Benzo[a]pyrene, Naphthalene, and alltrans retinoic acid. These data indicate that CYP2S1 may play an important role in
human health, particularly by metabolizing xenobiotics and by bioactivating procarcinogens to mutagenic derivatives.
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THE BASES FOR INTER-INDIVIDUAL DIFFERENCES IN
SUSCEPTIBILITY TO ALLERGIC DISEASE

I. Kimber1 and F. Gerberick2. 1Syngenta, Macclesfield, United Kingdom and 2Procter
& Gamble, Cincinatti, OH.
Allergy is a diverse family of diseases that continues to provide important and substantial challenges for toxicology and occupational and environmental medicine.
Skin sensitization, resulting in allergic contact dermatitis, represents the most common manifestation of immunotoxicity in humans, and the prevalence of atopic allergy has increased significantly in the USA and Europe. In recent years there have
been impressive advances made in the identification and characterization of chemicals and proteins that have the potential to cause allergic sensitization, and in the
development of improved approaches to risk assessment. However, there remains
considerable uncertainty about the factors that determine well-documented interindividual differences in susceptibility to chemical and protein allergy. The purpose
of this Symposium is to review new and emerging information on the cellular and
molecular mechanisms responsible for heritable and acquired differences in susceptibility to allergic diseases.
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CHEMICAL AND PROTEIN ALLERGY:
IMMUNOLOGICAL MECHANISMS AND CLINICAL
CHARACTERISTICS

I. Kimber. Syngenta, Macclesfield, United Kingdom.
Allergy can be defined as the adverse health effects that may result from the stimulation of a specific immune response. Allergy can be induced to both chemicals and
proteins, and may take a variety of forms. Those of greatest interest to practising
toxicologists being: skin sensitization resulting in allergic contact dermatitis, sensitization of the respiratory tract, to either chemical or protein allergens, associated
with rhinitis and/or asthma, and poorly defined local or systemic reactions manifest
usually at low frequency and associated with treatment with certain drugs. Various
immunological mechanisms are implicated in the acquisition of sensitization and
the elicitation of allergic reactions. Effective skin sensitization is dependent upon
cell-mediated immune responses with T lymphocytes playing pivotal roles in allergic contact dermatitis. In contrast, respiratory allergy is frequently associated with
IgE antibody responses. In all instances allergic responses are dependent upon
highly orchestrated interactions between cells and molecules. During recent years
our understanding of the mechanisms through which chemicals and proteins induce allergic sensitization has increased signicantly, and as a consequence there have

emerged new approaches to assess hazards and risks. However, there is uncertainty
about the heritable and acquired factors that impact on susceptibility to allergic
sensitization and allergic disease. Here we explore the factors that may serve to determine inter-individual differences in susceptibility to allergy.
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HERITABLE AND ACQUIRED FACTORS INFLUENCING
SUSCEPTIBILITY TO ALLERGIC CONTACT
DERMATITIS

G. Gerberick. Procter & Gamble, Cincinnati, OH.
Two critical components play a significant role in determining whether an individual will become sensitized or not to a particular allergen: the inherent allergic potency of the sensitizer and the nature of dermal exposure to that chemical.
However, in some instances, a difference in responses will be observed between two
individuals who have had the same exposure to a specific chemical suggesting that
other heritable or acquired factors are at play. While data are fairly limited in humans, we do have some information to suggest that age, sex and racial differences
do not have a large influence, but rather, genetic factors and dermal integrity are
likely to be more important in determining individual susceptibility. Genetic factors are not totally understood, but are clearly instrumental in determining individual susceptibility. Differences in metabolic capabilities might be expected to influence an individual’s susceptibility to the induction of allergic contact dermatitis. It
is well established that skin enzymes, predominantly located in the epidermis, can
metabolize absorbed xenobiotics via reactions analogous to those in the liver. It has
been hypothesized also that some HLA antigens may render individuals more susceptible to contact allergens. Another factor likely to impact individual susceptibility is overall inherent barrier function of the skin. The initial step in the induction
and elicitation of allergic contact dermatitis requires that the allergen penetrate the
stratum corneum. In some circumstances, the stratum corneum may be compromised due to disease (e.g. psoriasis, eczema). However, healthy skin may have a
compromised inherent barrier function (e.g. dry skin) as well. In summary, there
are a number of factors, besides allergenic potency and exposure characteristics that
are likely to contribute to inter-individual differences in susceptibility to the induction of ACD.

poses that the immune system switches towards an allergic phenotype as a result of
a relative lack of contact with infectious micro-organisms during infancy or childhood. However, the hygiene hypothesis does not explain the whole story. In particular, asthma, other environmental, lifestyle and behavioral factors accompanying
westernization and urbanization may be implicated, by increasing the susceptibility
and/or the phenotypic expression of the disease. These factors include exposure (before and after birth) to cigarette smoke, changes in diet, and exposure to man-made
chemicals or complex mixtures of oxidant gases and particulates resulting from the
combustion of various types of fuels in the indoor air (in the home and in other
buildings) and the outdoor air. This presentation will discuss the possible contribution and role of chemical pollutants in the complex gene-environment interactions
that govern the occurrence of atopy and asthma.
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R. J. Dearman and I. Kimber. Syngenta, Macclesfield, United Kingdom.
Food allergy is a common and important health problem affecting in the US and
Western Europe approximately 2% of adults and 5% of children. Symptoms can
range from mild gastrointestinal disturbance to anaphylaxis and death. Currently
there is no cure, and prevention of allergic reactions is reliant upon accurate diagnosis and avoidance. Usually, but not always, sensitization to food proteins is associated with atopy and IgE antibody. A number of factors impact on susceptibility to
food allergy, important among which is inheritance of an atopic phenotype. In addition, however, there is a growing appreciation that, in line with other forms of
atopic allergic disease, there has been an increasing prevalence of food allergy that
has been too rapid to be attributable to a change in the gene pool. The evidence is
that a variety of environmental factors are able to influence the acquisition of sensitization to food proteins. Finally, it is apparent also the timing, duration, magnitude and route of exposure has a significant impact on the development of allergy
to specific food proteins. The bases for inter-individual differences in susceptibility
to food allergy will be discussed in the context of heritable factors, acquired sensitivity and conditions of exposure.
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HERITABLE AND ACQUIRED FACTORS INFLUENCING
SUSCEPTIBILITY TO CHEMICAL RESPIRATORY
ALLERGY

S. M. Tarlo1, 2. 1Medicine, University of Toronto, Toronto,, ON, Canada and
2
Medicine, Respiratory Division, Toronto Western Hospital, Toronto, ON, Canada.
Sponsor: I. Kimber.
Chemical respiratory sensitization resulting in occupational asthma remains a challenge for practising toxicologists, pulmonary physicians and occupational physicians. Although some progress has been made in the toxicologic evaluation of
chemicals capable of causing immunologic sensitization of the respiratory tract,
there are currently no well-defined or fully validated approaches. In parallel, there
has been a growing interest in defining susceptibility factors for occupational
asthma. Those that have been implicated include polymorphisms of the major histocompatibility complex and of other genes. Acquired and environmental factors
may interact with genetic factors. Gene expression may be modified by environmental factors. Atopy is a risk factor for IgE-mediated sensitization to some chemicals such as complex platinum salts but smoking has been found to be an even
greater risk factor for sensitization. The possible bases for inter-individual differences in susceptibility will be reviewed.
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CHEMICAL POLLUTION, GENETIC FACTORS AND
THE CHANGING PREVALENCE OF ATOPIC ALLERGY
AND ASTHMA

B. Nemery2 and I. Kimber1. 1Syngenta, Macclesfield, United Kingdom and
2
Laboratory of Pneumology, K.U. Leuven, Leuven, Belgium.
Epidemiologic studies indicate that the incidence and prevalence of atopy and
asthma have increased considerably in the past decades, not only in the developed
world, but also in developing countries. The trends have varied within and between
countries, and there is some evidence that a plateau has been reached in certain
areas. No satisfactory explanation has been given to explain these phenomena fully.
The changes have been too rapid to be caused by changes in the gene pool, although genetic factors are implicated in the susceptibility to develop atopic disease
and asthma.
A popular hypothesis is the hygiene hypothesis, which was originally derived from
epidemiologic observations and is backed, to some extent, by mechanistic considerations about the pathogenesis of allergic sensitization. The hygiene hypothesis pro-

FACTORS GOVERNING THE ACQUISITION OF FOOD
ALLERGY

DETERMINANTS OF MANGANESE NEUROTOXICITY:
FROM WORMS TO MEN

T. R. Guilarte1 and M. Aschner2. 1Envir Health Sciences, Johns Hopkins Public
Health, Baltimore, MD and 2Pediatrics, Vanderbilt University, Nashville, TN.
Manganese is essential for normal physiological function in humans. However, occupational or environmental exposures to excess levels of manganese are associated
with adverse effects on the central nervous system. Human exposure to manganese
varies depending on geographical location, urban or rural environment, diet, and
importantly, occupational settings. Furthermore, acute or chronic exposure to different chemical forms of manganese may occur at different life-stages. These factors
along with diverse genetic composition are likely to impart differential sensitivity
of individuals to manganese neurotoxicity. This symposium is meant to identify
the contribution of modifiers such as age, nutritional status and genetics, to the
vulnerability of individuals to manganese neurotoxicity. Speakers will detail advantages offered by invertebrate animal models in deciphering the mechanisms and genetics of manganese neurotoxicity. The role of diet in particular iron deficiency will
be discussed in relation to manganese transport into cultured brain endothelial
cells and regional brain distribution. Behavioral, neuroimaging and pathological
endpoints will be described in a non-human primate model of chronic manganese
exposure. These studies are prospective in nature and follow in parallel the effects
of manganese exposure on cognitive and motor function and neurochemical
changes in the living brain. Finally, biomarkers for the human diagnosis of early
manganese exposure will be highlighted. The multidisciplinary nature of the symposium, bringing together scientists with expertise in behavioral, molecular, brain
imaging and human population studies, is aimed at providing a comprehensive
state-of-the-art account of recent advances in the fast-paced research area on manganese neurotoxicity.

1843

MANGANESE-INDUCED DOPAMINE
NEURODEGENERATION IN C. ELEGANS:
PHARMACOGENETIC ANALYSIS IN A NOVEL MODEL
OF MANGANISM

R. M. Nass1, 2, M. Fullard1, 2, K. Fallen1, 2, J. Andresen1, 2, C. McManus1, 2 and
M. Marvanova1, 2. 1Department, of Anesthesiology, Vanderbilt University Medical
Center, Nashville, TN and 2Pharmacology, Vanderbilt University Medical Center,
Nashville, TN.
Manganese (Mn2+) neurotoxicity resembles a number of aspects of the dopamine
(DA) neuron degenerating disorder Parkinson’s disease (PD). Both PD and Mn2+
toxicity are characterized by motor deficits and damage to substantia nigra and
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other basal ganglia nuclei, and dopamine or its metabolites are believed to contribute to the disorders1. Despite the initial characterization of the disorder over
150 years ago, and intensive research within the past several decades, the origin of
the pathogenesis and the molecular determinants involved in Mn2+ neurotoxicity
have yet to be fully elucidated. A significant hindrance in dissecting the molecular
components of Mn2+-induced neurotoxicity is the high complexity of the vertebrate brain and lack of facile in vivo genetic models to determine and explore the
mechanisms involved in the cell death. We have developed a novel pharmacogenetic model using the genetically tractable nematode C. elegans to dissect and characterize the molecular components involved in DA neuron degeneration (see Nass
et al, PNAS, 2002; Nass and Blakely, Ann. Rev. Toxicol. Pharmacol., 2003). At the
molecular level, the C. elegans nervous system is highly conserved both genetically
and functionally with mammals, and all the genes responsible for DA biosynthesis,
packaging, and reuptake are present and functional in the worm. We now show that
the DA neurons are sensitive to brief exposures to Mn2+, and Mn2+ amplifies the
6-OHDA-induced as well as alpha-synculein-induced DA neuron cell death. We
have also identified several molecular transporters that play roles in the DA neuron
degeneration. This system will allow us a facile test to examine the role that Mn 2+
and xenobiotics play in the degeneration of DA neurons.

1844

DIETARY IRON MODULATES MANGANESE
NEUROTOXICITY

M. Aschner1, V. Fitsanakis1 and K. Erikson2. 1Department of Pediatrics, Vanderbilt
University Medical Center, Nashville, TN and 2Department of Nutrition, University
of North Carolina, Greensboro, NC.
Manganese transport in the central nervous system: Insight from in vivo and in
vitro studies
Manganese (Mn) plays an important role in many biological processes. It is a component or co-factor of many enzymes involved in the metabolism of fats and proteins, and is utilized by various antioxidant enzymes such as superoxide dismutase
(MnSOD) and glutamine synthetase. Though essential, Mn is neurotoxic at high
levels and has been associated with the development of Parkinson’s disease.
Currently the mechanisms responsible for transporting Mn across the blood-brain
barrier (BBB) are unknown. Using rat brain endothelial 4 (RBE4) cell monolayers
cultured in the presence and absence of astrocyte conditioned media (ACM), we
examined the effects of temperature-, energy-, proton (pH)-, iron (Fe)- and sodium
(Na+)-dependence on Mn transport. Our results suggest that Mn transport is temperature-, energy- and pH-dependent, but not Fe- or Na+-dependent. The presence
of ACM in endothelial cell cultures also decreased the permeability of these cells to
Mn, reinforcing the use of ACM or astrocyte co-cultures in studies examining
metal transport across the BBB. Additional studies were designed to examine the effect of dietary iron (Fe) and manganese levels on the concentrations Mn in five various brain regions. Because divalent metal transporter has been implicated as a
transporter of brain Fe and Mn and, another goal of the study was to measure brain
regional changes in transporter levels using western blot analysis. As expected, there
was a significant effect of Fe deficiency (P<0.05) on decreasing Fe concentrations
and increasing Mn concentrations throughout the brain. Transporter proteins in all
regions increased due to ID compared to control levels (P<0.05). (Supported by
NIEHS 10563).

dosing (mean cumulative dose = 211.7 mg/kg Mn, 635 mg/kg MnS04) also had
subtle effects on SWM, decreased dexterity and inconsistent effects on activity.
High level dosing (mean cumulative dose = 65.8 mg/kg Mn, 197 mg/kg MnS04
over approx. 2 mos.) resulted in an early appearing non-spatial WM impairment, a
possible later SWM deficit and an initial decrease in dexterity and activity followed
by spontaneous and permanent dyskinesias. These data suggest dose-dependent effects of Mn on cognition and motor functioning with deficits even at low level exposures. Supported by NIH grant ES 010975.
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NEUROIMAGING AND NEUROPATHOLOGICAL
CHANGES IN THE NON-HUMAN PRIMATE BRAIN
FOLLOWING MANGANESE EXPOSURE

T. R. Guilarte1, M. Chen1, J. L. McGlothan1, D. F. Wong2, Y. Zhou2, M.
Alexander2, P. Barker2, M. Degaonkar2, C. A. Rohde3, T. Syversen4 and J. S.
Schneider5. 1Env Health Sciences, Johns Hopkins Public Health, Baltimore, MD,
2
Radiology, Johns Hopkins Medicine, Baltimore, MD, 3Biostatistics, Johns Hopkins
Public Health, Baltimore, MD, 4Neuroscience, Norwegian University Sciences Tech,
Trondheim, Norway and 5Pathol Anat & Cell Biol, Thomas Jefferson University,
Philadelphia, PA.
This presentation describes preliminary findings of an ongoing study examining
the effects of manganese (Mn) exposure on behavioral, neuroimaging and pathological endpoints in non-human primates. The study is prospective in nature in
that all animals receive behavioral training as well as PET, MRI and MRS imaging
prior to Mn administration and at subsequent time points. The first group of
Cynomolgus macaques (n=4) exposed to the lowest level of MnSO4 (cum. doses of
Mn ranged from 152-172 mg/kg BW, i.v.) over approx. 9 mo. have been analyzed.
Preliminary findings from PET studies indicate that Mn produces a significant dose
(time)-dependent decrease in amphetamine-induced dopamine release (DAR) in
the caudate/putamen (C/P) in the absence of changes in DA receptors and DA
transporter levels relative to baseline values. T1-weighted MRI indicates widespread
distribution of Mn throughout the brain. Further, it was found that the expression
of Mn levels in the brain as a Pallidal Index is not sensitive to changes in brain Mn
levels as measured in post-mortem tissue. Choline (Cho)/creatine (Cr), N-acetylaspartate (NAA)/Cr, and Inositol (Ino)/Cr ratios by MRS were unremarkable except
a significant decrease in the NAA/Cr ratio in the cerebral cortex. These findings
suggest that Mn exposure produces dysfunction of pre-synaptic dopaminergic neurons in the C/P and it may help explain the Mn-induced Parkinsonism known to
occur in Mn-exposed subjects. To our knowledge, this is the first report of Mn-induced reductions in amphetamine-induced DAR in the brain measured in vivo by
PET. Further, the decrease in NAA/Cr ratio in the MRS studies points to a potential Mn-induced pathology in the cerebral cortex. [Supported by grant ES010975
to TRG]
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DISCOVERY OF BIOMARKERS OF MANGANESE
EXPOSURE IN HUMANS

W. Zheng. Purdue University, West Lafayette, IN.

1845

COGNITIVE AND MOTOR EFFECTS OF CHRONIC
MANGANESE EXPOSURE IN NON-HUMAN PRIMATES

J. Schneider1, E. Decamp1, S. Fritz1, A. Schultz1, H. Emberger1 and T. R.
Guilarte2. 1Pathol., Anatomy and Cell Biol., Thomas Jefferson University., Phila., PA
and 2Environment Health Sciences., Johns Hopkins University., Baltimore, MD.
Manganese (Mn) is an important element for normal physiologic functioning.
However, exposure to high levels of Mn have detrimental effects on the nervous system. Most work has focused on chronic exposures to high levels of Mn. Little is
known concerning the threshold exposure sufficient for altering cognitive and
motor functioning. This study examined effects of chronic exposure to different
levels of Mn on cognition and motor functioning in non-human primates.
Cynomolgus monkeys were trained to perform tasks (variable delayed response, delayed matching to sample, visual pattern discrimination, object retrieval) that assessed different aspects of cognition (attention, spatial and non-spatial working
memory, reference memory, impulsivity) and motor function (speed, dexterity,
spontaneous activity). Monkeys were randomly assigned to receive low (10/15
mg/kg/wk), intermediate (15/20 mg/kg/wk) or high (30 mg/kg/wk) doses of Mn
sulphate (MnS04, doses calculated as the salt) by i.v. injection. Cognitive and motor
functioning were assessed twice weekly; activity levels were assessed at 2-4 wk. intervals. Low dose animals received a mean cumulative dose of 161.7 mg/kg Mn
(485 mg/kg MnS04) over an approximate 9 mo. period. A subtle spatial working
memory (SWM) impairment was observed by the end of the observation period
along with a mild decrease in activity and fine motor dexterity. Intermediate level
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The lack of a reliable biomarker for manganese (Mn)-induced Parkinsonism has
hampered the diagnosis and therapeutic intervention of Mn neurotoxicity. We have
determined airborne levels of Mn during welding practice and serum concentrations of possible biomarkers, aiming to establish the relationship between longterm, low-level exposure to Mn and altered serum levels of Mn, Fe, Cu, Zn, and Pb
as well as proteins associated with Fe metabolism in career welders. Mn-exposed
group consisted of welders who have engaged in electric arc weld in a vehicle manufacturer, while the control subjects were employees in the same factory but not in
the welding profession. Average serum levels of Mn and Fe among welders were significantly higher than those of controls. Among the welders, serum concentrations
of both metals were highest in the youngest age group (<30 years), an evidence of
relationship to recent, active exposure. While serum Cu concentrations in welders
were unchanged, blood Pb concentrations and serum Zn levels in welders were significantly increased and decreased, respectively, compared to controls.
Concentrations of serum ferritin and transferrin were increased among welders;
however, serum transferrin receptor levels were significantly decreased in comparison to controls. Linear regression revealed a positive association between serum Fe
and ferritin levels and welder’s employment years, and serum transferrin receptor
levels were inversely associated with serum Mn concentrations. These findings suggest that occupational exposure to the welding fume among career welders disturbs
the homeostasis of trace elements in the systemic circulation and induces oxidative
stress. Although the feasibility of using proteins associated with Fe metabolism as
the biomarker for Mn exposure remains to be further explored, serum Mn may
serve well as a reasonable biomarker for assessment of recent exposure to airborne
Mn. (Supported by NIH/NIEHS Grant ES-08146)

1848

MECHANISMS OF LOW SOLUBILITY PARTICLEINDUCED LUNG TUMORS

understanding has substantially contributed to our overall appreciation of the differences between species and how this may ultimately relate to the human response
and consequent risk assessment process.

A. Elder. Environmental Medicine, University of Rochester, Rochester, NY.
Although our understanding of the processes underlying the pathogenesis of particle-induced lung disease has greatly improved over the years, questions still remain
regarding the issues of species differences in response to inhaled particles, the mechanisms underlying these differences, and their impact on human hazard evaluation
and risk assessment processes. Poorly-soluble particles (PSP) have several common
characteristics: they are low in solubility, have low toxicity, and are non-mutagenic
and non-genotoxic. Numerous inhalation studies in rodent species have been conducted to assess the dose-related toxicity of these PSP (e.g. carbon black, titanium
dioxide, talc, and coal and shale dusts). Studies conducted in rats have demonstrated that chronic inhalation of high doses of these materials results in increased
pulmonary inflammation, fibrosis, epithelial hyperplasia, and, in some cases, adenomas and carcinomas in the peripheral rat lung. This response is generally referred
to as an overload response or threshold effect. The hypothesis that a threshold effect
is relevant to the tumor response in rats is supported by data from numerous studies indicating that at exposure levels below that which causes a persistent inflammatory response, tumors are not produced. Substantial data also indicates the involvement of secondary processes, such as inflammation and inflammatory-induced
oxidative stress, as possible mechanisms for the rat lung tumor response.
Furthermore, recent studies have highlighted the impact of particle size and surface
area on these processes. Along with the effects observed in the lower respiratory
tract, it has recently become apparent that nasal tissue is also an important target
for particle-induced toxicity. The current information regarding the roles of particle
surface area, tissue retention, and chronic inflammation in response has contributed to an improved mechanistic understanding of the rat lung tumor response
to inhaled PSP. This data, in turn, significantly impacts the setting of international
exposure standards for PSP.
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MECHANISMS OF PSP TOXICITY: PARTICLE SURFACE
AREA AND SIZE

G. Oberdorster. Environmental Medicine, University of Rochester, Rochester, NY.
Toxicological studies with ultrafine particles have revealed the correlation between
their large surface area per mass and their potential to cause lung inflammation and
oxidative stress. Recent subchronic inhalation studies of poorly-soluble particles
(PSP) effects in rodents using carbon black and titanium dioxide have also demonstrated the importance of surface area in determining lung particle retention and
subsequent effects. As a whole, it is clear from these studies that mass dose does not
adequately predict response. Prolonged lung tissue retention of PSP after exposure
was found in rats and mice in both subchronic studies; however, low surface-area
PSP were cleared faster that those with high surface area. Furthermore, the inflammatory and histopathological changes were closely linked to retained surface area
dose. Lung inflammation and histopathological changes were more severe and prolonged in rats as compared to mice and hamsters, thus revealing a marked speciesspecificity of response. Both studies ranked the sensitivity of the three species to inhaled PSP as rats > mice > hamsters. Based on the results from these most recent
studies and from others focusing on ambient and laboratory-generated fine and ultrafine particles, it appears that surface area is the best metric to predict responses to
PSPs of similar composition and structure, although the ultimate predictor of response is likely to be the dose at the lung epithelium.

1850

A MECHANISTIC EVALUATION OF SPECIES
DIFFERENCES IN PARTICLE-INDUCED PULMONARY
INFLAMMATION

1851

A SPECIES COMPARISON OF THE MECHANISMS
UNDERLYING THE PULMONARY
OXIDANT/ANTIOXIDANT RESPONSE AFTER
INHALATION OF POORLY-SOLUBLE PARTICLES (PSP)

J. Carter. Central Product Safety, Procter & Gamble Co., Cincinnati, OH.
Mechanisms underlying the pathogenesis of PSP-induced pulmonary disease involve complex interactions between pro- and anti- inflammatory mediators. In contrast to rats, exposure of mice and hamsters to lung particle doses similar to, or
greater than, those producing cancer in rats, has not been associated with development of lung tumors. Oxidative stress has been implicated in the pathogenesis of
diseases associated with chronic inflammation, as it can cause cellular damage by
oxidizing nucleic acids, protein, and membrane lipids. Differences in defense
mechanisms, such as anti-oxidant levels may play a key role in how different species
respond to these particles. Developing an understanding of the degree to which
PSPs can act via oxidative mechanisms and understanding the interplay between
exposure, host anti-oxidant defenses and inter-individual or species variability in
defenses may be very important for developing appropriate risk assessments for inhalation of poorly-soluble particles.
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NASAL TOXICITY OF INHALED POORLY SOLUBLE
PARTICLES: EPITHELIAL AND INFLAMMATORY
RESPONSES TO INHALED ULTRAFINE CARBON
BLACK PARTICLES IN RODENT NASAL AIRWAYS

J. R. Harkema1, P. Santhanam1, J. Wagner1, A. Elder2, J. Carter3 and G.
Oberdorster2. 1Pathobiology, Michigan State University, East Lansing, MI,
2
Environmental Medicine, University of Rochester, Rochester, NY and 3Procter &
Gamble Co., Cincinnati, OH.
The nose has multiple functions that include not only olfaction, but also the humidification, warming, and filtration of the inhaled air. It acts as a scrubbing tower
removing inhaled gases, vapors and poorly soluble particles (PSPs) that may be
harmful to the lung. Nasal airways, however, may also be targets of toxicity caused
by inhaled xenobiotics like PSPs. To investigate the potential nasal toxicity of PSPs,
female F344 rats, B6C3F1 mice, and Syrian golden hamsters were exposed to either
filtered air alone (controls) or 1, 7 or 50 mg/m3 of high surface area carbon black
particles (HSCb; primary particle size 17 nm; particle surface area 300 m2/g; airborne agglomerate 1.4 micron) for 6 h/day, 5 days/wk for 13 wk. Additional rats
were exposed to 50 mg/m3 of low surface area Cb (LSCb; primary particle size 70
nm; particle surface area 37 m2/g; airborne agglomerate 0.9 micron) for the same
exposure regimen. Rodents were sacrificed 1 day, 13 wk, or 11 mo post-exposure
(PE). Rats exposed to 7 and 50 mg/m3 HSCb had chronic rhinitis and degenerative, hyperplastic and metaplastic lesions of the nasal epithelium. Mice exposed to
these same concentrations of HSCb had similar but less severe rhinitis and epithelial alterations. In contrast, HSCb-exposed hamsters did not develop rhinitis and
had only minimal epithelial alterations. Some of the HSCb-induced lesions persisted in rats for 11 mo PE, but those in the other rodents were resolved by 13 wk
PE. Rats exposed to LSCb had no nasal lesions. These results indicate that HSCbinduced nasal injury is more severe in rats than in mice or hamsters and is dependent on dose, particle surface area, and time PE. Effects of inhaled PSPs, like HSCb,
on human nasal airways are yet to be determined. (Research sponsored in part by
the International Carbon Black Association)

K. Driscoll and J. Carter. Procter & Gamble, Mason, OH.
It has been hypothesized that the rat lung response to poorly-soluble particles may
be due to the recruitment, activation, and subsequent release of damaging mediators by the inflammatory cells. Studies have suggested that hamsters and mice may
be less sensitive to the inflammatory and tumorigenic affects of these low solubility
particles than rats. Studies conducted in rats have demonstrated that chronic inhalation of these materials results in increased pulmonary inflammation, fibrosis,
epithelial hyperplasia, and in some cases, adenomas and carcinomas in the peripheral rat lung. A current hytothesis is that mutations and inflammation are mutually
reinforcing processes and if left unchecked can transform normal cells into potential tumors. Many years of research evaluating the role of PSPs in inducing a
chronic inflammatory response in the rat lung tumor response has contributed substantial information to this mechanistic understanding. Recent research has
demonstrated species differences in the degree and type of inflammatory response
including differences in the level of and type of cytokine/chemokine response, activation of cell receptors and signal transduction pathways. This detail of mechanistic
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INHALATION OF POORLY SOLUBLE PARTICLES AND
LUNG CANCER: PARADIGMS AND RISK ASSESSMENT

P. Borm1 and J. Carter2. 1Centre of Expertise in Life Sciences, Heerlen, Netherlands
and 2Procter & Gamble, Cincinnati, OH.
It has been demonstrated that poorly soluble particles of low toxicity (PSP), such as
carbon black, TiO2, talc, and coal dust can cause lung cancer in rodents under conditions of chronic inflammation and overload conditions, this being most pronounced in the rat. Adequate epidemiologic studies do not clearly indicate increased lung cancer rates in humans exposed to such particles. This has caused
controversial positions in regulatory decisions on PSP on different levels. The scarce
data available on humans do not support the overload concept but suggest a role for
persistent lung inflammation. Differences in antioxidant protection between different rodent species correlate with susceptibility to PSP-induced carcinogenicity and
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support the need for detailed studies on antioxidant response in humans. This discussion will review some of the most recent and relevant epidemiological and clinical studies and how these studies as well as rodent studies have influenced regulatory decisions and international standard setting for PSP and ultrafine particles.

1854

THE PATH FOR ASSESSING HUMAN RELEVANCE AND
ADVANCING NEW SAFETY BIOMARKERS FOR DRUG
INDUCED VASCULAR INJURY

D. Robinson1 and F. Sistare2. 1Worldwide Safety Sciences, Pfizer, New London, CT
and 2Laboratory Sciences and Investigative Toxicology, Merck & Co., Inc., West Point,
PA.
Treatment related vascular injury is a significant preclinical safety issue for the pharmaceutical industry. Noninvasive methods for early detection in animal studies and
for monitoring patients to assess in clinical trials the human relevance of preclinical
findings remain a vital unmet need. The observation of vascular injury during toxicity testing in animals, may stop or delay compound development and/or limit the
allowable clinical dose range, thereby limiting the development or the therapeutic
uses of a product. The clinical advance of compounds that produce vascular injury
preclinically has also been slowed by the lack of clear regulatory guidance. Sensitive
and specific biomarkers as well as experimental approaches that provide a better understanding of the mechanisms that produce vascular injury in preclinical models,
are needed to assess relevance for human risk, to manage the risk rationally, and ensure clinical trial safety. Just as important as the science is the process for gaining
scientific and regulatory acceptance around the validity and appropriate clinical investigative application of any such new biomarkers.
This session will highlight the latest advances in our mechanistic understanding of
the pathways of vascular injury in various preclinical models, and introduce novel
approaches to assessing and monitoring vascular compromise. The focus will be on
what we can do with what we know now, given the regulatory impetus to drive the
qualification and application of new biomarker technologies for safety assessment.

1855

PATHWAYS FOR DAMAGE TO THE VASCULATURE

1

J. R. Bender and B. Enerson2, 1. 1Medicine, Yale University, new haven, CT and
Pfizer Pharmaceuticals, Groton, CT.

2

Subclinical, drug-induced vascular injury in humans may contribute to and/or exacerbate common underlying vascular pathologies, such as atherosclerosis, leading
to progression of chronic disease, or conversion to acute clinical syndromes (plaque
rupture). Defining underlying mechanisms of vascular toxicity/injury will likely explain marked species differences, allow prediction of progressive cascades in humans and elaborate biomarkers. Endothelial homeostasis is critical to vascular integrity and function but, when disturbed, platelet and leukocyte adhesion, oxidant
injury and endothelial cell (EC) apoptotic death ensue. Reduction in nitric oxide
(NO), a key mediator of endothelial homeostasis, results from decreased enzymatic
(eNOS) activity and/or decreased bioavailability due to generation of reactive oxygen species (ROS). Drug-induced vascular injury mechanisms include: (1) hemodynamic alterations with consequent changes in flow/shear stress; (2) inflammation- and/or immune-mediated injury; and (3) direct chemical toxicity. Blood
vessels are normally exposed to laminar, steady flow. When shear forces are either
too low, or too high, the latter producing turbulent flow, EC activation occurs, as
does ROS generation. Such alterations evoke inflammatory changes in the vascular
wall, including chemokine production, adhesion molecule expression, leukocyte
adhesion and consequent injury. Thus, biomechanical responses and inflammation
may be inseparable. Species differences, with regard to distinct vascular bed susceptibility, may relate to specific hemodynamic profiles to which EC are exposed, at
baseline, raising the sensitivity of the vessel to drug-induced alterations. Canine
coronaries and rat mesentric arteries, pathology-prone at baseline, and drug toxicity-sensitive, likely have distinct hemodynamic profiles that confer susceptibility. It
is imperative to define these mechanisms, extend definitions to clarify species differences, strongly consider how such observations in animal models relate to underlying, subclinical disease progression in humans, and identify useful biomarkers of
injury.

1856

DRUG-INDUCED VASCULITIS: FDA’S PERSPECTIVE
AND THE PATH FORWARD

T. Papoian and F. Goodsaid. US Food and Drug Administration, Rockville, MD.
Sponsor: D. Robinson-Gravatt.
Drug-induced vasculitis is a common finding seen in animal toxicity studies submitted in support of drug applications to the FDA. Possible mechanisms for these
drug-induced effects in animals include: (1) exacerbation of underlying vasculitic
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disease, (2) direct toxicity on the vasculature, (3) immune-mediated hypersensitivity reactions, or (4) exaggerated hemodynamic effects. Demonstration that lesions
seen in animals are not relevant for humans under therapeutic conditions is essential to minimize the FDA’s concern over such findings for patients. However, such
demonstration is often lacking, leaving regulators with concerns that the findings of
drug-induced vasculitis in animals, if they were to occur in humans, could contribute to the process of atherogenesis and ultimately to cardiovascular events (i.e.,
heart attack, stroke, and/or death).
Contributing to the regulatory dilemma is a lack of validated biomarkers for drug-induced vascular injury and inflammation. This makes it difficult to
monitor for such effects in humans if they were to occur during the course of clinical drug trials. Studies in animals to identify and validate appropriate biomarkers of
vascular injury and/or inflammation with known clinical relevance should allow effective monitoring of such effects if they were to occur in humans and would enhance participant safety in clinical trials.
The validation of biomarkers of vascular injury and/or inflammation
requires a process map which will define validation from exploratory to probable or
known levels. An exploratory marker can be used in a case study to discuss what a
process map proposal should include to assess the specificity, sensitivity, predictive
value, reproducibility and species specificity of biomarkers of vascular injury and/or
inflammation.
In conclusion, findings of drug-induced vasculitis in animals continues to be a significant safety concern. However, with a better understanding of the relevant mechanisms that contribute to drug-induced vasculitis and availability of validated biomarkers, safety concerns for human risk can be better addressed.
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NOVEL BIOMARKERS OF DRUG-INDUCED VASCULAR
INJURY

C. S. Louden1, D. Brott1, S. Gould1, A. Katein1, T. Kelley1 and H. Jones1.
1
Safety Assessment, AstraZeneca Pharmaceuticals, Merside, Alderley Park, United
Kingdom, 2Safety Assessment, Astrazeneca Pharmaceuticals, Wilmington DE, DE,
3
Safety Assessment, Astrazeneca Pharmaceuticals, Merside, Alderley, United Kingdom,
4
Safety Assessment, Astrazeneca Pharmaceuticals, Wilmington, DE, 5Safety
Assessment, Astrazeneca Pharmaceuticals, Wilmington DE, DE and 6Safety
Assessment, Astrazeneca Pharmaceuticals, Merside, Alderley Park, United Kingdom.
In pre-clinical safety studies, drug-induced vascular injury has a negative impact on
candidate-drug selection. This is an issue because of the potential for vascular injury
clinically, coupled with the lack of an unequivocal, non-invasive diagnostic marker
for monitoring. One approach is to evaluate specific markers of target cells (endothelial and smooth muscle) such as as von Willebrand Factor (vWF), von
Willebrand Factor pro-peptide (vWFpp), caveolin-1 and smooth muscle α actin.
Dogs treated with a potassium channel opener (KCO) caused plasma vWF to increase (50%) 3 hours post-dosing and at this time-point there was no apparent injury morphologically, to the vasculature. Similarly in rats, vWF was increased (5060%) transiently, 2-6 hour post dosing with fenoldopam but vascular injury was
only evident 24 hours post-dosing. In both rats and dogs, when vascular injury was
evident histologically, vWF values were below baseline. These data suggests that increases in vWF precedes morphologic evidence of vascular damage but vWF is not
a reliable reporter of drug-induced vascular toxicity. In a model of acute perturbation of EC, a low dose of endotoxin caused a profound and sustained vWFpp increase (20-fold) in dogs. Similarly, the KCO or an endothelin receptor antagonist
(ETRA)that caused coronary arterial injury was associated with sustained increases
in plasma vWFpp. On the basis of these findings, cleavage products of pro-vWF
(vWF and vWFpp) should be included in the panel of biomarkers when vascular
toxicity is suspected.
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TOWARD AN UNDERSTANDING OF DRUG-INDUCED
VASCULAR INJURY: HISTOPATHOLOGICAL AND GENE
EXPRESSION CORRELATES

R. D. Snyder1 and J. Zhang2. 1Investigative and Molecular Toxicology, ScheringPlough Research Institute, Lafayette, NJ and 2CDER, USFDA, Silver Spring, MD.
Pre-clinical drug-induced vascular injury often impedes the development of novel
therapeutics. A fundamental understanding of the underlying mechanism(s) of
such toxicities is essential in interpreting the relevance to humans of vascular injuries seen in preclinical rodent studies. In an attempt to better understand drug-induced vasculopathy, we have conducted in vivo rat studies with a variety of agents
including phosphodiesterase (PDE) 3, 4 and 5 inhibitors as well as vasodilators
which cause vascular damage through physical shear. These studies included detailed histopathological analysis (including mast cell activation/degranulation), expression of inducible nitric oxide synthase (iNOS) and associated plasma nitrite
levels and nitrotyrosylation of proteins, clinical chemistry of acute phase proteins,
gene expression by microarray and RT-PCR, and metabonomic profiles of urine.

Gene expression profiling was found to be most instructive in those more heavily
involved tissues such as mesenteric artery and heart in which specific gene upregulation of over 200-fold was observed. Down-regulation of specific Cytochrome
p450 genes was also observed in some tissues, in part coincident with iNOS induction. Our findings demonstrate the value of applying a multi-disciplinary approach
to the understanding of a complicated clinical lesion.
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A SYSTEMS BIOLOGY APPROACH TO UNDERSTAND
MECHANISMS OF DRUG-INDUCED VASCULAR
INJURY

E. Floyd1, J. Pollard2, O. Beckonert1, S. Beushausen1, S. Chevalier1, F. Clemo1,
N. Dagues1, B. Duckworth2, G. Hanton1, W. Ladd2, M. Neuberg2, V.
Pawlowski1, D. Pratt2, M. Reily1, D. Robertson1, D. Robinson1, T. Slater1, C.
Sobry1 and M. Lawton1. 1Pfizer, Inc., New London, CT and 2Genstruct, Inc.,
Cambridge, MA.
Systems biology offers new conceptual and computational tools for integrative
analysis of complex toxicological data sets. These tools allow researchers to break
through cognitive barriers posed by the magnitude of information produced by
global profiling, greatly advancing our mechanistic understanding of toxicities
using limited numbers of studies. In particular, panomics analysis of treatment responses over time and as they evolve from pharmacological to toxicological can be
used to map the trajectory of activated molecular pathways that drive development
of a toxicity. An understanding of mechanisms supports discovery of biomarkers directly linked to the injury. These biomarkers can then be evaluated for their performance in noninvasive monitoring of the progression and reversal of the toxicity.
Using a systems biology approach, we investigated mechanisms of drug-induced
vascular injury in rats. To identify the initiating toxic events, we conducted in vivo
studies evaluating time points before, during and immediately after the development of histopathological changes (from 2 to 96 hours postdosing). These studies
included standard toxicology endpoints, proteomic and metabonomic profiling of
biofluids and genomic profiling of liver and affected vascular tissue. We then constructed systems models of vascular toxicity using specific hypothetical mechanisms
derived by causal analysis of all significant molecular state changes measured in
these experiments. The causal analysis was conducted by means of automated reasoning over a knowledge base customized to support research in vascular injury. In
studies conducted to test the mechanistic hypotheses, we evaluated proposed mechanism-based biomarkers and generated additional data to iteratively refine the
models. This presentation will describe the systems biology methods used and report our results, including presentation of a systems model of drug-induced vascular injury.
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ROLE OF EPIGENETICS IN THE FETAL BASIS OF
ADULT DISEASE

J. J. Heindel1, R. Newbold1, T. K. Archer1, M. Skinner2, C. Walker4 and R.
Jirtle3. 1NIEHS/NIH/DHHS, Research Triangle Park, NC, 2Washington State
University, Pullman, WA, 3Duke University, Durham, NC and 4University of Texas
MD Anderson Cancer Center, Smithville, TX.
There is increasing evidence that some environmental agents, especially those with
endocrine agonist or antagonist activity, may alter developmental programming via
alteration in gene expression that do not result in malformations but in functional
deficits. These functional deficits in tissue potential are expressed later in life as increased susceptibility to disease/dysfunction. In some cases the functional deficits
have been shown to be transmitted to the next generations(s). The mechanism proposed for this phenomenon, termed the fetal basis of adult disease, is believed to be
epigenetic alterations in gene expression probably via altered DNA methylation.
The talks in this session will highlight examples of in utero exposures resulting in
increased diseases later in life. In some instances transgenerational effects due to in
utero exposures to environmental agents can be shown. An overview of epigenetics
with an emphasis on how it might contribute to the adult diseaases and the transgenerational effects of these in utero exposures will also be presented.
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REGULATING THE GENOME WITH CHROMATIN AND
EPIGENETIC CHANGES

T. Archer. NIEHS/NIH, Research Triangle Park, NC. Sponsor: J. heindel.
The organization of DNA into chromatin presents the cell with the opportunity to
use powerful regulatory mechanisms broadly defined as epigenetics. Creating diversity without genetic modification allows an organism to respond to environmental
signals using the posttranslational modification of DNA, histones and the remodeling of chromatin structure. Consequently organisms have evolved highly regulated

and sophisticated enzyme-mediated mechanisms to introduce tagsor marks within
the genome. These Tags reflect the complex hierarchical nature of chromatin and
exemplified by methylation of DNA at CpG dinucleotides within and external to
genes, the posttranslational modification of histones, predominantly acetylation
and methylation, and the expression and activation of chromatin remodeling enzymes. This allows the epigenetic influence of gene expression to span both local,
specific site modifications of DNA and histones at promoters of target genes, and
global mechanisms. The latter involving the regulation of chromosomes and chromosomal regions by compacting and or relaxing large segments of chromatin via histone modification and or chromatin remodeling complexes. While clearly relevant
to normal growth and development epigenetic mechanism have been extensively
investigated in the context of cancer and cancer cell models used to study fundamental mechanisms of transcription. Within this paradigm we have examined the
role of DNA methylation on transcription from the BRCA1 promoter and histone
modification and chromatin remodeling mediated by nuclear receptors. We will use
the well described steroid receptor pathway to illustrate the power of this epigenetic
process.
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EPIGENETIC TRANSGENERATIONAL EFFECTS OF
ENDOCRINE DISRUPTORS ON MALE FERTILITY AND
OTHER DISEASES

M. Skinner. Washington State University, Pullman, WA. Sponsor: J. heindel.
The molecular and cellular control of embryonic testis development was investigated to elucidate the regulation of male sex determination and testis morphogenesis. Changes in the embryonic testis transcriptome have identified potential new
regulatory factors. Endocrine disruptors were used to potentially interfere with embryonic testis development and further investigate this biological process. The estrogenic pesticide methoxychlor and anti-androgenic fungicide vinclozolin were
used. Previous studies have shown that methoxychlor and vinclozolin both interfere
with embryonic testis cord formation and cause an increased spermatogenic cell
apoptosis in the adult testis of the F1 generation. Interestingly, a transient in vivo
exposure to endocrine disruptors of only the F0 gestating mother at the time of
male sex determination caused a transgenerational phenotype (F1-F4) of spermatogenic cell apoptosis and sub-fertility. This appears to be mediated by an epigenetic
mechanism involving altered DNA methylation and permanent re-programming of
the male germ-line. A series of genes with altered DNA methylation and imprinting
have been identified. Observations demonstrate that a transient embryonic in utero
exposure to an endocrine disruptor influences the embryonic testis transcriptome
and through epigenetic effects (e.g. DNA methylation) results in abnormal germ
cell differentiation that subsequently influences adult spermatogenic capacity and
male fertility, and that this phenotype is transgenerational through the male germline. In addition to effects on male fertility, other disease states are observed associated with premature aging, prostate disease, kidney disease and tumor development. The novel observations of transgenerational epigenetic endocrine disruptor
actions on male reproduction and other diseases critically impact the potential hazards of these compounds as environmental toxicants. The ability of an environmental compound to induce an epigenetic transgenerational disease state has significant
implications for disease etiology and for areas such as evolutionary biology.
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DEVELOPMENTAL PROGRAMMING:
UNDERSTANDING HOW EARLY LIFE
ENVIRONMENTAL EXPOSURES DETERMINE CANCER
INCIDENCE IN ADULTS

C. Walker. Carcinogenesis, MD Anderson Cancer Center, Smithville, TX.
Inheritance of a tumor suppressor gene defect is the strongest risk factor known for
cancer. However, the development of cancer in genetically susceptible individuals is
rarely 100% penetrant. Environmental factors, such as diet, exercise, and hormonal
milieu are also thought to contribute and modify cancer risk in the presence of an
inherited cancer susceptibility gene. Traditionally, such gene-environment interactions influencing cancer risk were thought to occur over an individuals lifetime by
facilitating or inhibiting acquisition of the multiple somatic mutations required for
tumorigenesis. However, developmental programming is proposed as an alternative
mechanism for modulating adult disease. This hypothesis proposes that at critical
times during development, exposure of developing tissues to an adverse stimulus or
insult can permanently reprogram normal physiological responses, and so give rise
to metabolic and hormonal disorders later in life. New information is now emerging that early in life, the genome of a susceptible individual can be reprogrammed
following an environmental exposure in a way that will increase the probability, of
developing cancer as an adult. Whereas this type of gene-environment interaction
has been known to occur for other adult diseases, such as cardiovascular disease and
diabetes, developmental programming is only now being appreciated as a mechanism that can determine a susceptible individuals chance of developing cancer. This
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talk will overview evidence that exposure to DES during development can permanently reprogram normal physiological uterine responses and thus lead to increased
tumor suppressor gene penetrance in genetically susceptible individuals leading to
increased incidence and severity of uterine fibroids.
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EPIGENETIC TARGETS LINKING PRENATAL
NUTRITION WITH ADULT DISEASE SUSCEPTIBILITY

such dose-response relationships. These evaluations indicate that the hormetic dose
response model more accurately predicts many responses that are observed following exposure to doses below the NOAEL. The frequency of such examples in the
toxicological and biomedical literature suggests that the hormetic dose response is
more common and fundamental than other toxicological dose response models, including the threshold dose response model.

1867

R. Jirtle. Duke University, Durham, NC. Sponsor: J. heindel.
Human epidemiologic and animal data indicate that susceptibility to adult-onset
chronic conditions such as cardiovascular disease, diabetes, obesity, and cancer is influenced by persistent adaptations to prenatal and early postnatal nutrition. We
have used the viable yellow agouti (Avy) mouse, which harbors a retrotransposon
upstream of the Agouti gene, to investigate the importance of maternal nutrition
and DNA methylation in determining the susceptibility of offspring to adult diseases. We have shown that maternal dietary supplementation during pregnancy
with either methyl donating substances (i.e. folic acid, vitamin B12, choline and
betaine) or genistein, a phytoestrogen present in soya products, alters coat color of
the offspring via increased CpG methylation of the transposable element upstream
of the Agouti gene rather than by gene mutation. Furthermore, these epigenetic
changes reduce the risk of developing obesity in the offspring - a clear example of
nature via nurture. It is now critically important to determine if similar epigenetically labile genes exist in the human genome.

K. T. Bogen. Energy & Environment L-396, Lawrence Livermore National.
LAB../University. Calif., Livermore, CA, CA. Sponsor: D. Paustenbach.
Model predicted cancer risks based on the linear-no-threshold extrapolation often
drives regulatory remediation requirements involving chemical and/or ionizing radiation contamination. Incorporating a dose-response model for cancer which
quantitatively accounts for hormetic effects would thus have profound practical implications. Mechanistic considerations indicate that while many well documented
hormetic relations for immunological endpoints are of questionable relevance to
predicting the low-dose cancer risk, low-dose cell killing among premalignant cells
does provide a clearly plausible basis for hormesis in risk posed by low-dose exposure to certain cytotoxic carcinogens.
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HORMESIS: A CHALLENGE TO THE LINEAR DOSERESPONSE MODEL, AND ITS IMPLICATIONS IN RISK
ASSESSMENT, REGULATORY POLICY, AND
BIOMEDICAL RESEARCH

D. J. Paustenbach1, E. Calabrese2, K. Bogen3, G. Marchant4 and W. Jonas5.
1
ChemRisk, San Francisco, CA, 2Environmental Health Sciences, University of
Massachusetts Amherst School of Public Health, Amherst, MA, 3Lawrence Livermore
National Laboratory, Livermore, CA, 4Center for Law, Science, & Technology,
Arizona State University College of Law, Tempe, AZ and 5Samueli Institute,
Alexandria, VA.
Hormesis remains a controversial topic in the fields of toxicology and risk assessment. The reason, is that if the phenomenon generally exists for all toxic effects and
all chemicals, this would put current approaches to regulating chemicals into question. For carcinogens, there would need to be a re-evaluation of the current view
that the linear dose-response relationship is most appropriate, and instead, a biphasic model would probably be considered most appropriate (with inclusion of a
threshold). In addition, some chemicals with carcinogenic effects might reduce risk
for cancer at certain exposure levels. For the chemicals whose most sensitive adverse
effects are not cancer, a change in the approach for identifying the No Adverse
Effect Level (NOAEL) would be necessary. This symposium will provide a comprehensive overview of hormesis, and its potential impacts on risk assessment and
regulatory policy, as well as its impact on chemotherapeutics. The legal hurdles to
implementing such an approach will be discussed. In addition, the various changes
in toxicology testing protocols that would be necessary to insure that hormesis is incorporated into regulatory decision making will be discussed. The practical consequences of adopting the concept of hormesis, specifically with respect to the remediation of contaminated sites, setting of drinking water standards, and other
regulatory risk criteria will be described. A physician will discuss the impact of
hormesis on future biomedical and clinical research. The goal of this symposium is
to bring together perspectives on this topic from various fields, and initiate a dialogue between those in support of and against the adoption of the hormetic doseresponse model. Further, it will provide the toxicology community with the knowledge of one of the most contemporary, yet historically rooted debates among the
scientific community.
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HORMESIS: SCIENTIFIC FOUNDATIONS

E. J. Calabrese. Public Health, University of Massachusetts, Amherst, MA.
Evaluating the risk associated with exposure to low doses of chemicals is one of the
most challenging and controversial issues in toxicology. Most toxicological protocols evaluate responses at high doses and rely on theoretical extrapolation models to
predict effects at doses below the NOAEL. However, results from studies that included very low doses have repeatedly demonstrated hormetic effects. Included in
this current evaluation will be a consideration of issues related to study design, such
as biological model and endpoint selection, temporal factors, statistical power, and
study replication, as well as, the toxicological mechanisms that may account for
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CANCER RISK AND HORMESIS: PLAUSIBILITY AND
IMPLICATIONS

REGULATORY AND LEGAL IMPLICATIONS OF
HORMESIS

G. E. Marchant. College of Law, Arizona State University, Tempe, AZ.
Despite the large body of scientific data in support of hormesis, governmental agencies remain reluctant to consider this model when evaluating the health effects of
“toxic” chemicals. Regulatory precedents for hormesis, such as the EPA’s refusal to
consider the health benefits of radionuclides when setting Drinking Water
Standards, and their disregard of the health benefits when setting the National
Ambient Air Quality Standard for ozone, will be discussed. These examples demonstrate that regulatory agencies such as EPA are likely to resist incorporating hormesis into regulatory decisions because it is seen as a radical departure from traditional
regulatory assumptions. Nevertheless, under certain circumstances, agencies will be
legally obligated to consider hormesis. Relevant factors include the applicable statutory requirements, the applicability and flexibility of risk assessment guidelines,
peer review and recommendations of agency and other science advisory committees, and the strength of chemical-specific scientific data presented to the agency.
Lastly, the potential use of the hormetic argument in product liability and toxic tort
litigation will be presented. Because of the dynamics and standards of admissibility
of scientific evidence in toxic tort litigation, this may be the first legal forum in
which hormesis plays an important role in the outcome of a specific decision.
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WHAT ARE THE CLINICAL IMPLICATIONS OF
HORMESIS?

W. B. Jonas. Samueli Institute, Alexandria, VA. Sponsor: E. Calabrese.
Exposure to low doses of antigens can induce large reactive responses in intact organisms; this forms the basis for immunotherapy and vaccination. Many chemical
toxins appear to produce stimulatory effects or induce tolerance when given at low
levels. Heavy metals at low doses commonly induce protective proteins such a metallothionein or heath shock proteins. This presentation will explore the possibility
of exploiting these hormetic processes in medicine. There will be a review of the
concept of low-dose stimulation and tolerance of selected compounds with possible
clinical utility, followed by a presentation of recent research demonstrating the possible use of hormetic effects to prevent and mitigate brain injury and carcinogenesis. Lastly, a discussion of directions for future research will take place.
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MAINSTREAMING HORMESIS

D. Paustenbach and J. S. Pierce. ChemRisk, San Francisco, CA.
Hormesis is a phenomenon which has been recognized to exist within biological
systems for many decades. It is plausible that hormesis occurs for most, if not all
chemicals, at some low dose, but the quantity of data required to displace the default dose-response paradigm may be cost prohibitive. However, if this phenomenon were to be considered within regulatory policy in the United States and elsewhere, its impact on the degree to which chemicals are regulated could be
substantial. For example, for the carcinogens, if hormesis were incorporated into

the mathematical models for estimating the risk at low doses, then much higher
“acceptable” or tolerable levels of exposure could be identified. Suggestions about
how this phenomenon should be evaluated will be offered and the impediments to
having it adopted by regulatory agencies will be discussed. Although perhaps a 10
to 20 year process, understanding hormesis may well be worth the effort, especially
given the potential benefits to society.
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INTEGRATING BIOMONITORING INTO
EPIDEMIOLOGY AND TOXICOLOGY RESEARCH

J. S. Bus1, C. Burns1 and L. Ritter2. 1Toxicology & Environmental Research and
Consulting, Dow Chemical Company, Midland, MI and 2Canadian Network of
Toxicology Centres, University of Guelph, Guelph, ON, Canada.
Epidemiology has well established methods for conducting research using questionnaires on self-reported exposure. Categories of exposure and intensity algorithms
have been developed to determine the dose response of the putative health effect.
Toxicology has also developed sophisticated pharmacokinetic models and dosing
methods by which to evaluate hazards of specific chemicals or pesticides. Between
the two disciplines epidemiology and toxicology, however, lies a growing body of
biomonitoring data capturing real-world human exposures. Emerging data from
both the CDC National Exposure Report and other similar studies presents an opportunity to better integrate complex exposure/dose metrics into improved evaluations of human health risks. The objectives of this workshop will examine several
key questions addressing this task. A critical weakness in modern epidemiology is
the lack of validation of exposure. Can survey methodology in agricultural epidemiology studies be improved from information obtained from recent exposure
biomonitoring studies of farmers? How can detected levels of chemicals in the
human population be better corresponded to dose/exposure metrics in animal toxicology studies so that findings of biomonitoring studies can be better related to potential adverse health outcomes? Lastly, how can biomonitoring, epidemiology and
pharmacokinetic tools be improved to better link traditional external exposure
measures to actual measures of internal tissue doses?
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TOXICOLOGY STUDY DESIGN AND DOSIMETRY AS IT
RELATED TO BIOMONTORING AND EPIDEMIOLOGY
STUDIES

A. J. Tobia. Toxicology, Bayer CropSceince, Research Triangle Park, NC.
Traditionally, toxicology study are designed to look for effects at three dose levels to
obtain an No-Observable-Effect level (NOEL) and to obtain the range of effects at
higher dose levels for the risk assessment process. This dose design is adequate for
hazard assessment, but dose not lend itself to providing data which can be coupled
with biomonitoring and epidemiology studies. As toxicologist, we need to be obtaining tissue target concentrations at these various does levels and potentially lower
dose levels than the NOEL. This type of information is invaluable, because it allows
the toxicologist, biomonitoring assessor, and epidemiologist to have information
which can refine a risk assessment, but also aids in the interpretation of boimonitoring and epidemiology studies as to whether the results obtained from such studies are biologically plausible and relevant. This information can also allow them to
defend the result obtained from these various studies with a greater certainty of precision. We will give examples where such information has been generated and how
it has allowed for refining the risk assessment process with a greater precision.
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BIOMARKERS OF EXPOSURE TO CHEMICALS:
LESSONS LEARNT FROM EPIDEMIOLOGY

T. E. Arbuckle. Biostatistics and Epidemiology Division, Health Canada, Ottawa,
ON, Canada. Sponsor: L. Ritter.
Traditionally the main limitation of environmental epidemiologic studies has been
the exposure assessment where the investigator has relied on job titles or questionnaires to characterize sub-groups as to their exposure status, often in the form of a
2x2 table. Without a means to validly quantify each person’s exposure, this limitation has severely restricted the use of epidemiologic studies in risk assessment. This
presentation will describe how epidemiology has benefited from biomonitoring
with some examples from the literature, what is still unknown, practical constraints
to conducting biomonitoring studies and how toxicology can contribute to developing and interpreting valid biomarkers of human exposure to chemicals.
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STRENGTHS AND WEAKNESSES OF COLLECTING
EXPOSURE DATA FROM QUESTIONNAIRES

P. Buffler2 and C. J. Burns1. 1Epidemiology, The Dow Chemical Company, Midland,
MI and 2School of Public Health, University California, Berkeley, Berkeley, CA.
Questionnaires and the data we glean from them are the lifeblood of epidemiology
research. With a well designed questionnaire we can determine both exposure and
disease and a myriad of confounders. The researcher must capture and quantify
human behaviors which are believed to be critical determinants of disease. This
presentation will provide some examples how epidemiology has benefited from selfreported exposure information. This presentation will also explore some areas in
which survey data may misclassify exposure and discuss how to improve the validity of exposure data from questionnaires.
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USE OF PHYSIOLOGICALLY BASED
PHARMACOKINETIC MODELING TO CHARACTERIZE
EXPOSURES ASSOCIATED WITH BIOMONITORING
DATA

R. Conolly1, K. H. Liao2 and Y. Tan2. 1National Center for Computational
Toxicology, USEPA, Research Triangle Park, NC and 2Center for Human Health
Assessment, CIIT Centers for Health Research, Research Triangle Park, NC.
Biomonitoring studies have detected many man-made chemicals in human blood.
Evaluation of the health risk significance these findings and effective communication to the public are needed to place the data in an appropriate context. In this
presentation I discuss one part of this process - use of physiologically based pharmacokinetic (PBPK) modeling to characterize exposures associated with biomonitoring data. PBPK models have long been used to predict blood and tissue concentrations for specific exposure scenarios. Here, we begin with blood level data and
use the PBPK model to extrapolate backwards to identify the associated exposure or
range of possible exposures. The analysis is complicated by several chemical-specific
issues including whether or not the biomonitoring data reflect steady-state levels,
and whether the chemicals have long or short biological half-lives. For chemicals
with short half-lives (e.g., chloroform, styrene), biomonitoring data reflect recent
exposures and are unlikely to be at steady state. For biologically persistent chemicals
(e.g. dioxins, perfluorinated compounds) the biomonitoring data could reflect either a recent exposure or an exposure that occurred in the more distant past and are
more likely to be at or close to steady state. PBPK modeling is thus unlikely to associate a single, specific exposure scenario with biomonitoring data for any one
chemical. Prior knowledge of the concentration of the chemical in environmental
media (air, water, food, etc) can, however, be used to constrain the exposure projections. Examples of exposure scenario projection will be presented using a PBPK
model for chloroform. The appropriate level of confidence in these projections will
be considered as a function of the level of confidence in the PBPK model and the
amount of information available on environmental concentrations of chloroform.
This work was reviewed by EPA and approved for publication but does not necessarily reflect official Agency policy.
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ROLE OF THE ARYL HYDROCARBON RECEPTOR
PATHWAY IN THE SYNERGISTIC DEVELOPMENTAL
TOXICITY OF POLYCYCLIC AROMATIC
HYDROCARBONS IN ZEBRAFISH

R. Di Giulio1, S. Billiard1, A. Timme-Laragy1, D. Wassenberg2, C. Cockman1
and E. Linney2, 1. 1Nicholas School of the Environment, Duke University, Durham,
NC and 2Department of Molecular Genetics and Microbiology, Duke University,
Durham, NC.
Polycyclic aromatic hydrocarbons (PAH) are ubiquitous aquatic contaminants that
pose potential risks to human and ecological health. Some PAHs cause developmental effects in fish models similar to those produced by planar halogenated hydrocarbons (pHAH, such as dioxins and PCBs) that are agonists for the aryl-hydrocarbon receptor (AHR), notably cranial deformities and cardiovascular defects.
Studies have clearly shown that pHAH toxicity is AHR-mediated, while roles of
AHR-regulated proteins such as CYP1A and CYP1B1 remain unclear. Studies in
our laboratory with both killifish and zebrafish embryos have shown that co-exposure to PAH-type AHR agonists (including β-naphthoflavone [BNF] and
benzo[a]pyrene [BaP]) and CYP1A inhibitors (such as α-naphthoflavone and fluoranthene) significantly increased toxicity greater than that predicted from an additive PAH toxicity model. Here we report studies employing an antisense morpholino (MO) approach to block or knock down protein translation in zebrafish
embryos to investigate the role of the AHR pathway in the developmental toxicity
of PAH. We observed that while knock down of AHR2 reduced toxicity of PAH,
CYP1A knock down enhanced toxicity of both BNF and BaP. These data support
our earlier chemical inducer/inhibitor studies and further suggest that, in contrast
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to pHAH studies in which CYP1A inhibition was reported to either reduce toxicity
or have no effect, this inhibition markedly increases the developmental toxicity of
some PAH. This interaction may have significant implications for assessing risks of
PAH, which typically occur as mixtures in the environment. Current studies are investigating the effects of MO knock-downs of other AHR-associated proteins and
antioxidants in the zebrafish model.
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ROLE OF AHR AND CYP1A1 IN NAPHTHALENE
BIOACTIVATION

M. Genter, J. Marlowe, N. Dragin, J. K. Kerzee, A. Puga, D. W. Nebert and T.
P. Dalton. Environmental Health, University of Cincinnati, Cincinnati, OH.
Naphthalene (NP) is a pesticide, combustion by-product, and component of jet
fuel. NP has been designated a ‘reasonably anticipated human carcinogen’ because
of positive responses in chronic carcinogenicity bioassays in both mice and rats,
causing pulmonary adenomas in female mice and both nasal respiratory and olfactory tumors in rats. While CYP2F enzymes are widely regarded as responsible for
NP bioactivation, other metabolic enzymes have been shown to metabolize NP to
the 1,2-oxide metabolite in vitro, including CYP1A1 and CYP1A2. To investigate
the role of these aryl hydrocarbon receptor (AHR)-mediated enzymes in NP toxicity, we took two approaches. First, NP was assessed for its ability to activate transcription via the AHR in an in vitro luciferase reporter assay and found to have no
activity, whereas the known AHR ligand TCDD showed high activity. Second, in
vivo studies involved dosing mice deficient in either the AHR or CYP1A1 with
NP alone, or following pretreatment with the CYP2F2 inhibitor 5-phenyl-1-pentyne. Neither Ahr(-/-) nor Cyp1a1(-/-) knockout mice were protected from the olfactory mucosal or pulmonary toxicity of NP. On the other hand, CYP1A1-null
mice treated with 5-phenyl-1-pentyne exhibited no evidence of pulmonary toxicity, and the olfactory mucosa in mice treated with the inhibitor plus NP showed
no histological lesions. These results strongly suggest that enzymes controlled by
the AHR do not contribute significantly to NP bioactivation in the intact animal,
and provide further support that CYP2F enzymes are the major contributors to
NP bioactivation.
Supported in part by NIH grants R01 ES08147 and P30 ES06096.
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STUDIES OF THE MECHANISMS OF TOXICITY OF
POLYBROMINATED DIPHENYL ETHERS (PBDEs)

J. M. Sanders1, 2, L. Chen1, E. H. Lebetkin1, M. L. Cunningham1 and L. T.
Burka1. 1Laboratory of Pharmacology and Chemistry, NIEHS, Research Triangle
Park, NC and 2Department of Toxicology, NC State University, Raleigh, NC.
2,2’,4,4’-Tetra- (BDE47), 2,2’,4,4’,5-penta- (BDE99), and 2,2’,4,4’,5,5’-hexa(BDE153) bromodiphenyl ether are components of some commercial flame retardant products. These polybrominated diphenyl ethers (PBDEs) are present in the
environment, are found in mammalian tissues and fluids, and are increasing over
time in some human populations. Previous studies indicated that some products
containing BDE47, BDE99, and BDE153 activated the aryl hydrocarbon receptor
and induced CYP1A1. However, the present studies have shown that low levels of
polybrominated dibenzofurans in PBDE mixtures may be responsible for much, if
not all, of these dioxin-like effects. Conversely, lower molecular weight PBDEs upregulated CYP2B and CYP3A gene expression in rats; therefore, appear to be CAR
and PXR agonists. BDE47, BDE99, and BDE153 are readily absorbed, retained in
lipid components of tissues, and are slowly excreted following administration of
single doses to rats. All three congeners accumulated in tissues following multiple
dosing. BDE99 was metabolized to the greatest extent, and together with BDE47
are probable substrates for CYP2B; therefore, potentially induce their own metabolism. BDE153 resisted biotransformation. Conjugates derived from arene oxides
were excreted in urine and bile of BDE47- and BDE99-treated rats. Both PBDEs
also underwent oxidative cleavage resulting in conjugated bromophenols excreted
in urine. The extent of binding of PBDE-derived arene oxides or other intermediates to macromolecules has not been determined. In summary, these studies have
shown that toxic response to lower molecular weight PBDE mixtures may correlate
with: 1) PBDE induction of monoxygenases, such as CYP2B and CYP3A; 2) formation of PBDE-derived reactive metabolites; 3) the presence of non-PBDE contaminants capable of inducing CYP1A1.
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CYP1C1 mRNA EXPRESSION IN FUNDULUS
FOLLOWING BAP EXPOSURE

L. Wang1, B. E. Scheffler2, W. Dong1, A. Ford1 and K. L. Willett1.
1
Pharmacology and Environmental Toxicology, University of Mississippi, University,
MS and 2MSA Genomics Laboratory, USDA-ARS-CGRU, Stoneville, MS.
While polycyclic aromatic hydrocarbon induction of CYP1A has been recognized
for many years in both mammals and fish, an understanding of the significance of
the more recently cloned fish CYP1B and CYP1C genes is lacking. In mammals,
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CYP1B1 is responsible for activating PAHs such as benzo(a)pyrene (BaP) and estradiol to carcinogenic intermediates. From both liver and gill tissues, we cloned 2 full
length alleles of CYP1C1 cDNA from 5 mg/kg BaP i.p. injected Fundulus heteroclitus. The full-length cDNA contained a 5’ noncoding region of 182 bp, an open
reading frame of 1590 bp and a 3’ noncoding region of 988 bp to the polyA tail.
The 529 amino acid protein shared the highest amino acid identity with Stenotomus
chrysops CYP1C1 (81%). In contrast, it exhibited only 66% identity with the
Fundulus CYP1B partial amino acid sequence in Genbank (AAL78301). We used a
666 bp Fundulus CYP1C1 digoxigenin-labeled antisense cRNA fragment to do
whole-mount in situ hybridization using freshly hatched Fundulus (18 days postfertiliztion) which had been exposed to waterborne BaP (10 µg/L) for the initial 10
dpf. Results suggest that BaP enhanced Fundulus CYP1C1 expression inside the abdominal region compared with DMSO treated embryos. On-going studies are
using realtime PCR to quantitatively measure the CYP1C1 induction in BaP exposed embryos and adult tissues. Our results imply that teleost CYP1C, in addition
to CYP1A, is inducible by BaP, has a broad tissue distribution, and should be further investigated for its role in PAH metabolism.
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IN VIVO MUTAGENICITY OF VINYL CARBAMATE IN
LUNG AND VARIOUS TISSUES

L. G. Hernandez and P. Forkert. Anatomy and Cell Biology, Queen’s University,
Kingston, ON, Canada.
Vinyl carbamate (VC) is derived from ethyl carbamate (EC), a chemical that is
found in alcoholic beverages and fermented foods. EC undergoes cytochrome
P450-dependent metabolism to VC, which is subsequently metabolized to VCepoxide (VCO). VCO is believed to be the ultimate mutagenic and carcinogenic
species. In this study, we tested the hypothesis that VC induces mutations in
murine lung and other tissues including small intestine, colon, bone marrow and
testis. Big Blue® transgenic mice harboring the lambda cII gene were used for quantitation and identification of mutations in vivo. In time-course studies with VC,
eight-week old F1 mice (Big Blue® x A/J) were treated with VC (60 mg/kg, i.p.) and
were sacrificed at 1, 2, 3, or 4 weeks after treatment. In dose-response studies, mice
were treated with doses of 15 to 75 mg/kg (i.p.) of VC and were sacrificed 4 weeks
after treatment. Results from time-course studies showed an incremental increase in
mutant frequency (MF) in lungs from mice sacrificed 1, 2 and 3 weeks after VC
treatment. A plateau in MF was observed between 3 and 4 weeks after VC treatment, at which time mutations were fixed and were about 4-fold of those in controls. Dose-dependent increases in MF were detected after treatment with doses of
15, 30, 45 and 60 mg/kg of VC. Peak MF was found after treatment with 60 mg/kg
VC, and no further increase was detected at 75 mg/kg VC. Sequencing of the cII
gene in lung showed that VC induced mainly A:T to T:A transversions and A:T to
G:C transitions. VC induced a 3-fold increase in MF in the small intestine but was
not mutagenic in colon, bone marrow or testis. EC was mutagenic in the lung at
doses of 500 and 1000 mg/kg but not at 60 or 250 mg/kg (i.p.). An EC dose of
1000 mg/kg elicited similar MF as a VC dose of 60 or 75 mg/kg. These results supported the hypothesis that VC is mutagenic in murine lung. Furthermore, VC is a
more potent mutagen than EC, and required a dose of EC that was 17-fold greater
than VC to achieve maximal MF. Supported by Grant No. 014061 from the
National Cancer Institute of Canada.
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3-METHYLINDOLE-INDUCED DNA DAMAGE LEADS
TO CYTOTOXICITY AND P53 NUCLEAR
LOCALIZATION

J. M. Weems, N. S. Cutler, W. K. Nichols and G. S. Yost. Pharmacology and
Toxicology, University of Utah, Salt Lake City, UT.
3-Methylindole (3MI) is a highly selective pneumotoxicant found in cigarette
smoke. Human cytochrome P450 enzymes present in pulmonary tissue, such as
2F1 (CYP2F1), catalyze the dehydrogenation of 3MI to the reactive intermediate
3-methyleneindoline (3MEIN). 3MEIN alkylates DNA and may inhibit DNA repair mechanisms. Low concentrations of 3MI ranging from 0.1-10µM are cytotoxic to both BEAS-2B and CYP2F1 overexpressing cells. The role of DNA repair
in protecting human lung cells from DNA damage and cytotoxicity induced by
3MI was assessed by inhibition of Poly (ADP-ribose) polymerase (PARP), a DNA
repair enzyme that is activated by DNA strand breaks. Selective inhibition of PARP
by 0.2mM 4-amino-1,8-napthaline (ANI) increased cytotoxicity of low concentrations of 3MI to both BEAS-2B and CYP2F1 overexpressing cells. An Alkaline
Comet assay showed that DNA damage by 0.1-1µM 3MI was exacerbated by
0.2mM ANI. In addition, administration of 0.2mM ANI in combination with 0.11µM 3MI was shown via immunocytochemistry to increase p53 nuclear localization in normal human bronchial epithelial (NHBE) cells. These results show that
very low concentrations of 3MI damage DNA despite substantial p53 nuclear recruitment. These DNA modifying events lead to extensive human lung cell death.
(This research was funded by NIH grant # HL13645.)
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DIFFERENTIAL FORMATION OF ESTROGEN AND
ESTRADIOL BY PLACENTAL AROMATASE

J. Schulze2, M. Schulze1 and C. Siegers1. 1Department of Experimental and
Clinical Pharmacology and Toxicology, Luebeck, Germany and 2Office of the Dean,
Frankfurt/Main, Germany.
Aromatase catalyzes the six electron transfer to form estrogen and estradiol from androstenedione, testosterone and other endogenous precursors. In most essays – tritium release, fluorescence based activity - enzyme activity is measured without regard to the product spectrum formed by aromatase. Using phosphorimaging to
assay aromatase activity we were able to detect and quantify all products separately.
Whereas in liver microsomes androstenedione was converted into at least 4 different products, in placenta microsomes only estradiol and estrogen were detected as
products. The ratio of estradiol to estrogen was 3 : 1 to 5 : 1 indicating preferential
formation of estradiol. Even with varying concentrations of androstenedione or microsomes no major differences in the estradiol / estrone ratio was observed, with estrone being the preferred product. Preliminary inhibition experiments indicate a
different ratio of estradiol to estrogen depending on the inhibitor used. Using the
mechanism-based inhibitor 4-hydroxyandrostenedione the product ratio of estrone
to estradiole remained essentially unchanged. However, inhibiting aromatase activity by the plant extract Cimicifuga preferentially inhibited the formation of estradiol whereas formation of estrone was much less affected, as indicated by the increase of the product ratio from 2 to 4, with a decrease in total aromatisation of ~
30%. These ratios indicate that in effect only estradiol formation is inhibited by
50% whereas estrone formation remains essentially unchanged. Given the fact that
estradiol is supposed to be the endocrine active steroid measuring the aromatase activity alone may not be sufficient to judge the inhibitory effects of xenoantiestrogens or phytoantiestrogens, but product isolation and quantification should be performed additionally to elucidate the effects on all relevant enzymes involved in
steroid synthesis and interconversion.
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DONG QUAI INHIBITS HUMAN CYTOCHROMES P450
IN VITRO

H. E. Kleiner1, 2 and A. Keller3, 1. 1Pharmacology, Toxicology, & Neuroscience,
Louisiana State University-Health Sciences Center, Shreveport, LA, 2Cancer
Prevention & Control, Feist-Weiller Cancer Center, Shreveport, LA and 3Caddo
Magnet High School, Shreveport, LA.
Dong Quai extract is derived from the medicinal herb, Angelica sinensis, which
contains furanocoumarins. As a class, furanocoumarins are known to inhibit cytochrome P450 enzyme activities. As a first step in predicting whether Dong Quai
extract has the potential to cause drug-herb interactions in humans, we assessed the
ability of Dong Quai extract to suppress human cDNA-expressed P450 enzyme activities in vitro. To address which P450s are inhibited by Dong Quai, human
cDNA-expressed P450s were incubated with increasing concentrations of Dong
Quai extract (5 µg/mL-9662 µg/mL). P450 1A1, 1A2, and 1B1 activities were determined by measuring 7-ethoxyresorufin O-dealkylation, and P450 2C9 activity
was assessed by measuring diclofenac 4’-hydroxylation. The concentrations of
Dong Quai extract that blocked 50% of the control P450 activity (IC50’s) were
compared. The results were as follows: Dong Quai inhibited P450 1A2 and P450
2C9 significantly, with IC50’s of 21 ± 17 and 41 ± 22 µg/mL, respectively. P450
1B1 was modestly inhibited by Dong Quai, with an IC50 of 163 ± 125 µg/mL.
P450 1A1 was inhibited the least with an IC50 of 1118 ± 199 µg/mL. These results
indicate that Dong Quai inhibited several human P450 enzyme activities in vitro.
Studies are in progress to examine the effects of Dong Quai on other members of
the P450 superfamily, especially P450 3A4, which is involved in metabolism of
many drugs.
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THE TOXICOLOGICAL MECHANISM OF STYRENE IN
CYP2E1 TRANSGENIC CELLS

J. Chung, W. Yuan and J. Zheng. Pharmaceutical Sciences, Northeastern University,
Boston, MA.
Styrene has been found to be toxic to the respiratory system, and the toxicity of
styrene is metabolism-dependent. CYP2E1 is suggested to be one of the cytochrome P450 enzymes responsible for the bioactivation of styrene. As an initial
step to understand the mechanism of cytotoxicity of styrene, we investigated the
role of CYP2E1 and styrene oxide metabolite in the cytotoxicity induced by styrene
as following. Styrene was found to be more toxic to CYP2E1 cells than to the wildtype, while there was no difference observed in cytotoxicity to the two cell lines
after exposure to styrene oxide. Both soluble and microsomal epoxide hydrolase inhibitors dramatically enhanced styrene toxicity. Glutathione and glutathione ethyl
ester showed protection against styrene cytotoxicity. We also developed a GST
(hGSTP isozyme) transgenic cell line from the CYP2E1 cells. The GST transgenic
cells (CYP2E1-GST+) was found to be less susceptible to styrene than the corre-

sponding wild-type cells. In addition, we developed structure-activity (toxicity) relationships of styrene. The cytotoxicity of a selection of styrene analogues, including ethylbenzene, vinylcyclohexane, and ethylcyclohexane, was assessed to determine if unsaturation is required for styrene toxicity. Both ethylbenzene and
vinylcyclohexane were found to be as toxic as styrene to CYP2E1 cells, whereas little toxicity of ethylcyclohexane to CYP2E1 cells observed. This indicates that the
double bonds (π system) are essential for styrene cytotoxicity. An N-acetylcysteine
conjugate derived from styrene oxide was identified by LC/MS/MS in the sample
obtained from the incubation of CYP2E1 cell lysate with styrene in the presence of
N-acetylcysteine. The formation of the N-acetylcysteine conjugate was also found
to be NADPH-dependent. Our studies clearly demonstrated the toxicological role
of CYP2E1 and styrene oxide metabolite in cell injury induced by styrene.
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EVALUATION OF THE TUMOR DOSE RESPONSE FOR
PROPYLENE OXIDE USING CFD MODELING AND THE
2-STAGE CLONAL GROWTH MODEL

Y. Tan, J. S. Kimbell, R. B. Conolly and H. J. Clewell. CIIT Centers for Health
Research, Research Triangle Park, NC.
Tumors of the nasal cavity arise in rats exposed to propylene oxide (PO) by inhalation at concentrations that cause cytotoxicity and regenerative cellular proliferation
(National Toxicology Program (NTP) 1985; Toxicol Appl Pharmacol 76, 69-84).
This finding raised a concern for potential carcinogenic effects of PO in humans. In
this study, a computational fluid dynamics (CFD) model of the rat nose (Toxicol
Appl Pharmacol 145, 388-98; Toxicol Sci 64, 100-110) with PO nasal uptake data
(Toxicol Sci 81, 216-24) was used to predict regional flux of PO at airway walls
throughout the rat nose. A comparison of predicted PO flux with regional PO-induced cell proliferation showed that the CFD model-predicted flux did not correlate well with observed cell proliferation data, nor did the region where the highest
flux was predicted correlate with the region where tumors were observed. These results indicate that other site-specific factors, such as tissue sensitivity or thickness of
the mucus and epithelium layers, may play an important role in determining POinduced tumors. Next, a 2-stage clonal growth (CG) model for the rat nose was calibrated using NTP (1985) historical control tumor incidence data, including papillary adenoma and squamous cell carcinoma. This calibration identified the baseline
parameter values of the CG model in the absence of PO exposure. The calibrated
model was then used to predict the tumor incidence in the PO tumor region considering regenerative cell proliferation to be the only mode of action for PO tumorigenicity. The published dose-response for PO effects on cell replication
(Toxicol Sci 75, 279-88) was used to define the division rates of the cells in the CG
model. The predicted tumor incidence was consistent with the observed tumor incidence (NTP, 1985; Toxicol Appl Pharmacol 76, 69-84).
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DEVELOPMENT OF A REVERSE DOSIMETRY
SCREENING APPROACH FOR THE INTERPRETATION
OF BIOMONITORING DATA ON VOLATILE ORGANIC
COMPOUNDS

H. J. Clewell, Y. Tan and K. H. Liao. Center for Human Health Assessment, CIIT
Centers for Health Research, Research Triangle Park, NC.
Biomonitoring data on volatile organic compounds (VOCs) may include measurements of the concentration of a compound in blood or exhaled air, or measurements of excreted metabolites in the urine. To interpret these biomonitoring data,
physiologically-based pharmacokinetic (PBPK) models can be of use since these
models have been routinely used to estimate tissue concentrations and/or metabolite production. A major challenge, however, is the infeasibility to develop and validate a specific PBPK model for every compound. To address this issue, a generic
VOC PBPK framework was developed to predict concentrations of parent chemical in blood and exhaled breath, as well as total metabolism. The ability of the
generic model to predict the kinetics of VOCs with different properties was evaluated by performing simulations using chemical specific parameters, obtained from
literature, for a variety of VOCs including trichloroethylene, vinyl chloride,
styrene, dichloromethane, perchloroethylene, isopropanol and acetone. It was
found that the model predictions were in agreement with experimental data, except
for acetone. To simulate water soluble VOCs like acetone, a description of the reservoir effect of the mucus layer of the upper respiratory tract is required. Next, the
generic PBPK model was coupled with structure activity relationship (SAR) techniques (Toxicol. Methods 6, 117-37; Chem Res Toxicol 18, 475-85) for estimating
chemical-specific parameters to extend the model’s capability to simulating VOCs
for which no chemical-specific data exist. SAR approach is moderately successful
for the lipophilic compounds listed above, but not for the water-soluble compounds, isopropanol and acetone. The PBPK/SAR approach can be used to perform initial screening of biomonitoring data on VOC in a dose perspective and to
differentiate compounds and exposures of potential concern.
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TOXICITY PREDICTION TOOLS FOR ENDOCRINE
DISRUPTION
M. A. Pasquinelli, S. B. Little and J. R. Rabinowitz. National Center for
Computational Toxicology, US Environmental Protection Agency, Research Triangle
Park, NC.
Experiments have shown that some classes of environmental chemicals act as agonists or antagonists of hormone receptors. We are developing a predictive tool using
molecular modeling that can be used to screen for endocrine disrupting effects.
This tool will aid the Agency in prioritizing data requirements for risk assessment.
A key step is to determine whether these chemicals bind to hormone receptors, and
if so, what the strength of the interaction is between the chemical and the receptor.
Computational docking methods provide this type of insight. We can then study
how this interaction impacts the function of the receptor and hence the toxicological mechanisms of these chemicals. A challenge for predictive methods in toxicology is the danger of false negatives. High-throughput computational docking
methods commonly used in drug discovery yield too many false negatives to be a
reliable predictive tool for toxicology. We have found that the false negative rate can
be minimized by including sufficient protein flexibility during the docking calculations using the Induced Fit program. As a test case, we cross-docked the ligands and
receptors from a series of crystal structures of the estrogen receptor (ER), including
structures with estradiol bound (1GWR) and the antagonist tamoxifen bound
(2BJ4). Rigid protein docking algorithms yield a false negative by predicting no
binding of tamoxifen to the 1GWR structure of ER. However, when some protein
flexibility is included for 1GWR, tamoxifen can bind properly in the ER binding
site, and this structure compares well to the 2BJ4 structure. This tool was then applied to a set of experimentally tested environmental chemicals and produced a significant reduction in the false negative rate. The inclusion of protein flexibility dramatically increases computational cost, so its usefulness in high-throughput
docking is limited. Potential methods for overcoming these limitations while conserving the accuracy will be discussed. This abstract does not necessarily reflect EPA
policy.
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INTEGRATING TRANSCRIPTOMICS WITH
CYTOTOXICITY FOR IDENTIFICATION OF
BIOMARKERS IN PRIMARY RAT HEPATOCYTES
EXPOSED TO CADMIUM
C. Wang1, 2, Y. Tan1, J. Xu1, L. Shi3, S. M. Hussain4 and J. M. Frazier4. 1CedarsSinai Research Institute, Cedars-Sinai Medical Center, Los Angeles, CA, 2Department
of Medicine, UCLA, Los Angeles, CA, 3Center for Toxicoinformatics, National Center
for Toxicological Research, Jefferson, AR and 4Applied Biotechnology, US Air Force
Research Laboratory, Wright-Patterson AFB, OH.
Any toxic chemical will disturb gene expression and, as a result, give rise to a specific “fingerprint” of chemical toxicity. DNA microarrays can provide information
about the mRNA expression of thousands of genes simultaneously at the transcriptomic level, while conventional cell viability and cytotoxicity measurements provide
information about the biological functions at the cellular level. Integrating such information at different levels provides a promising approach to evaluating or predicting how cells respond to chemical exposure. It is important to investigate the
multi-scale biological system in a systematic way to better understand the gene regulation networks and signal transduction pathways involved in the cellular responses to environmental factors. To characterize such information flow, rat primary hepatocytes were exposed to cadmium acetate at 0, 1.25, and 2 µM and
mRNA expression profiles were monitored using the Affymetrix RatTox U34
GeneChip® arrays at 0, 3, 6, 12 and 24h. In addition, cytotoxicity was assessed by
lactase dehydrogenase (LDH) leakage assay at each time point. Gene expression
profiles at different time points were used to evaluate cytotoxicity at subsequent
time points using partial least squares (PLS), and it was found that gene expression
profiles at 0h showed the best prediction accuracy for the cytotoxicity observed at
12h (R2cv = 0.92). Some biomarkers whose expression profiles showed strong relationship with cytotoxicity were identified and the underlying pathways were reconstructed to illustrate how hepatocytes respond to cadmium exposure. Permutation
studies were also applied to assess the reliability of the predictive models. In conclusion, gene expression profiles can be used as a sensitive detector for predicting cytotoxicity with high degree of accuracy.

1889

A SMALL NUMBER OF GENES ARE SUFFICIENT TO
CLASSIFY A LARGE NUMBER OF UNIQUE
TOXICOLOGICAL AND PHARMACOLOGICAL ENDPOINTS USING GENE EXPRESSION
G. Natsoulis, A. Tolley, J. Retief, B. Ganter, A. Engelberg, R. Brennan and K.
Jarnagin. Iconix Pharmaceuticals, Mountain View, CA.
We have assembled a large toxicogenomic database, DrugMatrix®, containing microarray expression profiles from short-term repeat dose rat studies for over 630 reference drugs and toxicants. Gene expression profiles were collected from up to
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seven different tissues, in addition to standard hematology, clinical chemistry,
histopathology and pharmacology assay data. We systematically mined the gene expression domain of this dataset using SPLP (Sparse Linear Programming), a twoclass supervised classification method. More than 300 thoroughly cross-validated
toxicology and pharmacology biomarkers (Drug Signatures®), each composed of
an average of 47 genes, were identified. We demonstrate that these signatures resolve distinct and uncorrelated end-points. Interestingly, some of these genes are
present in multiple signatures, with the occurrence of genes across signatures following a power law distribution. These genes are therefore forming a scale free network, which is significant as we can show that the hubs of the network (as few as
400 genes in a given tissue) are sufficient to recreate all signatures with no appreciable loss in classification performance The fact that all the different toxicological
endpoints tested in this large database converge on a limited number of genes, reflect the biological reality that a relatively small number of key processes are likely
involved in all toxicological and pharmacological responses. The identification of
these genes allows the development of an inexpensive device that can accurately determine pharmacological and toxicological responses during drug development.

1890

ELUCIDATION OF A GENE REGULATORY NETWORK
FOR FOREBRAIN DEVELOPMENT USING
BIOINFORMATICS APPROACHES FOR THE ANALYSIS
OF COMPILED MICROARRAY DATASETS

J. M. Gohlke1, F. M. Parham1, J. S. Parker2, M. V. Smith2 and C. J. Portier1.
1
Laboratory of Molecular Toxicology, NIEHS, Research Triangle Park, NC and
2
Constella Health Sciences, Durham, NC.
Computational models can facilitate elucidation of the multitude of dynamic gene
and protein interactions that govern the mechanism of a toxicological response. In
the field of systems biology, there has been considerable discussion of “algorithmbased” versus “literature-based” approaches. In particular, algorithm-based approaches have been criticized for utilizing data generated solely by novel highthroughput techniques at the gene, protein, or metabolite level, while excluding
data generated using more traditional approaches at various levels of organization.
Alternatively, literature-based approaches attempt to incorporate data from numerous sources and at various levels, but they may miss important novel discoveries
gleaned from the integration of broad gene or protein expression scans. Here we directly compare algorithm-based to literature-based methodologies for elucidation
of gene regulatory networks (GRN). First, we build a GRN from compilation of
the current literature on regulation of mammalian forebrain development using diverse experimental approaches. We then quantify this literature-based GRN (LGRN) using microarray datasets from several transgenics and gain-of-function perturbations ( Ngn1-/-, Ngn2-/-, Mash1-/-, Ngn1/Ngn2-/-, Ngn2/Mash1-/-, Dlx1/2-/-,
Ngn2GOF and Mash1GOF) using Bayesian statistical approaches. An alternative
GRN is generated using a Bayesian-based algorithm (A-GRN) utilizing only the
microarray dataset. We are able to show that both methodologies have distinct benefits, namely hypothesis testing in the quantification of the L-GRN and hypothesis
generation in the A-GRN. For example, Gsh1 regulation of Dlx 1 and Dlx 2 during
the differentiation of GABAergic neurons in the ventral forebrain is not supported
by the micorarray dataset, whereas a novel linkage between Pax6 and Nscl1 during
the differentiation of glutamatergic neurons in the dorsal forebrain is suggested by
the analysis.

1891

COMMON GENE NETWORKS AT MOUSE LIVER
EXPOSED TO CARCINOGENS

H. Toyoshiba and H. Sone. NIES, Tsukuba, Japan.
Microarray data have been used in toxicological studies and the data allows researches to measure thousands of genes relative expression simultaneously. By using
this type of data, pathway analysis or linkage analysis between genes could be available to reveal and predict biological mechanisms after expose to toxicological compounds. One of developed methods for pathway analysis is Gene Interaction
Network (GIN). Several types of GIN have been used in toxicological studies.
In the GIN analysis, finding similarity and differences between networks is important, because if two estimated networks for two data sets obtained under different
conditions have similar structure, it could be expected that the biological mechanisms under the two conditions are similar. On the other hand, it could be considered that compounds have the same diverse effects could have similar network
structure. That common network structure could be considered as the key networks
cause the same diverse effect by these compounds. Hence, it would be useful to develop methods to find the common network structure among compounds.
In this study, it was assumed that there are common networks in biological mechanisms and the common GINs were estimated for data set measured from mice livers
exposed to compounds, Oxazepam (125 and 2500 p.p.m.), O-nitrotoluene (1250

and 5000 p.p.m.), Methyleugenol (75 mg/kg/day), P-nitrotoluene (5000 p.p.m.),
Eugenol (75 mg/kg/day) and Acetaminophen (6000 p.p.m.). For each compound,
quantitative analysis was performed to see the role and the significant level of each
linkage in the common GIN. Linkages having the same roles over all the compounds might be thought the common mechanisms among the compounds.

1892

SYSTEMS BIOLOGY APPROACH FOR ELUCIDATING
MECHANISM OF TOXICITY

G. Apic1 and R. Russell2. 1Cambridge Cell Networks LTD., Cambridge, United
Kingdom and 2European Molecular Biology Laboratory, Heidelberg, Germany.
Sponsor: S. Boyer.
Systems biology approaches and advances in computational modeling promise to
impact greatly our understanding of molecular mechanisms of toxicity and compound/drug action. In order to develop useful systems biology tools for toxicologists we have combined cutting edge bioinformatics, proteomics, comparative genomics, knowledge management of non-structured toxicology and safety data and
chemoinformatics and developed computational cell-models that allow direct links:
 From an observed toxicity or pathology (e.g. liver hyperplasia) to responsible biological pathways
 From a compound structure to the possible affected pathways.
The models are embedded into software tools and databases and used to identify
pathways responsible for an observed toxicity or pathology. With these tools it is
possible to go immediately from a pathology to those genes, proteins, chemicals
and biological pathways associated with it, and to see how well these associations
are preserved across species most relevant to drug discovery (e.g. human, rat,
mouse, dog). We applied the tools in three case studies to help rationalize the toxic
findings and predict possible toxic effects: i) to find cross-talks between nuclear
hormone receptor pathway and export of bile acids ii) identify biomarkers for deep
vain thrombosis and estrogen receptors and iii) to predict a possibility of a drug
causing an ocular effect. We can conclude that although systems biology is still far
off from its ultimate goals to provide an understanding of the complete set of molecular mechanisms describing an organism, many useful insights can already come
from currently available information and technology. Systems biology tools can be
helpful in rationalizing toxic finding and helping prioritize compounds. The impact of the systems biology approach we see to be particularly great on regulatory
toxicology, lead optimization and toxicity biomarker identification.
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ETHANOL DIMINISHES LPS-INDUCED TLR4/CD14
RECEPTOR CLUSTERING AND ASSOCIATED
CHANGES IN THE ACTIN CYTOSKELETON AND
ACCUMULATION OF MEMBRANE BOUND AND
SECRETED TNF-ALPHA

Q. Dai and S. B. Pruett. Cellular BIology & Anatomy, LSU Health Sciences Center,
Shreveport, LA.
Ethanol (EtOH) suppresses cytokine responses induced through most toll-like receptors (TLRs) and intracellular signaling events initiated by TLRs. We recently
found that acute EtOH alters LPS-induced partitioning of CD14, a critical component of the lipopolysaccharide (LPS) receptor complex, within lipid raft fractions
in the macrophage-like cell line RAW 264.7. Thus, EtOH may act primarily at the
initial steps in signaling to inhibit cellular responses to TLR ligands. One possible
mechanism of action would be prevention of the formation of clusters of the TLR
receptor complex on the cell surface. Here we investigated the role of receptor clustering in alteration of the responses of cells to LPS caused by EtOH both in vitro
and in vivo. The cellular distribution of CD14, TLR4, actin cytoskeleton, and
TNF-alpha were studied by confocal microscopy following exposure of cells to LPS
with our without EtOH. Treatment with LPS caused TLR4 and CD14 to cluster
into highly co-localized patches or caps on the cell membrane accompanied by the
reorganization of the actin cytoskeleton in some of the RAW264.7 cells as well as
peritoneal cells. Addition of EtOH reduced the number of cells that had LPS-induced receptor patches and in which this reorganization occurred. Cells on which
CD14 and TLR4 formed caps had higher levels of membrane bound TNF-alpha
compared to cells without capping of these molecules, suggesting that capping indicates cellular activation necessary for TNF-alpha production. Interference with
actin cytoskeleton rearrangement by cytochalasin D suppressed the production of
TNF-alpha, as EtOH did. These data are consistent with our previous study using
biochemical methods, which indicated that CD14 partitioning among lipid raft
fractions was prevented by EtOH. The results suggest a novel mechanism of EtOH
action that involves interference with receptor clustering, rearrangement of actin
filaments, and subsequent production of TNF-alpha. This work was supported by
grant AA009505 from NIAAA.
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SYNERGISTIC EFFECT OF BACTERIAL
LIPOPOLYSACCHARIDE ON ACETAMINOPHENINDUCED PRODUCTION OF CYTOKINES IN THE RAW
264.7 MOUSE MACROPHAGE CELL LINE
S. Lacour1, 2, J. Gautier1 and M. Pallardy2. 1Drug Safety Evaluation, sanofi aventis,
Alfortville, France and 2Faculte de Pharmacie, INSERM UMR-S 461, ChatenayMalabry, France.
There is extensive evidence that Kupffer cell-derived pro-inflammatory cytokines
are involved in the liver toxicity of certain drugs, such as acetaminophen (APAP). It
is hypothesized that these cytokines participate in amplification of the initial injury
produced by these hepatotoxicants. We investigated the effect of subtoxic concentrations of bacterial lipopolysaccharide (LPS; E. Coli 026:B6) on the expression of
the pro-inflammatory cytokines TNFα, IL-1β and IL-6 using the mouse
macrophage cell line RAW 264.7 exposed to APAP. Cytokines were measured in the
supernatant by ELISA assay. We found a dose-dependent stimulation of the production of TNFα, IL-1β and IL-6 after a 24 h treatment with 0.02 to 1 mM APAP.
In the presence of 0.1 ng/ml and 1 ng/ml LPS combined with 1 mM APAP, the increase of TNFα, IL-1β and IL-6 was higher than the sum of cytokine amounts induced by APAP or LPS alone. To further investigate this synergistic effect, we tested
the effects of several peptidic inhibitors of MAPKs (Mitogen Activated Protein
Kinase) known to be involved in the production of TNFα, IL-1β and IL-6
(SB203580 for p38MAPK, PD98059 for ERK, SP600125 for JNK). We found
that JNK and ERK dependent signalling pathways were involved in the production
of IL-6, IL-1β and TNFα in RAW 264.7 cells treated with the combination APAP
plus LPS. However, p38 MAPK was involved in IL-1β and IL-6 but not in TNFα
production. The involvement of several signal transduction pathways, in addition
to the NF-κB pathway, in the production of pro-inflammatory cytokines in
macrophages exposed to APAP in the presence of LPS may explain the observed
synergistic effect and could represent one of the mechanisms underlying inter-individual human susceptibility to APAP-induced hepatotoxicity.
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2,3,7,8-TETRACHLORODIBENZO-P-DIOXIN (TCDD)
REQUIRES THE HELP OF DENDRITIC CELLS OR
MITOGEN TO INDUCE APOPTOSIS IN PRIMARY T
CELLS AND ESTABLISHED T CELL LINE IN VITRO
N. P. Singh, M. Nagarkatti and P. Nagarkatti. Pathology & Microbiology,
University of South Carolina, Columbia, SC.
We have recently shown that TCDD induces apoptosis in thymic T cells following
interactions with stromal cells in vivo. However, the mechanism of apoptosis induced by TCDD in peripheral T cells is not clear. Moreover, no studies have thus
far shown the ability of TCDD to induce T cell apoptosis in vitro. In the present
study, we examined TCDD-induced T cell apoptosis in vitro using mouse primary
T cells and an established T lymphoma cell line. To this end, we cultured primary T
cells from C57BL/6 mice in the absence or presence of mature syngeneic dendritic
cells for 24 hrs and then treated them with 100-1000 nM of TCDD. Similar studies were also performed with EL-4 cells activated with ConA. We observed dose-dependent TCDD-induced apoptosis in primary T cells only following activation
with mature dendritic cells and in EL-4 cells activated with ConA. TCDD failed to
induce apoptosis in T cells in the absence of dendritic cells or ConA. Next, we determined the expression of AhR, Fas and FasL in ConA-activated EL4 cells and observed upregulation of AhR, Fas, and FasL expression. The induction of apoptosis
in T cells correlated with upregulation of AhR, caspase 3, caspase 8, and caspase 9
and downregulation of c-FLIP expression. Furthermore, alpha-Naphthoflavone, an
antagonist of AhR significantly inhibited TCDD-induced apoptosis in T cells.
Also, we observed minimal or reduced apoptosis in the presence of inhibitors
against caspase 3, caspase 8, caspase 9, and NF-kappaB (NF-kB) in the culture.
Taken together, our data demonstrate that activation of T cells by mitogens or mature dendritic cells in the presence of TCDD leads to upregulation of AhR, Fas, and
FasL, which in turn, triggers apoptosis in T cell (This work was supported in part
by NIH grants R01AI053703, R01ES09098, R01 AI058300, R01DA016545,
R01HL058641, ACS Institutional Research Grant, and JD Williams Research
Foundation Grant).
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MICROARRAY ANALYSIS OF BIS(TRI-NBUTYLTIN)OXIDE (TBTO) INDUCED
IMMUNOTOXICITY
K. Baken1, 2, J. Pennings2, H. van Steeg2, 3 and H. van Loveren2, 1. 1Health Risk
Analysis and Toxicology, Maastricht University, Maastricht, Netherlands, 2Toxicology,
Pathology and Genetics, RIVM, Bilthoven, Netherlands and 3Toxicogenetics, LUMC,
Leiden, Netherlands.
The aim of our research is to identify genetic biomarkers for immunotoxicity. Here,
we investigated if the known immunotoxic effects and mechanisms of the biocide
bis(tri-n-butyltin)oxide (TBTO) could be detected by microarray analysis. The
prime target organ of TBTO is the thymus, in which atrophy of the cortex is induced, resulting in reduced T-cell-dependent immunity.
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Eight week old C57Bl/6 mice were exposed for 3, 7, or 14 days (n=8 per group) to
the maximum tolerable dose of 300 ppm TBTO in the diet. RNA was isolated from
liver, spleen and thymus of these mice and appropriate controls. Microarray analysis was performed with a set of 11K oligo’s selected for (immuno)toxic relevance,
spotted in duplo. Significance of changes in gene expression was determined with
ANOVA. For cluster analysis GeneMaths was used, and pathway enrichment was
analyzed with EASE.
TBTO exposure caused a time-dependent atrophy of the thymus, which was also
the organ where by far the largest number of regulated genes were found. Pathway
analysis indicated suppression of processes related to cell division, RNA processing
and response to DNA damage and upregulation of protein synthesis.
Downregulation of cellular immune response pathways by TBTO was seen in the
liver. This organ also showed upregulation of monooxygenase and oxidoreductase
activity.
In sum, from 3 days of exposure onwards effects of TBTO were detected at the
transcriptome level. Downregulation of immune related cellular pathways was observed in the liver only. As toxicity of TBTO as established by classical parameters is
especially evident in the thymus, the detected inhibition of cell division in this
organ could very well form the basis of the thymus atrophy and resulting immunosuppression that arises after TBTO exposure. This finding refutes the suggestion
that apoptosis is the primary mechanism of TBTO induced thymus atrophy.

1897

IMMUNE FUNCTION IN RATS DEVELOPMENTALLY
EXPOSED TO DIBUTYLTIN DICHLORIDE

J. DeWitt1, C. Copeland2 and R. Luebke2. 1Curriculum in Toxicology, UNC, Chapel
Hill, NC and 2ORD/NHEERL/ETD/ITB, USEPA, Research Triangle Park, NC.
Organotins are used commercially as pesticides, antifouling agents and stabilizers
for polyvinyl chloride (PVC) pipe. Mono- and di-substituted methyl and butyltins,
used in PVC pipe production, are of concern to the USEPA as they leach from supply pipes into drinking water and have been associated with multisystem toxicity.
We assessed immune function in offspring of Sprague Dawley rats after developmental dibutyltin dichloride (DBT) exposure. Individually housed pregnant rats
were given drinking water containing 0, 10 or 25 mg/L of DBT (final concentration) in 0.5% Alkamuls from gestational day 6 through postnatal day (PND) 21.
Litters were sexed, weighed, and culled to 4 males/4 females per dam on PND2.
Beginning on PND3, litters of half of the dams from each group were directly exposed with water containing 0, 1.0, or 2.5 mg DBT/kg BW in 0.5% Alkamuls via
oral gavage 3x/week for 10 doses; exposure of the remaining litters was indirect via
lactation. BW gain of litters from the 2.5 mg DBT/kg group was decreased relative
to other groups, but reached control levels by PND50. Delayed-type hypersensitivity (DTH), primary and secondary antibody responses, and natural killer (NK) cell
activity were evaluated in offspring after PND42 (N = 6/sex/group). With minor
exception, DTH response and NK cell activity were similar among groups regardless of dose or type of exposure. In females, IgM was suppressed in the 25 mg
DBT/L direct and indirect groups and in the 10 mg/L direct group relative to control groups (P<0.05). In males, IgG was elevated in the 25 mg/L indirect group relative to controls (P=0.02). A replicate study for antibody production did not corroborate these results, indicating that effects observed at these exposure levels are
not particularly robust. Our data suggest that DBT is unlikely to cause immunotoxicity at levels found in drinking water as the concentrations we used were a million times higher than DBT levels reported in drinking water. (This abstract does
not reflect EPA policy and was supported by UNC/EPA Cooperative Training
Agreement CT829472.)
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THE LUNG, NOT THE IMMUNE SYSTEM, IS THE
TARGET OF AHR-MEDIATED EVENTS THAT
ENHANCE INNATE IMMUNE RESPONSES TO
RESPIRATORY VIRAL INFECTION

S. Teske, H. Neff-LaFord and B. Lawrence. Pharmaceutical Sciences, Washington
State University, Pullman, WA.
In the course of studying how activation of the aryl hydrocarbon receptor (AhR) by
TCDD suppresses the adaptive immune response to influenza A virus, we have discovered that AhR activation inappropriately up-regulates certain innate immune responses in the lung. These changes occur in an AhR-dependent manner, and include excessive numbers of neutrophils in the airways and interstitial spaces, 2-4
times higher interferon gamma (IFNγ), and increased pulmonary inducible nitric
oxide synthase (iNOS) levels. Another novel observation is that exposure to TCDD
changes the cellular source of IFNγ in the lung. Generally, T lymphocytes and NK
cells are considered the primary sources of IFNγ. However, AhR activation by
TCDD stimulates macrophages and neutrophils to make IFNγ, with alveolar
macrophages being the major producer of the excess IFNγ. In order to determine
whether AhR-mediated events within or external to the immune system underlie
the deregulated innate response, we generated bone marrow chimeric mice where
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the animal, including the lung, expresses a functional AhR, but the immune cells
are AhR-deficient. Using these mice, we have discovered that the AhR-mediated
events underlying increased neutrophil numbers and elevated IFNγ production by
phagocytic cells do not require the presence of the AhR within the hematopoetic
system. This suggests that AhR activation by TCDD changes the response of lung
parenchymal cells, such that regulatory pathways in the lung are cued to respond
inappropriately to infection. Thus, alterations in lung epithelial or endothelial cell
function constitute likely pulmonary targets of AhR-mediated toxicity. The mechanisms driving these alterations are not yet clear, however, given that excessive neutrophil recruitment and high levels of IFNγ and iNOS are associated with the
pathology of many chronic inflammatory diseases of the lower respiratory tract, our
novel findings suggest that AhR activation my contribute to the development of
these disorders.

1899

IMMUNOTOXICITY OF A PESTICIDE MIXTURE:
MECHANISM OF GREATER THAN ADDITIVE
INHIBITION OF CYTOKINE PRODUCTION

S. B. Pruett, C. Schwab, Q. Zheng and R. Fan. Cellular BIology & Anatomy, LSU
Health Sciences Center, Shreveport, LA.
Most human exposures to environmental contaminants involve exposure to more
than one compound at the same time. Regulatory policies reflect the current scientific consensus that the effects of chemicals with a common mechanism of action
can be regarded as additive. However, there is insufficient data to generalize about
the effects chemicals with different mechanisms of action with regard to immunotoxicity. In an effort to obtain such data, mice were treated simultaneously with two
pesticides. Atrazine is the most abundantly used conventional agricultural chemical, and dieldrin is a persistent organic pollutant that is so prevalent in the environment that there is a 60% probability in the U.S. of consuming a diet that contains
amounts greater than safe limits. Mice were treated with atrazine (50-200 mg/kg,
sc), dieldrin (10-25 mg/kg, sc) or both. Two or 4 hr after the last dose, mice were
treated with polyinosinic-polycytidylic acid (poly I:C, 100 µg/mouse, iv). Thirty
minutes later, peritoneal macrophages were isolated and evaluated for activation of
AP-1 (p-c-Jun) and NF-kappaB (p65). In separate experiments, mice were euthanized 3 hr after poly I:C, and serum and peritoneal lavage fluid were obtained for
cytokine analysis. The results demonstrate a greater than additive suppression of IL6 production in serum and peritoneal fluid when both compounds are administered. However, one combination of doses yielded suppression of AP-1 and NFkappaB that was nearly additive, whereas this same combination of doses much
greater than additively inhibited IL-6 production. These results suggest that possibility that additive suppression of the activation of two transcription factors by two
chemicals can yield greater than additive suppression of cytokine production, possibly reflecting the fact that transcription factors can act synergistically to enhance (or
suppress) gene expression. This work was supported by NIEHS grant ES09158.
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EXAMINATION OF A POTENTIAL ESTROGENIC MODE
OF ACTION FOR CHLORDECONE ACCELERATION OF
AUTOIMMUNITY IN NZBXNZW/F1 MICE

F. Wang, S. M. Roberts and E. S. Sobel. University of Florida, Gainesville, FL.
The weakly xenoestrogenic pesticide chlordecone can accelerate lupus development
in ovariectomized (NZBxNZW)F1 mice, an effect similar to that produced by estrogen. A series of experiments were conducted to determine whether chlordecone
produces effects on autoimmunity by functioning as an estrogen mimic. Twomonth old ovariectomized (NZBxNZW)F1 mice were implanted subcutaneously
with 60-day sustained-release pellets containing 17-beta estradiol (0.05mg/pellet)
or chlordecone (1.0 or 5 mg/pellet) for six weeks. Mice implanted with pellets containing matrix only served as controls. Gene expression level on magnetic bead-purified splenic B cells was measured by real-time PCR, CD4 T and B cell apoptosis
was studied by flow cytometry, and in vitro cytokine secretion was tested by a
multi-cytokine detection system. Both chlordecone and estrogen significantly reduced B and CD4 T cell apoptosis without affecting proliferation, and both increased B cell Shp-1 and Bcl-2 gene expression. However, chlordecone but not
estradiol treatment induced T cell secretion of pro-inflammatory cytokines, including TNF-alpha, IFN-gamma and GM-CSF secretion. In contrast, estradiol stimulated increased IL-2 while inhibiting IL-4 secretion. Most strikingly, estrogen dramatically increased serum prolactin levels, as measured by RIA, but chlordecone
showed a marked dose-dependent decrease. Furthermore, estrogen but not chlordecone significantly increased B cell prolactin receptor gene expression level. These
findings suggest that while chlordecone and estrogen may share some pathways
leading to enhanced survival of autoreactive lymphocytes, there are important differences, and chlordecone is not mediating its effects indirectly through stimulation
of prolactin-mediated signaling. Supported in part by Superfund Basic Research
grant ES-07375.
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ENVIRONMENTAL CONTAMINANT
TRICHLOROETHYLENE PROMOTES AUTOIMMUNE
DISEASE AND INHIBITS T CELL APOPTOSIS

K. Gilbert1, N. Pumford2 and S. Blossom1. 1Microbiology and Immunology,
University of Arkansas for Medical Sciences/Arkansas Children’s Hospital Research
Institute, Little Rock, AR and 2Cell and Molecular Biology Program, University of
Arkansas, Fayetteville, AR.
MRL +/+ mice exposed to occupationally relevant doses of the environmental contaminant trichloroethylene in their drinking water for 32 weeks developed autoantibodies and pathological evidence of autoimmune hepatitis. The ability of
trichloroethylene to promote autoimmunity was associated with the expansion of
activated (CD44hi CD62Llo) CD4+ T cells that produced increased levels of the
pro-inflammatory cytokine IFN-gamma. Activated T cells can accumulate if the
activation-induced cell death (AICD) form of apoptosis is suppressed.
Consequently, the effect of trichloroethylene on AICD in CD4+ T cells was investigated. Because autoimmunity in MRL+/+ mice required metabolism of
trichloroethylene, these experiments were conducted with one of trichloroethylene’s
major oxidative metabolites, namely trichloroacetaldehyde hydrate (TCAH).
CD4+ T cells isolated from mice exposed to TCAH in their drinking water for 4
weeks were resistant to AICD induced by treatment with anti-CD3 antibody. The
TCAH-induced decrease in AICD was associated with decreased expression of
FasL, one of the cell surface molecules that mediates apoptosis. The decrease in
FasL expression and AICD in CD4+ T cells exposed to TCAH was blocked by a
general metalloproteinase inhibitor. In addition, the matrix metalloproteinase
shown to cleave FasL from the surface of T cells, MMP-7, was increased in the
serum of the TCAH-treated mice. Taken together, the results suggest that exposure
to the environmental contaminant trichloroethylene works via it’s metabolite
TCAH to inhibit AICD in CD4+ T cells by stimulating metalloproteinase activity.
This effect may promote autoimmune disease by suppressing the AICD that would
otherwise delete activated self-reactive T cells. This work was supported by the EPA
and the Arkansas Biosciences Institute.
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EFFECT BASED CLASSIFICATION SCHEME FOR IN
VITRO DATA TO PREDICT ACUTE RODENT TOXICITY

A. Freidig, S. Dekkers, J. Bessems, M. Verwei and H. van de Sandt. TNO
Quality of Life, Zeist, Netherlands.
Future EU legislations enforce a fast hazard and risk assessment of thousands of existing chemicals. If conducted by means of present data requirements, this assessment will use a huge number of test animals and will be neither cost nor time effective. The purpose of the current research was to develop methods to increase the
acceptability of in vitro data for classification and labelling regarding acute toxicity.
For this purpose, a large existing database (Halle, 2003) containing in vitro and in
vivo data was analysed. For more than 300 compounds in the database, relations
between in vitro cytotoxicity and in vivo LD50 values were re-evaluated in rat or
mouse after oral of intravenous dosing and the possibilities for definition of mechanism based chemical subclasses were investigated.
A high in vitro- in vivo correlation was found for chemicals classified as irritants.
This can be explained by a shared unspecific cytotoxicity of these compounds
which will act as the predominant mode of action for both endpoints, irritation and
acute toxicity. For this sub-class, which covered almost 40 % of all compounds in
the database, the LD50 values after intravenous dosing could be predicted with
high accuracy. A somewhat lower accuracy was found for the prediction of oral
LD50 values based on in vitro cytotoxicity data. The prediction of oral LD50 values could be improved after correction for the bioavailability of irritants.
Based on this successful correlation, a classification and labelling scheme was developed, that includes SAR based definition of applicability domain, prediction and
uncertainty definition for the labelling of compounds for their acute toxicity. The
scheme was tested by an external validation.
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DEVELOPING KNOWLEDGE OF STRUCTUREACTIVITY RELATIONSHIPS IN TOXICITY

N. Greene1, B. Acar-Chiaradia2, C. McKay2, C. A. Marchant2, R. R. Note2 and
M. L. Patel2. 1Safety Sciences - Groton, Pfizer Global Research & Development,
Groton, CT and 2Lhasa Limited, Leeds, United Kingdom.
An understanding of structure-activity relationships (SARs) can make a significant
contribution to the early identification of potential toxicity concerns in the drug
development process. In order to maximise this understanding, it is important to
make as much use as possible of existing toxicity data available in the published literature. These toxicity data are often spread across diverse sources and need to be
collated before SAR development can take place. The current work has explored the
collection of toxicity data and the development of SARs for three toxicological endpoints: hepatotoxicity, ocular toxicity and reproductive toxicity. In the initial stages

of the investigation of each endpoint, readily available reviews of relevant toxicity
data were used to build structure-searchable databases. These databases were then
analysed to identify chemical features potentially associated with toxicity. Extensive
searches of the published literature were then undertaken in order to identify additional toxicity data and other relevant information, such as the mechanism of toxicity, for compounds containing each of the chemical features concerned. The results of these searches were used to supplement the databases and to determine the
scope of structural alerts for toxicity. Currently, toxicity data for more than 2000
chemicals have been collated and twenty-seven structural alerts have been developed. The structural alerts have been implemented in the Derek for Windows expert system so that the SAR knowledge derived is easily accessible for the in silico
toxicity assessment of new compounds.

1904

MODELING AND INFORMATICS SUPPORT FOR
SAFETY STUDIES IN EARLY DRUG DISCOVERY
PROJECTS

S. C. Boyer, S. W. Ernst, M. Graham and G. J. Oliver. Global Safety Assessment,
AstraZeneca R&D Moelndal, Moelndal, Sweden.
Access to toxicology data is critical to effective decision making in early drug discovery projects. Often in such projects little is known about the therapeutic target
and usually even less is known about potential adverse effects of the chemical series
being investigated. Simply providing unstructured safety-related information on
targets and chemical series to project teams trying to make safety-based decisions is
not adequate due to the varied nature and quality of toxicology data. This presentation gives examples of how toxicologically-relevant data can be structured, mined
and in some cases modeled to enhance decision making. Project examples will be
presented of QSAR models and their interpretation, including characterization of
the underlying assay error for better interpretation of the model results, development of SAR systems that support decision-making and enhance awareness around
such endpoints as mutagenesis, hERG and reactive intermediates. Examples of data
mining methods will also be presented including systems to present summary data
from the RTECS database and a tool to easily mine biotransformation data from
any reaction database. Text mining strategies and tools will also be presented that
enhance the searching and presentation of target/protein/gene information as well
as information from internal safety reports. In general, toxicology data should be
structured depending on, 1) its intended use, 2) its overall quality and 3) its internal data structure (text vs. numerical) to assure its optimum use. Brief examples of
the varying data types and their usage in project decision making will be presented
along with some strategies for hypothesis generation around adverse events using a
combined approach of molecular modeling/virtual screening and text mining.
Together, these tools, built to be appropriate to the various data types, represent a
basic toolkit for the toxicologist needing to make meaningful contributions to the
myriad decisions made in early drug discovery projects.
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THREE DISTINCT PHARMACOLOGIC AGENTS
ASSOCIATED WITH HUMAN IDIOSYNCRATIC
HEPATOTOXICITY DISPLAY COMMONALITIES IN
GENE EXPRESSION PROFILES IN LPS CO-TREATED
RATS

M. J. Liguori1, J. F. Waring1, J. P. Luyendyk2, X. Deng2, J. F. Maddox2, P. E.
Ganey2, R. F. Stachlewitz1, E. A. Blomme1, W. B. Mattes3, G. N. Cosma3 and
R. A. Roth2. 1Department . of Cellular and Molecular Toxicology, Abbott
Laboratories, Abbott Park, IL, 2Department . of Pharmacology and Toxicology,
Michigan State University, East Lansing, MI and 3Pharmacia, Inc., Skokie, IL.
One hypothesis for the pathogenesis of hepatic idiosyncratic drug reactions (IDRs)
is that in certain individuals, underlying inflammation results in sensitization of the
liver such that an agent may induce hepatotoxicity at a normally therapeutic dose.
To investigate this further, we co-treated rats with a nonhepatotoxic dose of bacterial lipopolysaccharide (LPS) and one of three different drugs associated with IDR,
ranitidine, trovafloxacin, or diclofenac. The drug doses used were not sufficient to
cause hepatotoxicity. However, all three agents caused hepatotoxicity in rats when
co-dosed with LPS. Liver microarray analysis revealed relatively few changes in gene
expression after administration of each drug alone. However, more dramatic gene
expression changes were observed in LPS/drug-cotreated rats, some of which were
distinct from the effect of LPS alone. Although global hepatic gene expression profiles segregated the LPS/drug co-treatment groups into 3 distinct clusters, a closer
examination revealed a set of 98 genes regulated similarly for each group. These
genes are involved in a number of critical cellular processes, including signal transduction, defense responses, response to wounding, and positive regulation of apoptosis. Interestingly, this gene set was anticorrelated to the expression profile of another drug, levofloxacin, which is devoid of idiosyncratic hepatotoxic liability in
people. Identification of gene expression similarity among drugs associated with
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IDR may be helpful to further characterize potential mechanism(s) and to identify
candidate biomarkers that may assist in the early detection of liability potential in
preclinical studies or early in clinical trials. (Supported by Abbott and NIH grant
DK061315).
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THE POSSIBILITY OF CHEMICAL COMPUTATION
APPROACHES TO DRUDS PHOTOSAFETY
EVALUATION

Y. Zhou1, H. Yamada1, M. Sakimura1, M. Fujikawa1, I. Horii1 and A.
Ishibashi2. 1Safety sciences, Pfizer Global Reseach & Development, Nagoya LAB..,
Taketoyo, Aichi, Japan and 2Computational chemistry and structural sciences, Pfizer
Global Reseach & Development, Nagoya LAB.., Taketoyo, Aichi, Japan.
Purpose: The in silico chemical computation of energy difference between highest
occupied and lowest unoccupied molecular orbitals (HOMO-LUMO gap) is considered as a method for predicting phototoxicity potency of chemicals. The purpose
of this study was to evaluate its prediction ability through investigating the correlation between the results of HOMO-LUMO gap analysis, in vitro 3T3 neutral red
uptake phototoxicity test (NRU PT) and in vivo phototoxicity tests.
Methods: The HOMO-LUMO gaps were computed for 5 quinolone antibiotics
(ciprofloxacin: CPFX, norfloxacin: NFLX, enoxacin: ENX, lomefloxacin: LFLX,
ofloxacin: OFLX), 8-methoxypsolaren (8-MOP) and 134 in house compounds
using the Jaguar 5.5 software. The phototoxicity potentials of all compounds were
tested in the in vitro 3T3 NRU PT indicated by the Organization for Economic
Co-operation and Development (OECD, 2002) 432 guidelines. The mean photo
effect (MPE) values were calculated using the software - Phototox. Ver 2.0. In the in
vivo phototoxicity test, guinea pigs were given single oral dose of CPFX
(200mg/kg), LFLX (200mg/kg) or 8-MOP (25mg/kg). 30min after dosing, the animals were exposed to ultraviolet-A for 40 min (10J/cm2). The phototoxicity was
evaluated based on the degree of erythema and edema symptoms in the skin at 24
and 48 hours, and the drug exposure levels in blood were measured by toxicokinetic
experiment.
Results and Conclusion: 100% of the compounds with <10.5 eV HOMO-LUMO
gap values showed positive results and 86% of the compounds with >11.7 eV
HOMO-LUMO gap values showed negative results in the in vitro 3T3 NRU PT.
For CPFX, LFLX and 8-MOP, their HOMO-LUMO gap values were <10.5 eV,
and phototoxicity was observed both in the in vitro 3T3 NRU PT andin vivo
test.using guinea pigs. The results of this study suggested that the chemical computation of HOMO-LUMO gap can be useful for screening the phototoxicity potential of compounds.
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HUMAN PBMCS AS AN IN VITRO MODEL FOR
PREDICTING COMPOUND TOXICITY

N. Patil1, L. Brady1, S. Brown1, N. Faravashi1, E. A. Blomme2, J. F. Waring2,
Y. Yang2, S. J. Abel2, B. Eynon1, S. Fujimoto1, K. Kolaja1, D. N. Halbert1 and
G. Day1. 1Iconix Pharmaceuticals, Inc., Mountain View, CA and 2Abbott
Laboratories, Abbott Park, IL.
In vitro cell systems have the distinct advantage of requiring minimal amounts of
test compound and of being cost-effective and amenable to high throughput testing. The ability to use in vitro systems to determine a chemical’s propensity for inducing particular toxicities in the clinics would represent a significant advance in
drug development. We have shown that gene expression profiling of rat primary hepatocytes can be used to identify signatures specific for different pathology endpoints and these signatures can be used to predict the in vivo hepatotoxicity of experimental compounds. Human peripheral blood mononuclear cells (PBMC) are
one of the most clinically accessible primary human cells and are therefore ideal to
assess the global transcriptional effects of compounds on human primary cells in
vitro. The objective of this study was to determine whether PBMCs could serve as
a useful system to predict toxicities in human. As part of the assay development, we
have established a PBMC-based in vitro system by evaluating different sources of
PBMCs, different types of culture conditions, donor-to-donor variability, and by
analyzing the performance of various cytotoxicity assays. PBMCs were then treated
with 14 compounds selected across multiple mechanistic classes, and gene expression profiles were analyzed using microarrays. Our data indicate that gene expression changes in response to one compound or compound class are consistent
among donors, suggesting that donor-to-donor variability is not a limiting factor in
this system. In addition, our results show that compound-induced gene expression
responses are specific to different mechanistic classes of compounds. In conclusion,
these results support the potential of a PBMC-based in vitro system to characterize
with transcriptional profiling the toxic profiles of experimental compounds and to
predict with greater accuracy clinical responses.
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HIGH THROUGHPUT SCREENING OF
MITOCHONDRIAL RESPIRATION USING OXYGEN
SENSING FLUORESCENCE PROBES

L. D. Marroquin1, K. Christiansen1, J. Hynes2, D. Papkovsky2, G. Stevens1 and
Y. Will1. 1Safety Sciences, Pfizer, San Diego, CA and 2Luxcel, Cork, Ireland.
Mitochondrial dysfunction is a common mechanism of drug-induced toxicity. Our
goal is to identify new chemical entities that exhibit the capacity to perturb mitochondrial function early within the drug discovery process. One of the most informative ways to assess mitochondrial function or dysfunction is by measuring mitochondrial respiration (oxygen consumption) with different substrates in the
presence or absence of ADP. This provides information related to inhibition of individual complexes within the mitochondria and whether a compound has the ability to uncouple mitochondrial membrane potential. The traditional way to measure
mitochondrial respiration is by using potentiometric methods. Oxygraphs consist
of a chamber and an oxygen sensitive electrode requiring 0.5- 1 mg protein for
analysis with an analysis time of approximately 20 min/ sample. Even though low
volume chambers have been developed, the cost prohibits the number of instruments within a laboratory. In an attempt to adapt the measurement of mitochondrial respiration to a low-bulk, high throughput assay, we evaluated the use of oxygen
sensitive fluorescent probes provided by Luxcel for use in a 96 well format. We present data on liver, heart and muscle mitochondria showing that respiration in the absence and presence of ADP can be measured with these probes. The system is sensitive to traditional mitochondrial inhibitors and data derived from drugs known to
alter mitochondria respiration correlate with published values. Using the 96 well
format, 200 compounds can easily be screened at a single dose or alternatively 25
compounds could be characterized for IC50 generation. The assay can easily be
adapted to a 384 well format, which would increase the throughput even further.
The presented data demonstrate that this method is suitable for early screening of
new chemical entities to avoid late stage attrition in development due to mitochondrial dysfunction.
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MITOCHONDRIAL DYSFUNCTION CAN EASILY BE
DETECTED IN GALACTOSE GROWN CELLS USING
OXYGEN SENSING FLUORESCENCE PROBES

L. D. Marroquin1, J. Hynes2, D. Papkovsky2, G. Stevens1 and Y. Will1. 1Safety
Sciences, Pfizer, San Diego, CA and 2Luxcel, Cork, Ireland.
Mitochondrial dysfunction is a common mechanism of drug-induced toxicity.
Mitochondrial toxicity has been examined in cell culture models by measuring mitochondrial membrane potential, mitochondrial mass, and formation of reactive
oxygen species. Interestingly, effects in these systems are often only seen at high
drug concentrations or after prolonged incubation times. This could lead to false
conclusions regarding a compound’s ability to directly induce mitochondrial toxicity.. The measurement of mitochondrial oxygen consumption has been shown to be
a sensitive and informative assay. Oxygen consumption can detect both, uncouplers
and inhibitors of respiration. Although this can be done in isolated mitochondria,
most cell lines are rather glycolytic which makes respiration analysis difficult, if not
impossible. In effort to overcome this limitation, cells can be grown in a galactose
based medium rather than glucose. In this study, Hela and HepG2 cells were grown
in galactose based medium to increase their respiration rate. We first measured respiration using an oxygraph requiring a minimum of 5X106 cells/ml. Using Luxcel’s
oxygen sensing fluorescent probes, we have adapted this to a 96-well format now requiring less than 2X105 cells/well. Cells grown in galactose exhibit >2-4 fold higher
respiration when compared to cells grown in glucose. Using classical mitochondrial
toxins such as rotenone, antimycin, KCN, oligomycin and FCCP, we demonstrated
the utility of this in vitro approach to measure cellular respiration. Drugs reported
in the literature to cause changes in oxygen consumption in isolated mitochondria
also showed immediate responses in these cells. Although additional validation
studies are required, these data demonstrate that measuring respiration in galactose
grown cells using Luxcel’s oxygen sensing fluorescence probes may prove to be useful as an early safety screen for new chemical entities.

1910

PROTECTIVE EFFECT OF A SMALL PEPTIDE AGAINST
SULFUR MUSTARD-INDUCED LESIONS

U. Wormser, Y. Schussheim, A. Rosengarten, I. Shapira and B. Brodsky.
Pharmacology, The Hebrew University, Jerusalem, Israel.
Sulfur mustard (SM), also termed mustard gas, is a potent vesicant used as a chemical weapon. Exposure to SM results in marked inflammatory response and severe
tissue damage. The present study shows the protective effect of a novel peptide (HLys-Gly-Asn-Tyr-Ala-Glu-Arg-Ileu-Ala-OH) against SM-induced skin lesions in
the guinea pig model. Four consecutive injections of the peptide starting one week
prior to exposure resulted in significant reduction of 76% in skin ulceration area as
compared to control animals. A single prophylactic treatment with the peptide 7

days prior to SM exposure reduced skin ulceration area by 64%. Chemical alterations such as substitution of Ileu8 by Val and Ala9 by Gly reduced the protective
activity. The counter-irritating effect of the peptide might stem from its anti-inflammatory properties. The present study may introduce a new approach for protecting exposed tissues against irritating agents and noxious stimuli.
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THE DETECTION OF FREE RADICAL FORMATION
FROM THE INTERACTION OF SULFUR MUSTARD
WITH NADPH - CYTOCHROME P450 REDUCTASE
A. A. Brimfield1, M. J. Novak2, A. M. Mancebo1, B. S. Gallagher1 and C.
M. Arroyo1. 1pharmacology branch, US Army Medical Research Institute of
Chemical Defense, APG/EA, MD and 2Chemistry, Florida Institute of Technology,
Melbourn, FL.
As part of a continuing effort to elucidate the mechanism of damage to skin and ocular epithelium from sulfur mustard exposure, we are investigating the hypothesis
that the reduction of sulfur mustard-related sulfonium ions by electrons from
NADPH-cytochrome P450 reductase results in free radical production. Other
“onium” species such as the pryridonium ions of paraquat and diphenyl iodonium
accept an electron from NADPH-cytochrome P450 reductase to form a free radical. We hypothesized that sulfonium ions of sulfur mustard would behave in a similar manner. We set out to document radical production using electron spin resonance (EPR) spectrometry. Our in vitro system consisted of NADPH (2.4 mM),
cytochrome c from bovine heart (0.21 mM), recombinant human NADPH-cytochrome P450 reductase (0.016 µM), sulfur mustard ( 4.0 mM) and the spin trap
4-POBN (α-[4-pyridyl-1-oxide]-N-tert-butylnitrone) (1.03 M) in 0.1 M KPO4
buffer, pH 7.5 containing 250 mM NaCl. The reaction was started by adding the
enzyme solution to a tube containing the other materials at room temperature, mixing and transferring the mixture to a 0.25 mL flat cell. Repeated scans of the sample on a Bruker ESP 300E EPR spectrometer produced a triplet of doublets having
fine splitting constants of N=15.44 G and H= 2.85 G. Instrument settings were:
modulation amplitude, 1.000 G; time constant, 327.68 ms; and sweep width,
100.00 G. This outcome was indicative of alkyl radical production and supported
the hypothesis that free radicals are produced when mustard-related sulfonium ions
are reduced by NADPH-cytochrome P450 reductase.
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INTERACTION OF SULFUR MUSTARD WITH NADPHCYTOCHROME P450 REDUCTASE AND
CYTOCHROME P450 ISOFORMS
A. M. Mancebo and A. A. Brimfield. Pharmacology Branch, US Army Medical
Research Institute of Chemical Defense, APG/EA, MD.
Previous research has indicated that sulfur mustard interacts with the microsomal
oxidative drug metabolizing system at some level. p-Nitroanisole-O-demethylase
activity was tested spectrophotometrically, at OD 405, using liver microsomes from
phenobarbital-induced mice. In the presence of sulfur mustard there was significant
loss of demethylase activity, indicating interaction between sulfur mustard and the
cytochrome P450 electron transport complex (CYPOR). This led us to conduct an
experiment using cytochrome c as an electron acceptor. Sulfur mustard interacted
with CYPOR in a manner that reduced the rate of cytochrome c reduction and
eliminated the possibility that sulfur mustard was interacting with cytochrome
P450 (CYP). Here we report the same sulfur mustard-CYPOR interaction but
with various CYP isoforms. We used CYP isoforms 1A1, 1A2, 1B1, 2C8, 2C9,
3A4, and 3A7. The assays were conducted in a 96 well format, via luminescence,
using a Berthold Detection Systems Orion II Microplate Luminometer. We used
P450-Glo Assay kits from Promega, which employ a two-step enzymatic reaction.
The first step uses CYP to convert isoform-specific substrates to luciferin. The second step uses firefly luciferase with luciferin to produce light. The amount of light
produced is quantitatively expressed as relative light units (RLU’s). We ran triplicates of control and sample. We observed a decrease in RLU’s from all CYP isoforms relative to the uninhibited controls. The data was normalized to 100% total
activity for each control. The following inhibitions in the presence of 1mM sulfur
mustard were observed: 69% CYP1A1, 91% CYP1A2, 75% CYP1B1, 27%
CYP2C8, 82% CYP2C9, 64% CYP3A4, and 77% CYP3A7. The effect of sulfur
mustard on multiple CYP isoforms may be indicative of its interaction with the
flavoenzyme reductase rather than with CYP itself. At this point there is potential
for the identification of therapeutic advancements which will counter sulfur mustard toxicity.

1913

REDUCTION OF MECHLORETHAMINE
CYTOTOXICITY BY EBSELEN IN NORMAL AND
TUMOR-DERIVED CELL LINES
D. Hardej and B. Billack. Department of Pharmaceutical Sciences, St. John’s
University, Queens, NY.
Mechlorethamine (HN2) is a nitrogen mustard and vesicant noted for its effects on
skin, eyes and respiratory tract. As a bifunctional alkalating agent, HN2 has also
been used clinically in the treatment of Hodgkin’s disease and Burkitt’s lymphoma.

Leukocytes are particularly sensitive to HN2 toxicity. Cytotoxic effects of HN2 are
attributed to free radical generation, resulting in lipid peroxidation and DNA alkylation. No effective antidotes presently exist for HN2 poisoning. The present study
utilizes an in vitro system to determine if ebselen, a selenium-containing antioxidant, can block or reduce the cytotoxic effects of HN2 in both normal and tumorderived cell lines. Assessment of ebselen co-treatment on cellular viability and morphology in the presence or absence of increasing HN2 concentrations in CEM-SS
human T cells and rat hippocampal astrocytes was performed. HN2-induced cell
death was concentration and time dependent. T cells and rat astrocytes were treated
with 0-50 microMolar concentrations of HN2 with and without 30 micromolar
ebselen co-treatment for 24 hrs. Viability was measured by the 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl tetrazolium (MTT) reduction based assay. In both rat astrocytes and T cells, ebselen co-treatment significantly reduced the cytotoxic effects
of HN2. Ebselen co-treatment significantly reduced HN2 cytotoxicity in T cells at
concentrations ≥ 8microMolar HN2 and in astrocytes at concentrations of ≥
20microMolar HN2. Cell viability and ebselen protection were confirmed using
light and scanning electron microscopy (SEM). SEM demonstrated that astrocytes
treated with sub-lethal concentrations of HN2 exhibited membrane blebbing.
Membrane damage was also observed in HN2- treated human T-cells. In both
cases, membrane damage was abrogated by 30 microMolar ebselen co-treatment.
Taken together, our results demonstrate that ebselen can block the toxic effects of
HN2 in vitro and comprise a significant first-step in antidote development against
HN2 toxicity.

1914

ENDOTHELIAL CELL ALTERATIONS FOLLOWING IN
VITRO EXPOSURE TO SULFUR MUSTARD OR
PLATELET ACTIVATING FACTOR

O. E. Clark, E. W. Nealley, K. Leiter, A. L. Miller, J. D. Nicholson and W. J.
Smith. Research Division, USAMRICD, Aberdeen Proving Ground, MD.
Our laboratory studies the mechanism of toxicity of the chemical blister agent sulfur mustard (2,2’-dichlorodiethyl sulfide, SM) for the purpose of developing medical countermeasures to this chemical threat agent. SM is a cytotoxic alkylating
agent with mutagenic and vesicant properties. A major feature of SM tissue injury
is inflammation. Platelet activating factor (PAF), one of the inflammatory mediators potentially involved in the cell death cascades induced by SM, was studied for
its effect on human endothelial cells (HEC) in culture. It has been reported that
DNA-damaging agents up-regulate levels of Fas (CD95) receptor or its ligand in
normal human epidermal keratinocytes (NHEK). Fas associated death domain
(FADD) plays a pivotal role in SM-induced apoptosis and is a target for therapeutic intervention to reduce SM injury. We have evaluated the effect of SM and the
stable PAF analog methylcarbamyl PAF C-16 (CPAF) on the expression of CD95
receptors in HEC. Exposure of HEC to 10uM and 50uM SM produced accumulations in the G2 phase of the cell cycle. A 100uM exposure of CPAF was required to
cause G2 accumulations in the HEC. Exposure to 10uM - 100uM SM increased
CD95 expression in a dose-dependant manner. CPAF did not increase the amount
of CD95 positive cells. SM is capable of causing G2 cell cycle block and increasing
CD95 expression in HEC. The PAF analog caused G2 cell cycle blockage and cellular toxicity similar to that seen with SM, but did not alter CD95 expression.

1915

UPREGULATION OF THE GAMMA-2 CHAIN OF
LAMININ-332 (LAMININ-5) IN SULFUR MUSTARD
TREATED MOUSE SKIN

D. R. Gerecke, R. A. Hahn, M. K. Gordon and Y. Chang. Joint Graduate
Program in Toxicology, Ernest Mario School of Pharmacy, Rutgers University,
Piscataway, NJ.
Laminins are extracellular matrix components found in the basement membranes
of tissues. The 15 defined laminins are formed from combinations of α, β, and γ
polypeptide chains that are separate gene products. Laminin-332 (formerly
Laminin-5) is found mainly under epithelial cells and has been reported to function
in morphogenetic events in normal development, affect cell motility during wound
healing, and enhance the invasiveness of some cancers. Mutations in any of the
three genes (α3, β3, or γ2) which form laminin-332 results in skin blistering similar to that caused by exposure to the chemical warfare agent, bis(2-chloroethyl) sulfide (sulfur mustard, SM). After exposing mouse ear skin to SM, we performed a
time-course study to examine the chains of laminin-332 as potential biomarkers of
injury. Ear skin punch biopsies 24, 72, and 168 hours after SM exposure were analyzed for skin damage by histology, immunohistochemistry, real-time PCR, and
Western blot analysis. After SM treatment, skin damage, as measured by inflammation and disruption of the dermal-epidermal junction, increased over time. SM exposure increased mRNA levels for laminin-γ2 by 2-fold, 6-fold, and 3-fold for 24,
72, and 168 hours, respectively. There were no observable mRNA changes for
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laminin-α3 or laminin-β3 mRNA levels upon SM exposure. This preferential upregulation of laminin-γ2 is similar to that reported for carcinoma cells where it is reported to be expressed as a monomer. Examination of tissue sections by immunohistochemistry with chain-specific antibodies showed overlap of the three chains
around the epithelial cells of the epidermis and those lining the sebaceous glands.
The three chains were also prevalent around the striated muscle of the outer ear. We
speculate that the expression of laminin-γ2 monomers expressed in the SM-treated
ears are to enhance migration of the epithelial cells to repair the wounded area.
*This work is supported by the U.S. Army Medical Research and Materiel
Command under Contract No. DAMD17-02-C-0091

1916

PULMONARY BIOCHEMICAL ALTERATIONS INDUCED
BY SYSTEMIC ADMINISTRATION OF NITROGEN
MUSTARD

N. Elsayed1, 2 and S. Omaye3. 1Scientific Affairs, Hurley Consulting Associates,
Chatham, NJ, 2Anatomy and Cell Biology, SUNY Downstate Medical Center,
Brooklyn, NY and 3Nutrition, University of Nevada, Reno, NV.
Nitrogen mustards (HNs) are nitrogen analogs of sulfur mustard that can function
as antineoplastic drugs or as vesicant chemical warfare agents (CWA) primarily affecting ocular tissue. In an earlier preliminary study, we reported that exposure to
bis(2-chloroethyl) methylamine (HN-2) produces significant liver alterations. In
this study, we examined the lung response to systemic administration of HN-2. We
injected Swiss-Webster mice, ip, with 1.75 mg HN-2/kg body weight or saline.
After 24h, the mice were euthanized and the lungs examined for biochemical markers of oxidative stress, detoxification, and cell replication. We observed no mortality
at this dose level and duration. Lung weight was markedly increased 1 day after injection. Glutathione-S transferases activity, total glutathione (GSH+GSSG) were
lower (45% and 30%, P <0.05). Superoxide dismutase (SOD) was unchanged, glucose-6-phosphate dehydrogenase (G6PD), glutathione peroxidase (GP) and lipid
peroxidation were elevated (30-90%, P<0.05), but glutathione reductase (GR) was
lower (29%, P<0.05). Ornithine decarboxylase and adenosine methionine decarboxylase, the key enzymes of polyamine metabolism, and DNA content did not
change. These observations suggest that an ip injection of HN-2 elicited a lung response associated with downregulation of cellular detoxification and with DNA
contents reflecting cell replication thought to participate in the lung repair process.
It is possible that as chlorine is cleaved, reactive aziridinium is formed favoring free
radical formation by binding GSH impairing detoxification and causing oxidative
stress. Increased GP and G6PD, but not SOD and GR activities support this concept. Moreover, because of HNs dual functionality as clinical drugs and CWA, their
use should be rigorously monitored to prevent terrorists from potentially acquiring
them for deployment in a crowded civilian setting generating psychological fear and
disruption rather than mass casualties.

1917

CYTOSKELETAL TARGETS AND PATHWAYS DAMAGED
BY SULFUR MUSTARD

R. J. Werrlein, C. R. Braue, C. S. Phillips and J. F. Dillman. Cell and Molecular
Biology Branch, USAMRICD, Aberdeen Proving Ground, MD.
Topical exposure to sulfur mustard (SM, bis-2-chloroethyl sulfide) produces large
persistent blisters at the epidermal-dermal junction of human skin, after a dose-dependent latent phase of 8-24 h. To determine the pathogenic origin and etiology of
these blisters, we have used non-invasive multiphoton microscopy, high-resolution
immunofluorescent imaging, and gene-array analysis. By probing for preclinical lesions in human epidermal keratinocytes (HEK) and in intact epidermal tissues, we
have shown that exposure to SM (400 µM x 5 min) induces an early (≤ 1 h), progressive disruption of the cytoskeleton, surface integrins and anchoring structures
known to effect basal-cell attachment, motility and signaling. Using replicate cultures and image-based search strategies to augment gene analysis, we now report
that SM induces early abnormal changes in F-actin organization and in mRNA expression that are coincident in space and time. The coincident changes in expression involve 5 of 13 myosin-I isoforms, 1 of 3 myosin-II isoforms, Cdc 42, β4 integrin, and other proteins found concentrated in areas of dynamic HEK attachment
(lamellipodia, filopodia) and rapid actin reorganization. These changes occur
within 15 minutes of exposure. They are upstream events (biomarkers) in the cascade of structural and functional damage that precedes vesication. With multiphoton imaging and gene-array analysis, we have determined the onset and progression
of F-actin lesions and of gene expression changes during 4 h of postexposure studies. The results provide a spatio-temporal portrait of signaling pathways disrupted
by SM, a view to understanding the cytoskeletal health of exposed cells, and a potential model for developing effective intervention and treatment strategies.
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FEASIBILITY OF USING THE CYANIDE METABOLITE 2AMINOTHIZOLINE-4-CARBOXYLIC ACID AS A
RETROSPECTIVE MARKER OF CYANIDE EXPOSURE

W. Maserek-Ruud1, G. A. Rockwood2, S. I. Baskin2, G. E. Platoff2 and B. A.
Logue1. 1Chemistry and Biochemistry, South Dakota State University, Brookings, SD
and 2US Army Medical Research Institute of Chemical Defense, Aberdeen Proving
Ground, MD.
The cyanide metabolite 2-aminothiazoline-4-carboxylic acid (ATCA) is a promising marker for cyanide exposure because of its stability and ability to overcome
many of the limitations of direct determination of cyanide and other more abundant cyanide metabolites. ATCA can be readily analyzed and appears in significantly higher amounts in the urine of human smokers relative to non-smokers.
Therefore, concentrations of ATCA were analyzed in the plasma of human smoking and non-smoking volunteers and in whole blood samples of cyanide exposed
and non-exposed control rats using gas-chromatography mass-spectrometry to establish the feasibility of using ATCA as a marker for cyanide exposure. The levels of
ATCA in smoker plasma (17.2 ± 5.2 ng/ml, N = 27) were found to be significantly
higher than in non-smoker plasma (11.8 ± 4.7 ng/ml, N = 27). The analysis of
cyanide-exposed rat whole blood also indicates that ATCA can be used as a marker
for cyanide exposure with ATCA concentrations ranging from 96.7 to 203 ng/ml
for sodium cyanide exposed rats (3.97-6.30 mg/kg IP; N = 6) as compared with
59.3 ng/ml for non-exposed control rat whole blood (pooled). This study provides
evidence that ATCA concentrations in blood or plasma can be used to determine
past cyanide exposure and indicates that further studies should be pursued to validate the use of ATCA as a retrospective marker of cyanide exposure.

1919

EFFECTS OF HEAVY METALS ON CYANIDES

S. E. Czerwinski1, 3 and S. I. Baskin2. 1Directorate of Laboratory Sciences, US Army
Center for Health Promotion and Preventive Medicine, Aberdeen Proving Ground,
MD, 2Pharmacology Division, US Army Medical Research Institute of Chemical
Defense, Aberdeen Proving Ground, MD and 3Department of Pharmacology,
University of Maryland, Baltimore, Baltimore, MD.
It is known that different cations will bind cyanides (CN-) and the rates of release of
CN- will differ depending on which cation is examined. The heavy metals studied
were Antimony (Sb), Cesium (Cs), Thallium (Ti), and the actinide Uranium (U).
All aqueous CN- samples were made by diluting solid NaCN to a concentration of
1.0 mg/ml. To study the competitive binding, SCN- (final aqueous concentration
1.0 mg/ml) was also added to the aqueous CN- prior to addition of any metals. The
final concentration of all metals was 1.0 mg/ml. The concentrations of CN- or
SCN- were measured as total CN- (via method Standard Methods # 4500-CN- C)
or as free CN- (via method Standard Methods # 4500-CN- I) as follows: Total CN: The samples were heated to boiling under reflux for 1 hr with sulfamic acid
(NH2SO3H), H2SO4 and MgCl2. Refluxing under these conditions liberates
bound CN- for analysis. Aliquots of the cooled absorption solution were mixed
with 0.04 M NaOH and titrated with p-dimethylaminobenzalrhodanine to determine CN- concentration. Free CN-: The samples were heated to boiling under reflux for 1 hr with acetate buffer (NaC2H3O23H2O) and zinc acetate
(Zn(C2H3O2)22H2O) together with methyl red indicator. Refluxing under these
conditions preserves the free CN- for analysis. Aliquots of the cooled absorption solution were mixed with 0.04 M NaOH and titrated with p-dimethylaminobenzalrhodanine to determine CN- concentration. It appears that the metals interact and
bind CN- to a greater concentration as function of atomic weight. Competitive
binding of CN- versus SCN- indicates a higher affinity of metals for SCN- than
CN-. Future studies will include other metals that can complex to CN- as well as
studies of binding kinetics and CN-Metal complex half-life and efficiency.

1920

ACUTE RDX EXPOSURE AND GENE EXPRESSION IN
THE RAT BRAIN

D. I. Bannon1, J. F. Dillman2, E. J. Perkins3, W. Bao4, R. D. Wolfinger4, T.
Chu4 and C. S. Phillips2. 1Directorate of Toxicology Army Center for Health
Promotion and Preventive Medicine, Aberdeen Proving Ground, MD, 2Applied
Pharmocology and Neurotoxicology Branches Army Medical Research Institute of
Chemical Defense, Aberdeen Proving Ground, MD, 3Molecular Ecology Team,
Environmental Laboratory Army Engineering Research and Development Center,
Vicksburg, MS and 4SAS Institute Inc., Cary, NC.
Hexahydro-1,3,5-trinitro-1,3,5-triazine is a synthetic, high-impact, relatively stable
compound commonly known as Rapid Detonation Explosive (RDX) and has been
used in munitions and formulations since World War II. The primary symptom of
acute oral exposure to high doses in humans is transient and reversible seizure, accompanied by nausea, muscle spasms, and disorientation, which are also reported
in experimental animals. The occurrence of these preventable effects in humans is
often reported in occupational settings that lack standard industrial hygiene prac-

tices, resulting in high airborne exposures. Though several studies have correlated
measurements of RDX in the brains and plasma of dosed animals with frank
seizures, little work has been carried out on the effects of RDX at the molecular
level. In this study, we examined the impact of a single orally administered RDX
dose on the brain, using a combination of analytical chemistry and genechip microarrays. At nominal doses of 3 and 18 mg/kg in male adult rats, a time course of
RDX tissue levels showed peak brain concentrations at 3.5 hours, returning to baseline at 24 and 48 hours, respectively. RNA from dosed and control animals was hybridized to Affymetrix Rat 230 2.0 arrays. Analysis was performed in JMP
Genomics with the differentially expressed gene cut-off at p>0.001. We found sets
of genes that were early and late responders to RDX treatment. In addition, pathway analysis indicated effects on the nervious system, cell-to-cell signalling, and cell
development, among others. These results represent a preliminary basis for understanding the molecular mechanisms underlying RDX toxicity, and further work is
underway.

1921

FLOW CYTOMETRIC ANALYSIS OF PROTECTIVE
ANTIGEN-STIMULATED T CELL CYTOKINE
PRODUCTION AND PROLIFERATION IN RHESUS
MACAQUES CHALLENGED WITH AEROSOLIZED
BACILLUS ANTHRACIS SPORES

S. Casbohm, E. B. Delpit, J. P. Long, P. H. Olson, R. E. Barnewall, R. E.
Hunt, R. D. LeClaire, J. E. Estep, P. J. Sabourin and C. L. Sabourin. Battelle
Memorial Institute, Columbus, OH.
Protective Antigen (PA)-stimulated T cell responses from rhesus macaque peripheral blood mononuclear cells (PBMC) were characterized by intracellular cytokine
staining (ICS) and cell proliferation. Naïve juvenile rhesus macaques were challenged with ~200 LD50 aerosolized B. anthracis Ames spores and treated with or
without Ciprofloxacin (16 mg/kg, BID) for 0, 4, or 7 days. The survival rate of antibiotic-treated animals was 5/19, 9/10, and 17/18 for the 0, 4, or 7 day treatment
groups, respectively. Animals that survived without antibiotic treatment showed severe clinical signs of anthrax infection, while those on Ciprofloxacin therapy
showed no signs of disease. CD4+ and CD8+ T cells from PA-stimulated PBMC
isolated 15 weeks post-challenge were assayed in all groups by flow cytometry using
BrdU incorporation and ICS. ICS data revealed that these CD4+ and CD8+ PAstimulated T cell populations produce IFN-γ and TNF in response to antigen stimulation; however, they were not a substantial source of IL-4. These results demonstrate that rhesus macaques exposed to aerosolized B. anthracis spores generate and
maintain CD4+ and CD8+ PA-specific T cells capable of producing both IFN-γ
and TNF in response to anthrax infection.

1922

AFFECT OF TEMPERATURE AND RELATIVE
HUMIDITY ON THE TEMPORAL INACTIVATION OF
RICIN ON INDOOR SURFACE MATERIALS

E. Marsh1, J. Rogers1, H. Stone1, B. Martin2 and S. Ryan2. 1Battelle Memorial
Institute, Columbus, OH and 2US Environmental Protection Agency, Research
Triangle Park, NC.
Ricin is a protein toxin produced by castor beans that has been recognized as a potential biological warfare agent. Following the intentional release in a building, the
amount of ricin remaining on the indoor surfaces could present a health risk to personnel involved in re-entry. This work evaluated the inactivation of ricin on a
porous and a nonporous indoor surface by changing the temperature and relative
humidity (RH) conditions. The adjustment of these conditions is to simulate the
ability to alter the heating, ventilation, and air conditioning system within a building as a means to effectively attenuate ricin bioactivity. The decrease in ricin bioactivity was evaluated over time at ambient conditions (18-22°C and 52-66% RH),
or at 30°C with high (> 70%) or low (< 40%) RH. Twenty-five micrograms of ricin
were inoculated onto galvanized metal ductwork or painted concrete coupons. For
each experimental condition, residual ricin bioactivity extracted from coupons was
determined at 5 time periods from 1 hour to 14 days as a function of ricin-induced
cellular cytotoxicity in Vero cells using the MTT assay. Cytotoxicity was expressed
in terms of toxin mass by comparison to a ricin standard curve. Ricin bioactivity recovered from surfaces decreased over time, which varied depending on the surface
type and environmental condition. Recovery of ricin from metal surfaces under all
environmental conditions decreased 7- to 9-fold from 1 hour to 14 days, while the
recovery of ricin from concrete decreased 4-fold at high RH and only 1.1- to 1.3fold under ambient and low RH conditions. Bioactivity of ricin extracts from
coupons under high RH conditions was ~3-fold less than extracts from ambient
and low RH coupons for both surfaces. The results suggest that ricin bioactivity decreases as a function of time under ambient and elevated temperature conditions.
This study was supported by the U.S. Environmental Protection Agency National
Homeland Security Research Center under Contract BPA GS23F0011L-3.

1923

SUPERFICIAL DERMAL CHEMICAL BURN MODEL IN
THE WEANLING PIG

F. Reid1, J. Graham1, N. Niemuth1, M. Matthews1, T. Hoffman1, B. Hart1, D.
Vasconcelos1 and R. Casillas1. 1Battelle Memorial Institute, Columbus, OH and
2
Medical Toxicology Branch, Analytical Toxicology Division, US Army Medical
Research Institute of Chemical Defense, Aberdeen Proving Ground, MD.
The US Army Medical Research Institute of Chemical Defense is tasked to develop
animal models to assess therapeutic products and treatment regimens, such as sulfur mustard (SM). An SM-induced, full-skin-thickness lesion model was developed
in weanling pig to evaluate temporary wound dressings. A superficial dermal model
was needed. A SM dose ranging study demonstrated exposure times of 7 and 8 min
would produce uniform superficial dermal lesions. Model validation used 6 female,
Yorkshire-cross pigs weighing 10±2 kg and exposed to 400 µL of undiluted SM at
each of 6 ventral abdominal sites for 7 or 8 min. Lesions were photographed, measured, and subjectively assessed for edema on Day 1 and Day 2 after exposure, after
which the animals were euthanatized and lesions excised for histopathology.
Dermal edema on Day 2 was not diagnosed. Image analysis of digital photographs
showed an increase in lesion size from Day 1 to Day 2 for both 7 (5.8 to 6.6
cm2)and 8 min (6.1 to 7.0 cm2)exposure times. Lesion area was significantly greater
for 8 min than for 7 min exposures (p=0.02) on Day 2. The depth of lesion for both
exposure times was the upper 1/3 of the dermis, with dermal coagulation reported
as 20.8% (SE=1.2) for the 7 min exposure and 21.5% (SE=1.1) for the 8 min exposure. Percent of lesion area affected by basal cell necrosis was not significantly different between the two exposure times (7min=avg of 40.1%, 8min=43.1%). No
significant differences between the 2 exposure times were observed for basal cell
necrosis, dermal burn depth, dermal coagulation, intraepidermal blisters/pustules,
endothelial cell damage, or follicular necrosis. The magnitude of the differences was
not considered biologically significant, but was sufficient to select an 8 min exposure time to produce a superficial dermal SM injury for use in treatment efficacy
studies. Supported by the US Army Medical Research and Materiel Command
under Contract No. DAMD17-89-C-9050.

1924

CHEMICAL WARFARE AGENTS
(ORGANOPHOSPHATES AND VESICANT) AND
BIOLOGICAL DECONTAMINATION AND
DETOXIFICATION USING POLYURETHANE SPONGES

R. Gordon1, K. Baker1, L. Askins1, R. Ratcliffe1, D. Lindsay1, R. Owens1, B.
Doctor1, E. Clarkson2, L. Mitcheltree2, S. Schulz2, M. Shutz2, A. Douglas2, C.
Kelleher2, K. Newkirk2, N. Washington2 and R. Railer2. 1Division of Biochemistry,
Department Biochemical Pharmacology, Walter Reed Army Institute of Research,
Silver Spring, MD and 2US Army Medical Research Institute of Chemical Defense,
Aberdeen Proving Ground, MD. Sponsor: M. Nambiar.
CWAs (chemical warfare agents) are potent toxic compounds, and small droplets of
CWA, which cannot be seen or felt, may contaminate the exposed skin of unprotected soldiers, civilians, or first responders. Vesicants (HD, mustard) must penetrate skin and alkylate biological compounds within minutes, inducing blisters, ulcerations, and potential necrosis hours after exposure. T2 mycotoxin, a biological
toxin that can be aerosolized, can mimic vesicles of vesicants. Thus, the first criterion is immediate availability of personal decontamination materials. Equally important is the safe and rapid neutralization of CWAs and also extraction of any percutaneous agent. The protection afforded by sponges with additives developed for
CWA exposure was correlated with a) removal of CWAs from shaved guinea pig
skin and b) neutralization of the agents. Decontamination and detoxification of
soman (GD) and HD were quantified using specific and sensitive enzymatic assays
and followed over 3 hr. An in vitro skin permeation assay, a liquid penetration cell
test using abdominal porcine skin, was used to test various formulations of sponge
and additives to penetrate skin with CWA reactants or to remove them. For evaluation of T2 toxin decontamination, Yorkshire pig skin was utilized. Compared to the
M291 field kit, sponges provided markedly increased protection for guinea pigs exposed to the neat OPs soman and VX, as well as reducing methylene blue uptake,
edema, and a histopathology scoring index in HD-exposed animals. Thus, these
sponges provide an important improvement of skin decontamination treatment
compared to presently fielded kit(s). In addition, the sponges detoxify CWAs,
thereby preventing cross-contamination of medical personnel.

1925

CHEMICAL WARFARE AGENT TOXICITY ESTIMATES
FOR THE GENERAL POPULATION

D. R. Sommerville1, S. A. Reutter1, R. B. Crosier1, E. E. Shockley1 and J. J.
Bray2. 1US Army Edgewood CB Center, Aberdeen Proving Ground, MD and
2
Optimetrics, Inc., Bel Air, MD.
Current acute chemical warfare agent toxicity estimates for the general public are
limited to estimates of the lower end of the dose-response curve for a particular effect. However, many applications require a description of the whole curve. The
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Edgewood CB Center had previously developed a mathematical model (based
upon the lognormal distribution of effective dosages) to address this need (Abstract
751, The Toxicologist, 66 (1-S): 154, 2002). Two methods were used to calculate estimates for the general population from previously defined military curves. The
maximum-ratio method produces the largest differences between the median effective dosages of military personnel and those for the general population. These conservative estimates are useful for setting more protective levels. The centroid
method produces estimates without intentional conservatism; these estimates may
be suitable for casualty estimation and resource-planning purposes. Median effective dosages and probit slopes for mild, severe and lethal effects, from inhalation or
percutaneous vapor exposure to GA (tabun), GB (sarin), GD (soman), GF (cyclosarin), VX, H (sulfur mustard), and AC (hydrogen cyanide) are given. The toxic
load model can be used to extend the two-minute exposure estimates to estimates
for exposures of 10 through 360 minutes (or in the case of AC inhalation, for 2 to
30 minutes). Median effective dosages and probit slopes are given for severe and
lethal effects from percutaneous exposure to liquid agent. Work was funded by the
US Department of Homeland Security, Science and Technology Directorate.

1926

EVALUATING THE VISUAL SAMPLING PLAN
STATISTICAL TESTS FOR DETECTING THE PRESENCE
OF BIOTHREAT AGENTS: CONSIDERING THE
EFFECTS OF POSITIVELY-SKEWED DISTRIBUTIONS
AND SPATIAL AUTOCORRELATION ON NOMINAL
TYPE I AND II ERROR RATES

W. Thayer1, T. Negley1, P. Coleman1, P. McGinnis1, D. A. Gray1, T. Nichols2
and C. Sonich-Mullin2. 1Environmental Science Center, Syracuse Research Corp,
Syracuse, NY and 2National Homeland Security Research Center, Environmental
Protection Agency, Cincinnati, OH.
The spatial distribution of a microbial agent within an indoor environment is likely
to be positively skewed and exhibit spatial autocorrelation due to air distribution
and particle deposition patterns within the contaminated area. Estimating parameters of a skewed distribution is subject to high uncertainty, e.g., associated with
wide confidence intervals. Nonparametric statistical tests are often used when the
normal distribution provides a poor fit to the data. However, most nonparametric
tests assume the data are independently distributed (e.g., not spatially autocorrelated) and some assume the distribution is symmetric. The Visual Sampling Plan
(VSP) tool includes several parametric and nonparametric tests for determining
whether a building contains any contamination, or whether a building is contaminated above an allowable level (before or after decontamination). We report the results of a simulation experiment that evaluated some of the statistical tests that are
included in VSP by repeated sampling from populations with varying degrees of
positive skewness and positive spatial autocorrelation. We compare the theoretical
Type I and II error rates for the statistical tests with the observed error rates from
our experiment and discuss the implications of our findings for assessing risks from
biothreat agents.

1927

EMERGENCY RESPONSE: THE ACTIVE AND CRUCIAL
ROLE OF TOXICOLOGISTS

S. B. DuTeaux and C. A. Caraway. Office of Environmental Health Hazard
Assessment, Cal EPA, Sacramento, CA.
The recent events of Hurricanes Katrina and Rita underscore the importance of
providing timely and accurate information on potential health effects from exposure to toxic agents. Beyond natural disasters, accidental or intentional (terrorist-related) releases of toxic chemicals are very real threats in today’s world. A series of
standardized scientific and logistical tools are available to toxicologists whose responsibility it is to respond to chemical emergencies. One such tool is the National
Research Council’s Acute Exposure Guideline Levels (AEGLs). AEGLs have been
developed for approximately 80 extremely hazardous substances and represent
threshold limits for exposures ranging from 10 minutes to 8 hours. Three exposure
levels (AEGL-1, -2, and -3) are distinguished by varying degrees of severity and a
progressive increase in the likelihood of effect. In concert with Select Toxins data
from the Centers for Disease Control and Prevention, AEGLs can be used to identify potential exposure scenarios, and may be applied to decision making for containment, evacuation, re-entry, and sheltering-in-place. Although specific to
California, another tool to assist toxicologists is the California Accidental Release
Prevention (CalARP) Program. CalARP requires facilities handling hazardous substances report those substances to local response agencies, and prepare “what if ”
scenarios to (1) calculate potential environmental releases and (2) delineate affected
areas in worst-case catastrophes. Should a natural or man-made disaster occur in
California, toxicologists could access this resource to effectively respond to the
event. Finally, communication and data sharing are crucial during an emergency.
Use of the National Incident Management System (NIMS) can facilitate this
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process. Developed by the US Department of Homeland Security, NIMS integrates
emergency response across the US into a comprehensive organizational structure to
insure open lines of communication. This system provides toxicologists the means
to share risk assessment and health effects data, ultimately for the protection of life.
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NUCLEAR RECEPTOR COREGULATORS AND
ESTROGEN SENSITIVITY IN REPRODUCTIVE ORGANS
AND BRAIN AFTER DEVELOPMENTAL EXPOSURE TO
AN ENDOCRINE DISRUPTER, 4METHYLBENZYLIDENE CAMPHOR

W. Lichtensteiger, S. Durrer, C. Ehnes, M. Fuetsch, M. Henseler, K. Maerkel
and M. Schlumpf. GREEN Toxicology, University of Zurich, Zurich, Switzerland.
Sponsor: R. Peterson.
Developmental processes are sensitive targets of endocrine disrupters and a major
risk factor. We are studying effects of the UV filter 4-methylbenzylidene camphor
(4-MBC) (0.7, 7, 24, 47 mg/kg/day), a preferential estrogen receptor β ligand
(Schlumpf et al., 2001, 2004), given in chow to male and female Long Evans rats of
the parent generation before mating, during pregnancy and lactation, and to the
offspring until adulthood. In addition to affecting steady state expression of estrogen-regulated genes in uterus, prostate and brain regions of adult offspring at
mRNA (Real time PCR) and protein (Western blot) levels, 4-MBC exposure
changed the magnitude of up- or down-regulation of target genes by estradiol (E2),
assessed in adult gonadectomized offspring 6 hr after s.c. injection of E2 (10 or 50
µg/kg). Reduced up-regulation of progesterone receptor (PR) and IGF-I mRNA by
E2 in uterus of 4-MBC-exposed offspring was paralleled by reduced steady state
levels of steroid recepor coactivator-1 (SRC-1) mRNA and protein (Durrer et al.,
2005). In prostate, down-regulation of androgen receptor and IGF-I mRNA, studied in ventral lobe, was decreased. Nuclear receptor corepressor (NCoR) protein
was significantly reduced in dorsal prostate, which was more sensitive to effects of
4-MBC. SRC-1 was unchanged in prostate. In brain regions, up-regulation of PR
mRNA by E2 was enhanced, and SRC-1 mRNA increased in females. While there
was no full correspondence in sex- and tissue-dependent effects on sensitivity and
coregulators, the data suggest that coregulator expression may one of the components of the transcriptional machinery responsible for effects of 4-MBC on gene
regulation. Moreover, our data illustrate that nuclear receptor coregulators are targets of longterm endocrine disrupter actions. Effects on coregulator expression were
observed at the lowest dose of 4-MBC studied, 0.7 mg/kg.
Supported by EU 5th Framework Programme (EURISKED) and Swiss National
Research Programme 50
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ESTROUS CYCLICITY OF THE FISCHER 344 RAT
FOLLOWING INHALATION EXPOSURE WITH
OCTAMETHYLCYCLOTETRASILOXANE (D4)

A. L. Quinn, J. M. Regan, B. J. Marinik, J. M. Tobin, S. D. Crofoot and K. P.
Plotzke. Health and Environmental Sciences, Dow Corning Corporation, Auburn, MI.
The purpose of this study was to evaluate the effect of octamethylcyclotetrasiloxane
(D4) on reproductive endpoints in female F-344 rats. Animals were exposed to 700
ppm D4 via whole body inhalation for 6 hours/day for approximately 35 days.
Animals were housed directly in the exposure chambers, with food and water being
withheld during the exposure period. Vaginal lavage was used to monitor the effect
of the test article on estrous cyclicity. Necropsies were scheduled such that if possible, the animals were necropsied in estrus and the number of ovulated eggs could be
counted. Additionally, trunk blood was collected and estradiol levels were measured
by RIA. At the time of necropsy, all 20-control animals were in estrus and had a
mean value of 9.4 ova/rat. The treated animals were divided into two groups, those
animals that were necropsied in estrus (n=17) and those that were not (n=3), due to
cycle disruption. The 17 animals necropsied in estrus had a mean number of ova of
10.3 eggs/animal. Comparing the control and treated animals that ovulated, there
was not a significant difference in the number of eggs ovulated. There were no statistically significant differences between the control and D4 treated group for the
following endpoints: initial body weight, ovarian weight, uterine weight, brain
weight, uterine/brain weight, uterine/body weight, ovarian/brain weight, ovarian/body weight, day 1 corpora lutea or atretic antral follicles. With treatment there
was a significant increase in terminal body weight (p<0.05), a lengthening of the 5
day cycle as well as an increase in the levels of estradiol (p<0.01), and an increase in
the number of large follicles (p<0.05). In summary, exposure to D4 resulted in an
increase in the estradiol levels on the morning of estrus, an increase in the number
of large follicles in the ovaries of treated animals and an increase in the days spend
in diestrus. (This work was supported by the Silicones Environmental, Health and
Safety Council of North America)
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ESTROGENIC POTENCY OF MANY POPULAR
SUNCREENS AND LOTION COMPONENTS
DETECTED USING THE LUMI-CELL® ER BIOASSAY
1
J. D. Gordon , A. C. Chu1, M. D. Chu2, C. Matherly1, M. S. Denison3, G.
Grune4 and G. C. Clark1. 1Xenobiotic Detection Systems, Inc., Durham, NC,
2
Analytical Perspectives, Wilmington, NC, 3Department . of Environmental
Toxicology, University. of California, Davis, Davis, CA and 4ePatentmanager.com, VA
Beach, VA.
The use of sunscreens has increased during the past decades due to growing concern
over sunburn and skin cancer. Recently there has been a growing concern regarding
estrogenic potency of these sunscreens and their components. Recent studies on the
SPF enhancing components of sunscreens such as 3-(4-methylbenzylidene) camphor, Octyl-Methoxycinnimate, and Benzophenone-3 have shown them to be
highly estrogenic in uterine wet weight, cell height, and cell proliferation assays. In
other studies participants have shown these compounds to be present in urine and
blood plasma and effecting circulating hormone (estradiol and testosterone) levels
after topical application. The LUMI-CELL® ER estrogenic cell bioassay system was
used for screening evaluation of 10 commercial sunscreen products and 8 lotion
components. LUMI-CELL® ER bioassay consists of BG1 cells transfected with an
estrogen-responsive luciferase reporter gene plasmid. Methanol extracts of all sunscreens tested positive for estrogenic activity with the exception of 3rd Rock
Sunblock. The order of estrogenic potency was: Coppertone Water Babies SPF45 >
Banana Boat Kids SPF30 > Banana Boat Baby Magic SPF50 > Banana Boat SPF15
> Coppertone SPF8 > Coppertone SPF30 (Endless Summer) > Hawaiian Tropic
Baby Faces SPF50+ > Hawaiian Tropic SPF8 > Coppertone SPF15 > 3rd Rock
Sunblock SPF20. The methanol extract of Lexorez 200 was the only lotion components exhibiting significant estrogenic potency. Our results indicate that the vast
majority of the estrogenic potency remains attributed to the components directly
contributing to SPF of the same formulations and/or other lotion components not
yet tested. Supported by NIEHS SBIR grant ES10533-03 and Superfund Basic
Research Grant ES04699.
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IDENTIFICATION OF CIRCADIAN RHYTHM
REGULATORS AS EARLY ESTROGEN-RESPONSIVE
GENES IN THE IMMATURE MOUSE UTERUS
J. G. Moggs, R. Stuckey, H. Tinwell, D. Moore, F. Lim, I. Kimber, J. Ashby,
G. Orphanides and R. Currie. Syngenta CTL, Macclesfield, Cheshire, United
Kingdom.
A challenge in the interpretation of toxicogenomics data is to define how chemically-induced changes in gene expression relate to conventional toxicological. Gene
Ontology (GO) and pathway mapping of toxicant-induced changes to cellular
pathways and processes is a key step in defining these relationships. We recently described the phenotypic anchoring of gene expression changes during estrogen-induced uterine growth. Using GO and pathway mapping, we have extended these
observations to reveal a novel role for circadian rhythm genes during the
uterotrophic response.
Immature mice were given a single dose of 17β-estradiol (E2, 400µg/kg) to induce
uterine growth within 3 days. To identify E2-responsive genes, expression levels at
1, 2, 4, 8, 24, 48 and 72 h were measured using Affymetrix GeneChips. The predominant Biological Processes and Cellular Components associated with early E2responsive genes were identified using GOStat and GenMAPP.
GO mapping revealed an over-representation of genes involved in cell cycle and
growth pathways known to be linked to uterine growth and proliferation.
Additionally we identified circadian rhythm genes, including Per2, Cry2 and
Nr1d1, as novel components of the transcriptional cascade associated with the E2induced uterotrophic response.
Circadian rhythms are important in many aspects of physiology, including feeding,
sleep patterns and reproduction. Our analyses showed that both circadian rhythm
generation and regulated genes were affected by E2 in the immature mouse uterus.
Together with recent reports of circadian rhythm regulators targeting cell cycle
genes, our data suggest that estrogens initiate and control the timing of cell cycle
progression in the uterus via the transcriptional regulation of clock genes. These
data provide novel insights into the mechanism of hormone-induced growth and
proliferation of a reproductive organ and may have important implications for the
chronopharmacology of antiproliferative drugs.
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NATURE OF BINDING INTERACTION OF SELECTED
CHEMICALS WITH RAT ESTROGEN RECEPTORS
J. Eldridge1, S. Yavanhxay1, R. Cooper2 and S. Laws2. 1Physiol-Pharmacology,
Wake Forest University, Winston-Salem, NC and 2Repro Toxicology Division,
NHEERL, USEPA, Res Tri Park, NC.
The US EPA is currently validating a rat uterine estrogen receptor (ER) binding
assay as part of the Tier 1 Screening Battery for the Endocrine Disruptor Program.
An eventual goal is to use interactive data to create computerized structure-activity

models. However, more information is needed regarding true competitive interaction at the ER hormone binding domain (HBD), particularly for chemicals with
very poor affinity for ER and/or poor solubility in the aqueous assay system. For the
present studies, batch cytosols were prepared from 12-15 uteri of ovariectomized
Harlan S-D rats, and stored @ -80° in small aliquots. Thawed aliquots were pooled
for each assay and diluted to a protein conc of ~ 3 mg/ml. Assay buffer was 10 mM
Tris, 1.5 mM EDTA, 1 mM dithiothreitol, 10% glycerol, pH 7.4. Tracer was 3Hestradiol, 170 Ci/mmol. Bound and free were separated by dextran-charcoal.
Chemicals were selected by the EPA and were assayed at concentrations up to 0.1
mMolar. Results fell into 3 groups: Group A, dislacing 0-20% tracer; Group B, displacing 20-60% tracer; Group C, displacing > 60% tracer. For Group C compounds, re-analysis of competitive properties by a series of Lineweaver-Burk (L-B)
plots revealed that nearly all were true competitive inhibitors at the HBD. For
Group B, L-B plots succeeded for some and failed for others. For Group A, reanalysis with L-B plots was impossible because an IC-50 could not be observed at
the solubility limit. In summary, true competitive inhibition of ER binding can be
observed for some compounds, even when the EC-50 is as much as 5 orders of
magnitude higher than that of estradiol. Importantly, L-B plot analyses revealed
that some tracer-displacing compounds were not competitive at the HBD. Still
other compounds could not demonstrate competition due to poor solubility, thus
pointing to a need to modify competitive assay conditions. Supported by US EPA,
3D-5967-NTEX. This abstract does not necessarily reflect EPA policy.
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ESTROGEN-MEDIATED GENE EXPRESSION OF REDOX
SENSITIVE CELL SIGNALING PROTEINS

K. Triff, Q. Felty and D. Roy. Environmental & Occupational Health, Florida
International University, Miami, FL.
GPR30, an orphan receptor unrelated to nuclear estrogen receptors, has been
shown to have all the binding and signaling characteristics of a membrane estrogen
receptor (mER). The focal adhesion kinase PYK2 is activated by a variety of G-protein coupled receptors (GPCR). GPCR agonists have also been shown to activate
and translocate PYK2 to focal adhesions. We previously showed an increase in
phosphorylated PYK2 in E2 treated breast cancer cells. In this study, we determined whether the increased phosphorylation of PYK2 was a result of increased
mRNA expression. Using real time quantitative PCR, estrogen treated MCF-7 cells
showed no change in the level of PYK2 while the level of GPR30 was decreased
when compared to control. Since GPCRs are known to trigger intracellular reactive
oxygen species formation, we also looked at the expression of redox sensitive transcription factors NRF-1 and ID3. ID3 has been shown to control redox sensitive
cell growth while NRF-1 is known to control redox sensitive mitochondrial biogenesis. Real time PCR results showed a significant increase in the level of both
NRF-1 and ID3 in estrogen treated MCF-7 cells whether this expression promotes
the growth of estrogen sensitive cells is not known at this time. The role of GPR30
and PYK2 in estrogen-induced oxidant signaling is not clear, but based on our results the estrogenic effects on these proteins occur at the post-translational level.

1934

IN-VIVO ESTROGENIC AND ANTIESTROGENIC
EFFECTS OF THE PBDE MIXTURE DE-71

M. Mercado Feliciano1 and R. M. Bigsby2. 1Pharmacology and Toxicology, Indiana
University, Indianapolis, IN and 2Obstetrics and Gynecology, Indiana University,
Indianapolis, IN.
Others have suggested that hydroxylated metabolites of polybrominated diphenyl
ether (PBDE) flame-retardants have estrogenic activity. In our in vitro studies microsomal PBDE metabolites weakly activated estrogen-responsive luciferase reporter constructs. Our present goal is to determine if DE-71, a commercial mixture
of mostly tetra- and penta-brominated PBDEs, has estrogenic activity in the
ovariectomized adult (OVX) mice model. OVX BALB/c mice were treated 5 weeks
with either vehicle (corn oil, gavage), 30 mg/kg DE-71 (gavage or subcutaneous),
10 µg/kg estradiol benzoate (EB, subcutaneous), or combinations of DE-71 and
EB treatment. Uteri, vagina, and the right inguinal mammary gland were harvested
the day after the last treatment and analyzed to assess the estrogenic effects. The
liver was also harvested to assess activity of enzymes known to activate/deactivate
estrogens. DE-71 had weak estrogenic activity when given alone to OVX mice, but
acted as an anti-estrogen in animals co-treated with EB. DE-71 treatment alone significantly decreased mammary duct thickness, while it inhibited duct branching in
response to EB treatment. Although DE-71 did not increase uterine wet weight, it
did slightly increase uterine epithelial height (UEH) and vaginal epithelial thickness. EB-induced increases in UEH were attenuated by DE-71. Both DE-71 and
EB increased liver weight and their effects were additive in combined treatments.
DE-71 increased both cytochromes P450 1A1 and 2B activity in the liver. The antiestrogenic effects of DE-71 in vivo may be due to at least two alternative mechanisms (or both) which still need to be tested: (1) their ability to induce cytochrome
P450 enzymes and thus increase estrogen deactivation, or (2) a weak activation of
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the estrogen receptors by PBDEs, making them act as antagonist in the presence of
ligands with a much higher efficacy. More research is needed to assess the role
played by each of these mechanisms in the estrogenic/anti-estrogenic effects of DE71 in the OVX mouse model.

1935

TRANSCRIPTIONAL CONTROL OF LARGEMOUTH
BASS (LMB) ESTROGEN RECEPTORS ALPHA, BETA-A
AND BETA-B BY METHOXYCHLOR (MXC) AND ITS
METABOLITES, MONO- AND BISHYDROXYMETHOXYCHLOR IN HEPG2 CELLS

J. L. Blum1, L. D. Stuchal2, M. O. James2 and N. D. Desnlow3. 1Pharmacology
and Therapeutics, University of Florida, Gainesville, FL, 2Medicinal Chemistry,
University of Florida, Gainesville, FL and 3Physiological Sciences, University of
Florida, Gainesville, FL.
The purpose of this study was to determine the mechanisms by which the pesticide
MXC acts an environmental endocrine disruptor through interaction with the
three estrogen receptors (ERs) in LMB (M. salmoides). MXC is a less environmentally persistent analog of DDT that has been shown to be a weak estrogen. Its hydroxylated metabolites, mono-OH-MXC (OHMXC) and bis-OH-MXC (HPTE),
formed through action of cytochrome P450 family members are even more estrogenic. Using transient transfection assays in HepG2 cells, we have previously shown
that each receptor is responsive to the endogenous ligand 17β-estradiol (E2) in a
dose-dependent manner. The parent compound MXC, showed dose-dependent
stimulation of transcriptional activation through ERs α and βb (each become distinguishable at 1µM), with ERβa showing no difference compared to vehicle. All
three ERs were responsive to OHMXC treatment, with ERα becoming different
from control at 0.5µM, ERβb at 0.1µM, and ERβa at 1µM. HPTE also stimulated
ER transcriptional activity, showing a difference with ERα and ERβb by 0.1µM,
while a concentration of 10µM was required for ERβa. We also show that these
cells are competent to biotransform MXC into its estrogenic metabolites, but to
concentrations lower than we found able to activate the ERs. It is now clear in the
literature that the ERβ subtypes (recent gene duplications in teleosts) do belong to
the same receptor type. However, the differences in response of the ERβs to MXC
and its metabolites indicate that the ERβs may have some unique functions from
one another, both in their in vivo molecular response to E2 as well as to endocrine
disrupting compounds found in the wild. Supported in part by ES07375.
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DEVELOPMENT OF AN ENDOCRINE DISRUPTOR
BIOASSAY USING INDUCTION OF VITELLOGENIN IN
CALIFORNIA HALIBUT (PARALYCHTHYS
CALIFORNICUS)

A. Palumbo1, M. Koivunen2 and R. S. Tjeerdema1. 1Environmental Toxicology,
University of California, Davis, Davis, CA and 2Entomology, University of California,
Davis, Davis, CA.
Environmental contaminants that can mimic or alter the effects of the hormone estrogen are thought to play a part in the decline of aquatic wildlife populations. To
test contaminants that occur along the California coast for such effects, a bioassay
has been developed using the benthic flatfish, California halibut (Paralichthys
Californicus). It consists of quantification of an estrogen responsive egg yolk protein, vitellogenin (Vg) in the halibut plasma. An enzyme-linked immunosorbent
assay (ELISA) was optimized for quantification of Vg using a commercially available Vg antibody derived from a closely related species, turbot (Scophthalmus maxumis). A test of the specificity of the assay showed that Vg antibodies exhibit sufficient cross-reactivity to be employed in an assays for halibut Vg. The preliminary
detection limit is 4 µg/mL plasma. The dose-response relationship and time course
of Vg synthesis was characterized by injection of 0, 10, 100, 1000 µg/kg 17β-estradiol (E2) and then sampling plasma at 4, 7, and 14 days for quantification of Vg
using the ELISA. Plasma Vg concentrations were directly related to the E2 dose.
Over time, the Vg levels in plasma were fairly steady, with a slight peak at 7 days.
The 4-day time point displayed the least variability and was therefore selected as
the duration of future experiments with environmental contaminants, cadmium
and p-nonylphenol.

1937

HERSHBERGER ASSAY: CODED AGONIST AND
ANTAGONIST STUDIES

E. L. Moore, L. A. Waterson and S. Ruckman. Huntingdon Life Sciences LTD.,
Huntingdon, United Kingdom.
The objective of this work, performed as part of the Phase 3 OECD Hershberger
validation programme, was to show reproducibility and reliability of this model in
response to androgen agonists or antagonists of varying potency. In the agonist
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study there were 4 coded treatment groups, whilst for the antagonist study there
were 7 coded groups. Decoding was provided after report finalisation. Groups of 6
sexually immature male castrated rats received the substances orally for 10 days. In
the antagonist study animals were also co-administered testosterone propionate
(TP) subcutaneously. Each study had control groups receiving the vehicle or TP
alone. The animals were killed 24 hours after the 10th dose and the following tissues were weighed: ventral prostate (VP), seminal vesicles with coagulating gland
(SV), glans penis (GP), levator ani with bulbocavernous muscles (LABC) and
Cowpers (bulbourethral) glands (CG).
In the agonist study, a response (statistically significant higher tissue weight compared with vehicle control) was seen in groups receiving TP or 40 mg/kg/day
Trenbolone, but not in those receiving a lower dose of Trenbolone or Dinitrophenol
(DN) or Nonylphenol (NN). For TP treated animals all tissue weights were affected, whilst for the high Trenbolone group responses were restricted to SV, CG
and GP. In addition, the magnitude of the response to TP was greater than for
Trenbolone.
In the antagonist study, a response (statistically lower tissue weight compared with
vehicle control) was seen in groups receiving 3 mg/kg/day Flutamide, 160
mg/kg/day DDE and 100 mg/kg/day Linuron, but not in groups dosed with lower
doses of Linuron or DDE or DN or NN. All 3 affected groups showed lower VP,
SV and LABC weights, whereas the GP weight was only lower in animals receiving
Flutamide or DDE. The magnitude of the responses in the Flutamide and DDE
groups were similar, and greater than that seen in the Linuron group.
In conclusion, the assay demonstrated a response in the both agonist and antagonist
studies, but the response was potency-related. Treatment with DN and NN did not
evoke a response in this assay.
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EFFECTS OF DI(N-BUTYL)PHTHALATE ON GENE
EXPRESSION OF THE MALE REPRODUCTIVE ORGANS

T. Kang, H. Kang, T. Kim, H. Moon, I. Kang, Y. Jun, E. Choi, I. Kim, S.
Han and J. Hong. KFDA/NITR, Seoul, South Korea.
The aims of present study were to compare the effects of in utero exposure of several chemicals which have antiandrogenic characteristics on the development of reproductive organs and to investigate the specific mechanisms related to the abnormalities observed in the male reproductive system. During gestation days 10-19,
pregnant Sprague-Dawley (SD) female rats were administered orally with corn oil
(control), or flutamide (1, 12.5, or 25 mg/kg/day) Di(n-butyl)phthalate (DBP)
(250, 500, or 700 mg/kg/day). At 31 of age, the SD male rats reproductive tract abnormalities (hypospadias, cryptorchidism) were dose-dependently increased in the
DBP or flutamide treated groups. Preputial separation (PPS) was delayed by DBP
(250, 500, or 700 mg/kg/day) or flutamide (1, 12.5, or 25 mg/kg/day) treatment.
In ventral prostate epithelium cells, expression of androgen receptor and NKx3.1
were decreased in the DBP (700 mg/kg/day) or flutamide (25 mg/kg/day) treated
groups. In cDNA microarray analysis, expression of hydroxysteroid dehydrogenase
17beta and kruppel-like factor were decreased in ventral prostate treated on the
DBP (700 mg/kg/day) or flutamide (25 mg/kg/day). At 31 days of age, the serum
IGF-I, estradiol, and dihydrotestosterone (DHT) levels significantly decreased in
the DBP (700 mg/kg/day) and flutamide (25 mg/kg/day) treated groups. In the expression of AR and Shh in the penis were decreased on the DBP (700 mg/kg/day)
or flutamide (25 mg/kg/day) treated groups. In cDNA microarray analysis, IGF-II,
homeobox 2, EGF gene expression were dose-dependently decreased on the DBP
(700 mg/kg/day) or flutamide (25 mg/kg/day) treated groups. In addition, DBP
and flutamide treated groups dose dependently decreased the expression of IGF-I
and IGF-II in the undescended testis respectively. These results demonstrate that
exposure to antiandrogen during gestation days 10-19 causes changes in the endocrine system resulting in abnormal development of male reproductive organs.
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CUMULATIVE EFFECTS OF IN UTERO
ADMINISTRATION OF A MIXTURE OF SEVEN
ANTIANDROGENS ON MALE RAT REPRODUCTIVE
DEVELOPMENT

L. E. Gray and J. Furr. ORD, NHEERL, RTD, EB, USEPA, Research Triangle
Park, NC.
Although risk assessments are typically conducted on a chemical-by-chemical basis,
the 1996 FQPA requires the USEPA to consider cumulative risk from chemicals
that act via a common mechanism of action. To this end, we are conducting studies
with mixtures to provide a framework for assessing the cumulative in utero effects
of EDCs. In this study, we measured the effects of in utero exposure to a combination of seven relatively well characterized “antiandrogens” on anogenital distance
(AGD) in newborn male SD rats. We predicted the potency of each chemical relative to vinclozolin (V) by comparing ED50s from linear regression models of the
dose response data for each chemical, linear models being appropriate for AGD
data within this range of potencies. The R-square values for the regressions of AGD

treatment means versus dose were 96, 87, 89, 98 and 93% and relative potency factors were 1.0, 0.56, 0.17, 0.8 and 0.12 for V, procymidone, linuron, prochloraz and
three phthalate esters, respectively. In the “high dose” group, termed the ED100,
each chemical in the mixture was administered by gavage to the dam on gestational
days 14-18 at 1/7th of estimated ED100 for inducing malformations (V 15
mg/kg/d, procymidone 15 mg/kg/d, prochloraz 35 mg/kg/d, linuron 20 mg/kg/d,
and BBP, DBP and DEHP at 150 mg/kg/d/phthalate). The mixture also was administered at 75%, 50% and 25% of the ED100 level. Using these data, we estimated that the ED100 treatment was equivalent to 100 mg V/kg/d and calculated
a predicted reduction in AGD from each treatment using the V model. The results
of the study demonstrate that the mixture reduced AGD in a linear fashion that is
consistent with an interaction model assuming dose-additive effects of the seven
chemicals. As neonatal reductions in AGD in male rats are highly correlated with
an increase in reproductive tract malformations it is likely that cumulative toxicity
will be seen on other reproductive endpoints later in life. This is an abstract of a
proposed presentation and does not necessarily reflect EPA
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IN VITRO EVALUATION OF
OCTAMETHYLCYCLOTETRASILOXANE (D4) AND
DECAMETHYLCYCLOPENTASILOXANE (D5) AS
PROGESTERONE RECEPTOR LIGAND

K. P. Plotzke, P. A. Jean, J. A. Arthurton and S. D. Crofoot. Dow Corning
Corporation, Midland, MI.
The potential for D4 and D5 to act as progesterone receptor ligands was investigated in a series of in vitro assays. This effort reflects part of an initiative to explore
potential modes of action related to uterine lesions identified in recently conducted
chronic bioassays. The HitHunter™ progesterone receptor assay was used to evaluate D4 and D5 binding to recombinant human progesterone receptor-α. Receptor
binding was evaluated also in classical radioligand binding assays that utilized recombinant human progesterone receptor-β and cytosol from calf uterus as the
source of receptor. In addition PR CALUX® Bioassay, a commercially available reporter gene assay, was used to evaluate D4 and D5 as functional ligands for recombinant human progesterone receptor-β. Ethanol was used as the carrier in each
assay. D4 and D5 were evaluated over a nominal concentration range of 0.1 – 1000
µM in the HitHunter™ progesterone receptor assay. Receptor binding was not observed. Evaluation of receptor binding in the classical radioligand binding assays
used promogestone ([3H]R-5020) as the radioligand and nominal concentration
ranges of 10 - 3200 µM D4 and 10 – 2500 µM D5. There was no evidence of receptor binding. Similarly, there was no evidence of induction of reporter gene expression by D4 or D5 in the PR CALUX® bioassay over the nominal concentration range of 10-12 – 10-3 M. These data suggest that D4 and D5 are not
progesterone receptor ligands. This conclusion is in agreement with the lack of evidence for progesterone receptor activation by D4 and D5 in previously conducted
rat reproductive toxicity studies in vivo. (This work was supported by the Silicones
Environmental, Health and Safety Council of North America)
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2DPAGE AND ITRAQ LABELING: COMPLEMENTARY
TOOLS FOR IN-VIVO ASSESSMENT/DIAGNOSIS OF
AMPHIBIAN THYROID AXIS-DISRUPTING CHEMICALS

J. Serrano1, 2, B. Withuhn2, L. Higgings2, J. Korte1, G. Holcombe1, P. Kosian1,
J. Tietge1 and S. Degitz1. 1NHEERL- MED. Duluth, USEPA, Duluth , MN and
2
Biochemistry and Molecular Biology, University of MN, St Paul, MN. Sponsor: J.
Nichols.
The USEPA is pursuing the development of a cost-effective, non-mammalian
screening assay for xenobiotics that perturb the thyroid pathway. Accordingly, our
group is using a systems biology approach to develop streamlined and comprehensive experimental methods for assessing endocrine stressors. Such an approach requires classification of chemicals based upon their effects at different levels of biological organization. Therefore, we are applying a multiendpoint strategy that
combines morphometric, histological, biochemical and molecular methods using
the amphibian model, Xenopus laevis. In this update report, we specifically address
the optimization of 2D-SDSPAGE and iTRAQ-LC/qQTOF/MS approaches to assess the effects of xenobiotics on the thyroid hormone axis during short-term exposure bioassays (0-96h). Differential protein profiling was applied to investigate expression patterns produced by a suite of model T4 synthesis inhibitors in
prometamorphic tadpoles. 2DGels and iTRAQ were combined with MS to evaluate the effects of methimazole, perchlorate and propylthiouracil upon protein expression in brain cells. For gel experiments, spots showing >2.5 fold quantitative
differences were identified by 1DLCMS. For labeling procedures used with
2DLCMS, aliquots of the same lysates were prepared with iTRAQ reagents.
Protein relative abundance among sample types was determined from the reporter
ions ratios (m/z114-117). To date, we have identified 6 proteins showing unique
changes across chemicals tested by both techniques. In addition, iTRAQ has al-

lowed characterization of 14/15 other differentially regulated proteins by at least 2
chemicals at 48/96H respectively. Biological process and functional characterization data for these proteins is reported. Overall, the data validates iTRAQ as an expanded coverage tool for assessing the effects of thyroid active chemicals and corresponding compensatory mechanisms at the molecular level during in vivo
toxicology studies.

1942

DEIODINASE TYPE I, II, AND III EXPRESSION IN
AMPHIBIAN PITUITARY, THYROID, AND LIMB BUD AT
KEY STAGES OF DEVELOPMENT AND AFTER
EXPOSURE TO THE THYROID HORMONE
MODULATORS: METHIMAZOLE, PERCHLORATE AND
PROPYLTHIOURACIL

J. J. Korte, H. M. Kerr, M. E. Bugge, L. M. Korte, P. A. Kosian, G. W.
Holcombe, J. E. Tietge and S. J. Degitz. MED., NHEERL, ORD, USEPA,
Duluth, MN. Sponsor: M. Hornung.
Based on recommendations from the Endocrine Disruptor Screening and Testing
Program Advisory Committee, the US EPA is developing a screening assay capable
of detecting the effects of perturbed thyroid hormone status in Xenopus laevis. One
aspect of the assay is developing sensitive molecular measurements to improve diagnostic capability. The major product of the thyroid gland is T4, however T3 is
known to be the more active form of thyroid hormone (TH). Conversion of T4 to
T3 is catalyzed by type I and II deiodinases (D1 and D2), while type III deiodinase
(D3) has a major role in inactivation of T3. Expression measurements of these
genes were made by quantitative real-time RT-PCR (Q-PCR) in pituitaries, thyroids, and limbs at key stages of development. Significant patterns of gene expression were observed that are consistent with TH coordinating changes in development. For example, D2 expression peaks in the limb at stage 56, while D3 increases
beyond this stage. In the thyroid, D2 peaks much later at stage 63, while D3 still
appears to be increasing. These changes are consistent with different tissues requiring different local T3 concentrations at different times. Additionally, the expression
of these genes was measured after exposure to methimazole, perchlorate and propylthiouracil. In the thyroid, D2 expression was increased relative to controls. This is
consistent with the organism attempting to produce more of the active form of circulating TH. It has long been thought that D1 does not exist in amphibians, however we were able to show gene expression that appears to be developmentally regulated. Although the presence of a functional D1 activity needs to be confirmed, the
temporal expression in select subpopulations of cells within tissues could have important consequences for the timing of developmental changes. This abstract does
not necessarily reflect EPA policy.

1943

CONFIRMATION OF AMMONIUM PERCHLORATEINDUCED DIFFUSE PATHOLOGIC HYPERPLASIA OF
THYROID FOLLICULAR EPITHELIUM IN THE RAT
USING ANTIBODY TO KI-67

J. R. Latendresse1, L. Muskhelishvili1 and D. R. Doerge2. 1Toxicologic Pathology
Associates, Inc., Jefferson, AR and 2Biochemical Toxicology, NCTR, Jefferson, AR.
Ammonium perchlorate (AP) industrial uses include rocket propellants, fireworks,
and air bag inflation systems. AP is an environmental contaminant affecting thyroid function in species including humans and rats. It induces iodine deficiency in
the thyroid gland competitively blocking iodide uptake mediated by the sodium iodide symporter. Iodine deficiency results in decreased T4/T3 synthesis by follicular
cells. Negative feedback due to low serum T4/T3 stimulates persistent synthesis/release of TSH by the pars distalis, resulting in over-stimulation of thyroid follicular
cells. Chronic exposure culminates in rat thyroid tumors. Other studies reported
additional chemicals that induced prolonged over-secretion of TSH, causing thyroid hyperplasia with small follicles lined by tall epithelium and colloid loss. Siglin
et al. (Toxicol. Sci. 2000) reported AP-induced colloid depletion, follicular cell hypertrophy and microfollicles, but did not diagnose hyperplasia because hallmarks
like increased mitotic figures or presence of focal epithelial stratification, papillary
infolding, or secondary microfollicles within follicles were not observed. This study
was to confirm a microfollicular pattern of thyroid follicular epithelial hyperplasia
caused by TSH over-stimulation. Male Sprague-Dawley rats were given AP in
drinking water for 30 days at 0, 0.01, 0.1, 1, 30 mg (HD)/kg body weight/day.
Fixed thyroid weight increased 15 and 35% from controls in 1 mg and HD groups,
respectively. Serum T3, T4, and TSH in the HD group changed by -3, -14, and
+2.5% from controls, respectively. Increased prevalence and severity of colloid depletion, follicular cell hypertrophy and microfollicles were observed in the HD
group compared to controls. Cell proliferation marker Ki-67 immunopositive epithelial cells in microfollicles were ~3-fold higher per mm2 than in controls, confirming diffuse follicular cell hyperplasia.

SOT 2006 ANNUAL MEETING

397

1944

ACTION AND TOXICITY OF VITAMIN D ANALOGS ON
BONE METABOLISM

C. I. Nduaka1, C. Andresen2, E. Olson2, R. Pero2, R. Lariviere2, N. Hanson2
and C. Bagi2. 1World Wide Safety Sciences, Pfizer Inc., Groton, CT and
2
Comparative Physiology and Medicine, Pfizer Inc., Groton, CT.
The effect of calciotropic hormones on bone formation and bone resorption was
evaluated using an animal model system known as the thyroparathyroidectomized
(TPTx) rat model. Surgical removal of the thyroid and parathyroid glands causes
deprivation of parathyroid hormone (PTH) and calcitonin (CT) creating a low
state of bone remodeling, while deprivation of thyroid hormone causes reduced
bone modeling due to reduced longitudinal bone growth. Manipulating the calcium supply through diet and water to animals in this “steady state” system allows
for the execution of well-controlled studies examining the sole, or combined effects
of calciotropic hormones on bone metabolism and calcium homeostasis. Under
hypocalcemic conditions created by TPTx and a calcium deficient diet, continuous
administration of PTH elicited normocalcemia through increased bone resorption
as indicated by a mild increase in serum osteocalcin. Intermittent administration of
PTH failed to change any of the measured bone parameters in hypocalcemic conditions. The direct effect of calcitonin on osteoclasts overrides PTH induced hypercalcemia inducing a decrease in serum osteocalcin. Calcium lactate supplementation alone had no effect on either calcium or bone metabolism. Dosing with
1,25-dihydroxyvitamin D3 alone elicited a mild, but significant increase in serum
calcium by increasing bone resorption through its indirect effect on osteoclasts. The
same treatment increased serum osteocalcin levels through its direct action on osteoblasts. The combination of 1,25-dihydroxyvitamin D3 and calcium lactate was
effective in increasing serum calcium and osteocalcin levels in the absence of PTH.
Taken together our data demonstrate how serum calcium levels influence bone formation and matrix mineralization events following administration of calciotropic
hormones. The TPTx rat model provides a sensitive and well-controlled in vivo system to assess effects of various therapies on calcium homeostasis and remodeling
driven bone formation.

1945

DIETHYLHEXYL PHTHALATE ALTERS THE
EXPRESSION OF STEROIDOGENIC FACTOR-1 AND
PPARγ IN FETAL RAT TESTIS

A. Vinggaard1, J. Borch1, S. B. Metzdorff1, L. Brokken2 and M. Dalgaard1.
Department . of Toxicology and Risk Assessment, Danish Institute for Food and
Veterinary Research, Soborg, Denmark and 2Department . of Physiology, INST.. of
Biomedicine, University of Turku, Turku, Finland. Sponsor: E. Gray.
1

Phthalates are widely used as plasticizers in consumer products and are known to
disturb the development of the male reproductive system in rats. Testosterone production by fetal testes is known being suppressed by certain phthalates, but the detailed mechanisms by which phthalates exert this suppression are not fully elucidated, yet. In this study the effects of low doses of diethylhexyl phthalate (DEHP)
on testosterone production and expression of proteins and genes involved in fetal
testicular function were investigated. Among the examined factors were the nuclear
receptors peroxisome proliferator-activated receptors (PPARs) and steroidogenic
factor 1 (SF-1), which regulate certain steps in cholesterol transport and steroid
synthesis. Pregnant Wistar rats were gavaged from GD 7 to 21 with vehicle, 10, 30,
100 or 300 mg/kg bw/day of DEHP. In male fetuses examined at GD 21, testicular
testosterone production ex vivo and testicular testosterone levels were reduced significantly in highest dose group. Quantitative RT-PCR revealed reduced testicular
mRNA expression of the steroidogenesis related factors SR-B1, StAR, PBR and
P450scc in addition to reduced expression of the nuclear receptor SF-1 and the
cryptorchidism-associated Insl-3. Immunohistochemistry showed clear reductions
of StAR, PBR, P450scc and PPARγ protein levels in fetal Leydig cells. The suppression of testosterone levels observed in phthalate-exposed fetal rats was likely caused
by the low expression of these receptors and enzymes involved in steroidogenesis.
The observed effects of DEHP on the expression of nuclear receptors SF-1 may be
directly related to the disrupted steroidogenesis, as SR-B1, StAR, P450scc, 3βHSD,
and P450c17 are all regulated by SF-1. The reduced uptake of cholesterol into
Leydig cells and mitochondria could be due to PPAR activation by DEHP, leading
to downregulation of SR-B1 and PBR.

1946

ATRAZINE STIMULATES THE RELEASE OF ACTH AND
ADRENAL STEROIDS IN MALE WISTAR RATS

S. Laws, J. Ferrell, D. Best, A. Buckalew, A. Murr and R. Cooper. RTD,
NHEERL, ORD, USEPA, Research Triangle Park, NC.
Previously, we reported that atrazine (ATR) alters steroidogenesis in male Wistar
rats resulting in increased serum corticosterone (C), progesterone (P), androgens
and estrogens. The observation of increased C following single or multiple doses of
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ATR (up to 21 days of dosing) suggested that this chlorotriazine herbicide may alter
corticotrophin releasing factor (CRF) and/or adrenocorticortropic hormone
(ACTH) release. This study evaluates ACTH, C, P and testosterone (T) following
a single dose of ATR. Sixty-day-old rats were acclimated to dosing with vehicle
(methylcellulose) for 7-days by gavage. On day 8, the rats were divided into groups
of 10, given a single dose of ATR (0, 5, 50, 100, 200 mg/kg, gavage) at 0900
(12/12 light cycle, on @ 0700) and killed 5, 15, 30, 60 or 180 min later. A dose-dependent increase in plasma ACTH was observed 15 and 30 min after ATR.
Maximal ACTH levels were observed at 15 min with 2.5, 4.9 and 9.6-fold increases
in the 50, 100 and 200 mg/kg groups,respectively. Dose-dependent increases in
serum C and P were observed at 15 and 30 min. in the 50, 100, and 200 mg/kg
groups with the maximal responses (9 – 12 fold increases) occurring at 30 min postdosing. C and P remained elevated in the 200 mg/kg males through 180 and 60
min., respectively. Increased serum T was observed at 30 min in the 100 and 200
mg/kg groups, and at 60 min in the 50 -200 mg/kg groups. Thus, this study shows
that the ATR-induced increase in steroidogenesis is the result of increased ACTH
secretion that may be mediated either through a direct effect on the pituitary or
central nervous system CRF release. Additional studies are ongoing to identify the
primary target site for these effects, and to determine the role that fluctuations in
adrenal steroids may play in mediating ATR-related adverse effects on the reproductive system. This abstract does not necessarily reflect EPA policy.

1947

CHLOROTRIAZINE-INDUCED ALTERATIONS OF
CELLULAR CALCIUM SIGNALING AND LH RELEASE IN
ANTERIOR PITUITARY CELLS

T. A. Nichols, W. H. Hanneman and R. B. Tjalkens. Department of
Environmental and Radiological Health, Colorado State University, Fort Collins, CO.
Chlorotriazine (Cl-TRI) compounds such as atrazine (ATRA) are among the most
commonly used herbicides worldwide. Exposure to ATRA and other Cl-TRIs
causes a spectrum of reproductive and developmental deficits in laboratory species
that involves selective disruption of the hypothalamic-pituitary gonadal (HPG) axis
and blunting of the surge of leutinizing hormone (LH) from the pituitary gland induced by gonadotropin releasing hormone (GnRH). While this effect is well
known, the mechanism of action by which the chlorotriazines blunt the LH surge
is not known. Calcium is known to play a central role in the secretion of LH from
the pituitary gonadotrophs and decreases in intracellular Ca2+ have been shown to
disrupt the release of LH from these same cells. Therefore, the objective of the present study was to elucidate if exposure to diaminochlorotriazine (DACT) alters
GnRH-induced intracellular Ca2+ release. LβT2 cells were treated for 24 hrs with
300µM DACT and imaged for intracellular calcium utilizing the vital fluorescent
probe Fluo-4 AM. Fluorescent images were initially captured for 30 sec using digital fluorescent microscopy. At 30 sec 10nM GnRH was added and subsequent images were collected every 10 seconds for 5 minutes. DACT exposure resulted in a
17% reduction in the GnRH-induced transient spike of cytosolic Ca2+ and eliminated the sustained plateau phase. To further determine the ability of DACT to decrease LH secretion from LβT2 cells, LH was measured via RIA 24hr post DACT
exposure. LH secretion was significantly reduced in the DACT treated cells.

1948

POTENTIAL ROLE OF TUBERO-INFUNDIBULAR
DOPAMINERGIC NEURONS IN THE DISRUPTION OF
PITUITARY HORMONE SECRETION BY ATRAZINE

R. L. Cooper, A. Buckalew, S. Laws, A. Murr and T. Stoker. EB, RTD,
NHEERL, ORD, Research Triangle Park, NC.
Previously, we demonstrated that atrazine suppressed the ovulatory surge of luteininzing hormone and disrupted estrous cycles in the female rat. We also reported
that this disruption of ovulation is likely the result of atrazine’s effect on hypothalamic gonadotropin hormone releasing hormone (GnRH ) release into the pituitary
portal system. In addition, we reported that atrazine inhibits prolactin secretion. In
the present study, we examined the concentrations of hypothalamic GnRH as well
as the concentration of selected neurotransmitters [norepinephrine (NE),
dopamine (DA)] and neuropeptides [neuropeptide-Y (NPY) and B-endorphin (βendo)] known to regulate GnRH release. Female rats displaying regular (4-day) estrous cycles were gavaged with atrazine daily (25 & 75 mg/kg at 1200 h) beginning
on the day of vaginal estrus for 4 days. On the morning of the next proestrus,
groups of rats were killed at 2h intervals between 1000-2000h. The peak amplitude
of the LH surge was decreased at both doses. The concentration of GnRH was increased in the median eminence region [MER, the area immediately above the pituitary stalk), but not in the rostral hypothalamus (i.e., medial preoptic area).
Similarly, the concentration of DA was increased in the MER and arcuate nucleus.
No changes in hypothalamic NE, NPY or B-endo were identified. Based on these
observations, we hypothesize that atrazine decreases GnRH release because it enhances the synthesis and release of DA from the tubero-infundibular dopminergic

(TIDA) neurons within the arcuate-MER region of the hypothalamus. The TIDA
neurons have been reported to inhibit GnRH via presynaptic (axo-axonal synapses)
and the release of TIDA DA into the pituitary portal system is known to decrease
prolactin release from the pituitary. Thus, a single change in hypothalamic DA activity may explain the change in secretion of both LH and prolactin from the pituitary. This abstract does not necessarily reflect EPA policy.

1949

ASSESSMENT OF THE EFFECTS OF CHEMICALS ON
STEROIDOGENESIS USING HUMAN H295R CELLS BY
SIMULTANEOUSLY MEASUREMENT OF A DOZEN
STEROID HORMONES

N. Terasaki, M. Yamazaki, T. Hamano, Y. Ikeda and N. Tsutsui. Toxicology
Laboratory, Mitsubishi Pharma Corporation, Chiba, Japan. Sponsor: J. Sugimoto.
The human adrenocortical carcinoma cell line H295R appears to provide useful in
vitro model to examine effects of chemicals on the human glucocorticoid synthesis
pathway. We consider that simultaneous measurement of a dozen steroid hormones
comprising glucocorticoid synthesis pathway must be a proper way to grasp overall
pattern of steroidogenesis disruption elicited by adrenostatic agents. This study was
addressed to establish the assay fulfilled our purpose.
The H295R cells were seeded in tissue culture plates and cultured for 3 days. Old
medium was removed and fresh medium was added to the wells together with
ACTH (50 nM), forskolin (20 mM) and angiotensin II (100 nM) in presence or
absence of test substance (metyrapone, aminoglutethimide, ketoconazole, spironolactone, o,p-DDD, miconazole and daidzein). After further incubation for 3 days,
an aliquot of the medium was collected and analyzed simultaneously concentrations of the twelve steroid hormones (pregnenolone, 17a-hydroxypregnenolone,
dehydroepiandrosterone, progesterone, 17a-hydroxyprogesterone, androstenedione, 11-deoxycorticosterone, 11-deoxycortisol, corticosterone, aldosterone, cortisol and testosterone) by LC/MS-MS. The conversion rate in each cascade was calculated based on the concentration of steroids, and the effect of test article on each
catalytic enzyme was identified.
The mitochondrial CYP enzymes, CYP11A, CYP11B1 and CYP11B2, were inhibited by metyrapone (100 mM). This result was in accordance with a few previous reports. Daidzein (100 mM) caused inhibition of 17b-HSD and CYP17, besides 3b-HSD and CYP21 that have been reported to be inhibited by this
compound. Furthermore, the adrenostatic profile of the other test substances examined in this study almost corresponded to earlier reports. Thus our system developed in this study proved to be useful in identifying potential effects of chemicals on steroidogenesis.

1950

MICROASSAY FOR THE DETECTION OF
GLUCOCORTICOID AGONIST/ANTAGONIST
ACTIVITY IN ENVIRONMENTAL CHEMICALS

R. J. Witorsch, J. K. Taylor and C. S. Jones. Physiology, Virginia Commonwealth
University, Richmond, VA.
Although estrogen, androgen, progestin, and thyroid hormone receptors have been
implicated in mediating endocrine disruption of certain nonsteroidal chemicals,
the role of the glucocorticoid receptor (GR) in this phenomenon has been largely
unexplored. Accordingly, a “G-screen” microassay was developed for the identification of environmental chemicals that exhibit glucocorticoid agonist and/or antagonist activity. Nb2 rat lymphoma, a cell line previously shown to possess GR and respond specifically to the apoptotic effects of the synthetic glucocorticoid,
dexamethasone (Dex), was incubated with test chemicals for about 24 hr in serum
free medium. Cell viability (mitochondrial dehydrogenase activity) was quantitated
by the one-step colorimetric WST-1 assay. Dex evoked a robust concentration-dependent (from 1.56 to 25 nM) cytolytic response that was blocked by co-incubation with the GR antagonist, RU-486 (RU). Structure-function experiments revealed the expected order of glucocorticoid potency (dexamethasone > cortisol >
corticosterone > aldosterone > 11-DOC) with little or no activity for other steroids
(progesterone, estradiol, and testosterone) at concentrations up to 4 µM. Forty-two
nonsteroidal chemicals, representing diverse classes (e.g., heavy metals, organochlorines, flavonoids, phthalates, alkylphenols, diphenyl derivatives) were tested over a
100,000-fold concentration range (0.1, 1, 10, 100 nM, 1 and 10 µM) alone and
with Dex or RU. None of the test chemicals exhibited glucocorticoid agonist (cytolysis blocked by RU) or antagonist activity (inhibition of Dex-induced cytolysis)
in this highly sensitive and specific G-screen assay. However, select test chemicals
exhibited “nonspecific” cytotoxicity (not blocked by RU) at concentrations of 10
µM. Among the more potent of these were sodium arsenite, sodium selenite, rosolic acid, kepone, diethylstilbestrol, and 4-OH tamoxifen (Supported by a grant
from the Thomas F. and Kate Miller Jeffress Trust).

1951

CYTOCHROME P450 17 (CYP17), A POTENTIAL
TARGET FOR CANCER CHEMOPREVENTION

M. B. van Duursen1, R. Fernandez Canton1, P. van Binsbergen1, F. E. Daamen1,
S. Ruchirawat2 and M. van den Berg1. 1Institute for Risk Assessment Sciences (IRAS),
Utrecht University, Utrecht, Netherlands and 2Laboratory of Medicinal Chemistry,
Chulabhorn Research Institute, Bangkok, Thailand.
The enzyme cytochrome P450 17 (CYP17, 17 alpha-hydroxylase/17,20-lyase) is a
key enzyme in sex steroidogenesis. Increasing numbers of studies focus on the role
of this enzyme in the etiology of hormone-dependent cancers, such as breast cancer,
since high local formation of estrogens might result in enhanced breast cancer risk.
In our lab, we worked on a rapid and sensitive bioassay to investigate possible interference of exogenous compounds with CYP17 activity. In this assay, pregenenolone
conversion into dehydroepiandrostenedione (DHEA) was measured in MCF-7
cells using a commercially available RIA kit (Immunotech, Bechman Coulter
Company). To ensure the conversion of pregnenolone into 17-alpha-hydroxypregnenolone and subsequently into DHEA, thus prohibit the conversion into mineraland glucocorticoids, 3β-hydroxysteroid dehydrogenase was blocked with trilostane.
The selective CYP17 inhibitor SU-10603 was used as positive control.
Because CYP17 is a key enzyme in sex steroidogenesis, it is also a potentially useful
target for cancer chemoprevention. Lignans, naturally occurring phytoestrogens,
are often suggested to decrease breast cancer risk, but their mechanism of action is
largely unknown. We studied their effects on CYP17 expression and found that the
mammalian lignan enterolactone, but not enterodiol, decreased CYP17 expression
in MCF-7 cells. This led us to study the effects of several lactone-derivatives (synthesized at the Laboratory of Medicinal Chemistry, Chulabhorn Research Institute,
Bangkok, Thailand) on CYP17 expression and -activity. The potentially chemopreventive properties of these compounds and CYP17 will be discussed.

1952

EFFECTS OF NEONATAL EXPOSURE TO
DIETHYLSTILBESTROL ON AQUAPORIN GENE
EXPRESSION LEVELS IN MOUSE EPIDIDYMIS

Y. Yanagisawa1, K. Yamazaki1, C. Mori1, 2, 3 and M. Komiyama1, 2, 3. 1Department
of Bioenvironmental Medicine, Graduate School of Medicine, Chiba University,
Chiba, Japan, 2Environmental Health Science Project for Future Generations,
Graduate School of Medicine, Chiba University, Chiba, Japan and 3Center for
Environment, Health and Field Sciences, Chiba University, Kawasaki, Japan.
Recently, it has been reported that endocrine disruptors are the possible causes of
decreased male reproductive functions. Epididymis is an important organ involved
in sperm maturation. Aquaporins (AQPs) are well-known to be water channel molecules, and seem to play an important role in formation of luminal environment
which is essential for sperm maturation in the epididymis. In this study, we examined gene expression of AQPs in normal mouse epididymis, and the effects of
neonatal diethylstilbestrol (DES) or 17β-estradiol (E2) treatment on body and epididymis weight, morphology and AQP gene expression levels in mouse epididymis.
In normal mouse epididymis, AQP1-7, 9 and 11 were expressed, suggesting that
these AQPs are related to maintenance of luminal environment in the epididymis.
In exposure experiment, DES or E2 (5µg/weight/day) was administrated to neonatal male ICR mice for 5 successive days, and their epididymides were dissected at 8
weeks-old. In DES group, the body, epididymis, and relative epididymis weight
were lower than control. Morphological analysis revealed reduction of epithelial cell
height, relative stromal overgrowth, and dilation of epididymal ducts in DES
group. Expression levels of AQP1 and 9 genes were lower than control in DES
group in real-time RT-PCR analysis. However, none of these changes was observed
in E2 group.
It is possible that DES has different effects from E2, and neonatal DES treatment
affects absorptional function of water in the epididymis, resulting in alteration of
luminal environment in the epididymis.

1953

DEVELOPMENTAL TOXICITY OF NITRATES: IS THERE
A MECHANISTIC LINK TO NITRIC OXIDE
PRODUCTION?

B. S. Reeves and G. A. LeBlanc. Environmental and Molecular Toxicology, North
Carolina State University, Raleigh, NC.
Nitrates constitute ubiquitous and abundant aquatic pollutants due to their extensive use in agriculture. Though historically recognized as toxicants through their
ability to interfere with oxygen transport in the blood (methemoglobinemia), recent studies have raised concern that nitrates and nitrites (NOx) might be reduced
to nitric oxide (NO) in the body. Nitric oxide is a potent cellular signaling molecule
that regulates various processes including steroid synthesis and reproduction. This
study uses the freshwater crustacean Daphnia magna as a representative of aquatic
organisms and a general animal model to mechanistically investigate the effects of
NOx on reproduction and development. The hypothesis was tested that NO interferes with embryo development by reducing ecdysteroids that are critical to normal
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development. We further hypothesized that nitrates and nitrites would elicit similar
toxicity due to their conversion to nitric oxide by mitochondrial nitrate reductases.
Female daphnids were exposed to concentrations of sodium nitroprusside (SNP, an
NO donor), sodium nitrite, and sodium nitrate from neonate through four reproductive cycles. Effects on ecdysteroid-dependent development parameters associated with embryos were evaluated. SNP was the most potent developmental toxicant followed by sodium nitrite, then sodium nitrate. These results were consistent
with the hypothesis that NOx elicits toxicity through its conversion to nitric oxide.
Ecdysteroid levels are being measured by radioimmunoassay from embryos obtained from SNP or NOx treated maternal daphnids in an effort to establish the
mechanism by which NO/NOx elicits developmental toxicity. Ongoing experiments also are evaluating the conditions under which daphnids convert nitrite or
nitrate to nitric oxide using real-time amperometric detection. Results from this
study will advance our understanding of the potential threat posed by nitrate pollution to reproductive success.

tiles and fishes. Knowledge of the 3D structure of the hepatobiliary system in these
vertebrates will allow for a better interpretation of toxicity and disease, and for interpretation of genomic and proteomic information. Future work will seek to correlate in vivo phenotypes and observations at the cellular level with changes in
genotypic expression.

1954

Toxicology studies involving biochemical analyses often use live animals or cells in
monolayer culture as predictors of in vivo effects in humans. Both approaches have
inherent scientific disadvantages, not least ethical issues. It is known that some
liver-specific functions such as albumin secretion are progressively lost in monolayers, which may indicate dedifferentiation of the cells. Under certain conditions isolated liver cells can form 3-D multicellular cultures (spheroids) which may exhibit
closer architectural and functional similarity to intact liver than monolayers. The
study used CyDye DiGE labelling technology to examine the proteome of liver
biopsies and spheroids, and detect any significant variations.
Rat parenchymal and non-parenchymal liver cells were isolated from rat liver lobes
using a two-step collagenase perfusion method and incubated on a gyrotatory
shaker to stimulate re-aggregation of single cells to form multicellular, heterogenous
3-D spheroids. Biopsies from un-perfused lobes were rapidly frozen. After six days
incubation in supplemented Hepatocyte media, spheroids were also rapidly frozen.
Total protein extracts were prepared from biopsies and spheroids and labeled with
different colored CyDyes. Proteins were then first separated according to pI on IPG
strips, then further separated according to molecular weight on SDS gels, which
were then scanned using a Typhoon Imager and analyzed using DeCyder 5.0 software. Protein spots of interest were excised and subjected to MALDI mass spectrometry peptide fingerprinting. Known expressed liver proteins such as ALDH2
were identified during this process, and their comparative expression analyzed.
Proteomic analysis via DiGE identified the protein components of functional pathways, such as ethanol elimination, which are retained by rat liver spheroids revealing which system pathways exhibit enough essential functional similarity to intact
liver to allow robust prediction of the hepatic effects of certain toxins in vivo based
on in vitro analyses.

IDENTIFYING ADVERSE HEALTH IMPACTS IN
VULNERABLE POPULATIONS EXPOSED TO
CONTAMINANTS IN THE U.S. GREAT LAKES REGION:
AN OVERVIEW

H. Hicks, A. Ashizawa and C. De Rosa. ATSDR, Atlanta, GA. Sponsor: B.
Fowler.
More than 30,000 chemicals are produced or used in the Great Lakes (GL) Basin.
Because of the persistence and ubiquitous presence of these chemicals in the environment, toxic effects in GL wildlife have been demonstrated and results from early
epidemiologic investigations suggested the potential for adverse human health effects. In 1992, ATSDR received funding from the U.S. Congress to initiate the
Great Lakes Human Health Effects Research Program (GLHHERP).
The GLHHERP is designed to characterize exposure and investigate the potential
for short and long-term adverse health effects from exposure to persistent toxic substances (PTSs) which included PCBs, dioxins, methylmercury, pesticides, and others, via consumption of contaminated GL fish. The research criteria for this program were published in the U.S. Federal Register Notice and ten grants were
funded to implement these studies.
Overall, research results of these grants indicated that for the studied populations:
1) conception rates and the incidence of a live birth were lower; 2) significant menstrual cycle reductions; 3) neurobehavioral and developmental deficits were observed in newborns, infants, and young children; 4) lower scores on several measures of memory and learning were observed in adults; 5) decreased levels of
thyroxine (T4) in women and men; 6) a higher proportion of male children were
born to couples; and 7) increase risk of male child having a birth defect. These research findings are of public health concern. The populations identified are at risk
because of their elevated exposures and/or their intrinsic sensitivity to PTSs. Body
burden levels are 2 to 8 times higher than in the general U.S. population. ATSDR
has developed prudent public health interventions and risk communication tools to
interdict future exposure to toxic chemicals in these vulnerable populations. The
health data will be discussed and intervention strategies will be described.

1955

NON INVASIVE IN VIVO IMAGING OF HEPATOBILIARY
STRUCTURE, FUNCTION AND XENOBIOTIC
RESPONSE IN A TRANSPARENT FISH MODEL, THE
SEE-THROUGH MEDAKA (ORYZIAS LATIPES)

R. Hardman, D. Hinton and S. Kullman. Nicholas School of the Environment and
Earth Sciences, Duke University, Durham, NC.
A novel pigmentless strain of medaka, the see through medaka (STII), allows for
non invasive in vivo imaging. Employing brightfield, and widefield and confocal
microscopy, we imaged hepatobiliary structural and functional features, as well as
xenobiotic response, at the cellular level, in living individuals. Non invasive in vivo
observations allowed for detailed study and imaging of hepatobiliary system development. Developmental features imaged in vivo were: organogenesis of the liver
and gall bladder; metamorphosis of the embryonic liver (left lateral longitudinal
liver leaflet) to the adult liver phenotype (transverse position in the rostral abdominal cavity); and hepatic tubule architecture. A picture of the intrahepatic biliary
tree, as well as the relationship of the vascular bed to the hepatic tubules, is emerging in 2D and 3D. Functional events imaged in vivo were metabolism and transport of cytochrome P450 substrates, and hepatobiliary transport of lipophilic fluorophores and organic anions. Employing the reference hepatotoxicants
α-napthylisothiocyanate (ANIT) and diethylnitrosamine (DEN), we imaged in
vivo hepatocellular and vascular responses to ANIT exposure, and hepatic tumor
formation in response to DEN exposure. Non invasive in vivo imaging in the STII
medaka is enabling us to develop an in vivo understanding of the structure and
function of the tubular liver, the shared predominant phenotype in all embryonic
vertebrates, and the predominant adult phenotype for amphibians, birds and rep-
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COMPARATIVE PROTEOMIC ANALYSIS OF RAT LIVER
BIOPSIES AND DERIVATIVE 3-D LIVER CELL
CULTURES

A. Wallington, W. M. Purcell, J. T. Hancock, J. Hancock, J. Xu and N. D.
Avent. Faculty of Applied Sciences, University of the West of England, Bristol, United
Kingdom.

1957

VALIDATION OF THE INTEGRATED MULTIPLE
ORGAN CO-CULTURE (IDMOC) ASSAY FOR MULTIPLE
ORGAN CYTOTOXICITY

A. P. LI1, 2 and N. M. Li2. 1Advanced Pharmaceutical Sciences, Columbia, MD and
2
IN VITRO ADMET Laboratories, The ADMET Group LLC, Rockville, MD.
IdMOC allows co-culturing of primary cells from different organs (e.g. hepatocytes, renal proximal tubule cells, vascular endothelial cells, airway epithelial cells)
in a specially designed cell culture vessel, where each cell type is cultured in a discrete well, with the wells located inside a containing chamber (wells-in-a-well). The
chamber allows the multiple cell types to communicate via an overlying medium.
Using an IdMOC plate with the format of a regular 96-well plate (16 chambers,
each with 6 wells), we have developed an addition-only procedure to allow automation for higher throughput applications. On day 0, cells are plated into the wells in
a volume of 20 uL/well. On day 1, 720 uL of treatment medium (containing test
article or solvent) is added into the chamber. After a desired treatment period, 82
uL of a 10X MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide] solution is added for the assessment of viability. After the incubation period,
the plate is inverted to remove all media, followed by the addition of 20 uL/well of
DMSO to solubilize the formazan crystals formed. The resulting blue solution is
then quantified for absorbance. Using this procedure, the IdMOC cytotoxicity
assay has been validated for intra- and interexperimental reproducibility, accuracy,
and precision. Validation was firstly performed using an established cell line,
Chinese hamster ovary cells (CHO) and a known toxicant, cadmium chloride.
Results of the CHO cells showed that the IdMOC plate did not have apparent inherent problems such as well-to-well, chamber-to-chamber, and plate-to-plate variation. The IdMOC cytotoxicity was further validated using multiple primary cell
types and organ-specific toxicants, with emphasis on hepatotoxicants, nephrotoxicants, and pulmonary toxicants. The results showed that the experimental system
may serve as a routine screening system for organ-specific toxicity. One specific application is its use in early drug development for the selection of drug candidates.

1958

USE OF AN ADENOSINE TRIPHOSPHATE
CYTOTOXICITY (ATP) ASSAY IN NORMAL HUMAN
EPIDERMAL KERATINOCYTES TO PREDICT SYSTEMIC
TOXICITY IN VITRO

E. Choi1, C. Danilo1, I. Rybina1, R. Samia1, H. A. Raabe2, G. O. Moyer2 and
J. W. Harbell2. 1Cambrex Corporation, North Brunswick, NJ and 2Institute for IN
VITRO Sciences, Inc., Gaithersburg, MD.
Ekwall et al (ATLA 17:83-100, 1989) have proposed that ≈80% of chemical-induced systemic toxicity is the result of disruption of basic cellular processes common to most cell types in the body, and that systemic toxicity for many chemicals
could be estimated in in vitro cultures. The Multicenter Evaluation of In Vitro
Cytotoxicity (MEIC) was established to test this hypothesis initially on 50 chemicals for which human systemic toxicity data were available. Subsequent studies have
also shown relationships between cytotoxicity in vitro and systemic toxicity in vivo.
Strickland et al (The Toxicologist, Abs#761, 2003) reported on a joint
European/USA validation study initiated to evaluate two cytotoxicity assays using
normal human epidermal keratinocytes (NHEK) and BALB/c 3T3 with a neutral
red uptake (NRU) viability endpoint to predict acute systemic toxicity. Recently,
we have conducted a two-lab proof of concept study to evaluate the ATP endpoint
to assess viability of NHEK using the same cell culture and test chemical exposure
protocol optimized during the aforementioned validation. The ATP assay is more
rapid and utilizes fewer steps than the NRU endpoint. Since the amount of ATP in
each metabolically-functional cell is uniform, the ATP assay provides a direct measure of the number of viable cells. Cytotoxicity was measured as a dose-dependent
reduction in ATP from which an IC50 was determined. This provided a sensitive
measure of both growth inhibition and cell loss. Twenty of the 50 chemicals from
the MEIC program were coded and tested in 3 valid assays. Sodium lauryl sulfate
was used as the positive control. The relationship between the IC50 values in vitro
and human 50% lethal serum concentrations (LC50) reported by the MEIC program was determined. The resulting relationship was log LC50 µM=0.794(log IC50
µM)+0.176 [r2=0.88]. These data suggest that the NHEK assay with the ATP endpoint shows promise in the early evaluation of potential systemic toxicity.

1959

IN-2001 IS A NOVEL HISTONE DEACETYLASE
INHIBITOR WITH POTENT ANTITUMOR ACTIVITY
AGAINST BREAST CANCER IN VITRO AND IN VIVO

K. N. Min, K. E. Jeong, Y. W. Kim, K. Y. Kim, J. H. Kim, D. Kim and Y. Y.
Sheen. Pharmacy, Ewha Womans University, Seoul, seoul, South Korea.
Our data showed that IN-2001 treatment inhibited ER-positive and ER-negative
breast cancer cell growth in a dose-dependent manner and induced accumulation
of acetylated histone H4. IN-2001 induced cell cycle arrest at G0/G1 and/or
G2/M phase through induction of the cell cycle regulator p21WAF1 and p27KIP1
in breast cancer cells. In addition, IN2001 induced apoptosis, which is related with
the activation of caspase cascade and increase of ratio between Bax/Bcl-2. IN-2001
had pronounced anti-tumor activity in vivo when administered to MMTV/c-Neu
transgenic mice at a dose of 15mg/kg by I.P. injection daily for 5 days compared to
control mice. The body weights of IN-2001-treat animals did not differ significantly from controls, confirming the observation that IN-2001 did not cause serious toxicity. We have found out that IN-2001 decreased tumor weight possibly
through apoptosis. Furthermore, we have found out that IN-2001 increased the
gene expression of estrogen receptor and p21WAF1 in a time-dependent manner in
tumors as well as uterus of MMTV/c-Neu transgenic mice. IN-2001 led to re-expression of ER mRNA as detected by RT-PCR in ER-negative MDA-MB-231
breast cancer cells. When MMTV/c-Neu mice were treated by intraperitoneal injection daily for 1–3 days with vehicle or IN-2001 (30 mg/kg), the mammary tumors that develop in these mice was ER negative and IN-2001 increased expression
of ER in normal ovary and tumor tissues. The present studies confirm the potent
anti-tumor activity of IN-2001 against breast cancer in vitro and in vivo, strongly
supporting HDAC inhibitors as a molecular target for anticancer therapy in breast
cancer. Furthermore, It is possible that activation of the silenced ER by HDAC inhibition could open a new avenue for management of a subset of advanced breast
cancer with hormonal resistance.

1960

AUTOMATED MEASUREMENT OF ANGIOGENIC TUBE
FORMATION USING A QUANTITATIVE, CELL-BASED
IMAGING ASSAY

R. N. Ghosh, L. E. Grove and O. Lapets. Cellomics, Inc., Pittsburgh, PA. Sponsor:
A. Barchowsky.
Characterization of a compound’s angiogenic capability is increasingly becoming
part of its overall toxicological evaluation. Angiogenic assays are often indirect,
manual, time consuming, labor intensive, difficult to quantify, and expensive. The
availability of a reliable, automated, quantitative functional angiogenesis assay

would facilitate determining compounds’ angiogenic potential. We developed an
automated, quantitative, High Content Screening angiogenic micro-capillary tube
formation assay. Human endothelial cells were plated with pro- or anti-angiogenic
compounds on a Matrigel® layer in a 96-well plate. After a time period in which
angiogenic tubes formed in the positive controls, the samples were fixed, fluorescently labeled, automatically imaged on Cellomics’ ArrayScan® HCS Reader, and
quantitatively analyzed on-the-fly by the Tube Formation BioApplication software
module. Multiple features relevant for angiogenesis and angiogenic micro-capillary
tube formation were automatically measured. Evaluation of multiple anti-angiogenic compounds enabled them to be ranked by potency, and also revealed hormesis-type effects. Kinetic imaging and analysis of live endothelial cells as they formed
angiogenic tubes over time, enabled quantitative determination of the dynamics of
tube formation, such as the maximum rate of tube formation, as a function of the
pro-angiogenic compound concentration. This automated assay performed robustly and reliably, thus enabling the large-scale, quantitative, screening and characterization of compounds affecting both pro- and anti-angiogenic pathways.

1961

A GLOBAL GENE EXPRESSION COMPARISON OF
MOUSE LUNG CELLS IN VIVO AND IN VITRO

L. Berndt1, A. Williams2, P. A. White1, J. Gingerich1, G. R. Douglas1 and C. L.
Yauk1. 1Mutagenesis Section, Safe Environments Programme, Health Canada,
Ottawa, ON, Canada and 2Biostatistics and Epidemiology Division, Safe
Environments Programme, Health Canada, Ottawa, ON, Canada.
Despite the value of in vitro toxicology, questions remain regarding extrapolation
from cell cultures to living organisms. We previously developed a spontaneously
immortalized mouse lung cell line (called FE1)[1]. In this study, we characterize
global transcriptional differences between the FE1 cells, cultured primary lung epithelia, and parental murine lung tissue. In addition, we confirm the cellular origin
of the FE1 cells through expression analysis of cell-type specific genes. Briefly, RNA
from confluent and sub-confluent FE1 cells, cultured primary epithelia, and whole
lung was amplified, labeled and hybridized to Agilent high-density microarrays.
LOWESS normalization, SAM [2], k-means clustering, and pathway analysis were
carried out. We identified 1909 differentially expressed genes between confluent
and sub-confluent FE1, primary cells, and whole lung. Significant changes were
found for genes in pathways involved in cell cycle regulation, DNA metabolism,
substrate attachment, and intercellular communication. Gene ontology analysis of
pair-wise comparisons revealed the principAl processes involved in growth ex vivo
and immortalization. Eight genes (randomly selected from top, middle and bottom
of list) were analyzed using RT-PCR and correlated with microarray findings. RTPCR also confirmed the expression of genes encoding surfactant proteins (SP) A, B
and C in all samples establishing a type II epithelial origin for the FE1 cells. This research increases our understanding of the functional relationships of in vitro and in
vivo models for toxicity assessment, and provides insight into the application of in
vitro models for risk assessment. Further analysis investigating the response of lung
cells in vitro to benzo(a)pyrene compared to response in lung cells in vivo is currently underway.
[1] White, PA., et al. 2003. Environ Mol Mutagen. 42(3):166-84.
[2] Tusher et al. (2001). Proc Natl Acad Sci USA 98: 5116-5121.

1962

DEMONSTRATION OF DIFFERENTIAL TOXICITY
INDUCED BY AMINOFLAVONE PRODRUG IN HUMAN
AND RAT PRECISION CUT LUNG SLICES

H. Behrsing1, C. Ip2, T. Le2, J. Tomaszewski3, C. Green2, C. Tyson2 and K.
Amin2. 1HepaHope, Inc., Irvine, CA, 2Biosciences Division, SRI International,
Menlo Park, CA and 3National Cancer Institute, Rockville, MD.
The pulmonary toxicity of Aminoflavone prodrug (AF), a new anticancer drug entering clinical trials, was compared for human donor and F344 rat precision-cut
lung slices. Clinical chemistry markers (ALP and LDH), pro-inflammatory cytokines (IL-1β and TNF-α), and a semiquantitative histological analysis were used
to assess toxicity in both human and F344 lung slices. Slices were exposed to AF at
concentrations of 0.1, 1, and 10 µM for 7 days, with harvest timepoints at days 0,
1, 3, 5, and 7. AF exposure at concentrations of 1 and 10 µM increased ALP and
LDH activity in rat lung slices by 50–100%, but in human lung tissue, activity decreased by 25–50% at the same concentrations. Histologically, slices from both
species showed a time- and concentration-dependent loss of viability, but the tissue
injury was more pronounced in human lung slices. In human tissue exposed to 10
µM AF for 7 days, the viability of lung tissue decreased by more than 50% of control, compared with a 20% decrease in rat lung slices. Similarly, AF was more toxic
to human than to rat lung based on cytokine levels in the slices. In rat lung slices,
both IL-1β and TNF-α were increased 2- to 3-fold after 24 hours of exposure to AF
(10 µM). In human slices, IL-1β increased in a concentration-dependent manner
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to levels up to 50 times greater than the control levels (also at 24 hours and 10 µM).
TNF-α levels were 3-fold higher at all concentrations of AF studied. The results of
these preliminary studies suggest that human lung tissues are potentially more sensitive than F344 rat lung tissues to pulmonary toxicity caused by AF. These findings
confirm the usefulness of precision-cut organ slices for predicting the toxicity to
specific organs of investigational new drugs entering clinical trials.

1963

HUMAN AND RAT LUNG TISSUE EXHIBIT
DIFFERENTIAL SENSITIVITY TO PHORTRESS
TOXICITY : USE OF PRECISION-CUT LUNG SLICES

K. Amin1, C. Ip1, T. Le1, J. Tomaszewski2, C. Green1, C. Tyson1 and H.
Behrsing3. 1Biosciences Division, SRI International, Menlo Park, CA, 2National
Cancer Institute, Rockville, MD and 3HepaHope Inc., Irvine, CA.
The differential toxicity of an investigational new anticancer drug, Phortress, in
human and rat lung tissue was determined using the precision-cut slice system. The
clinical chemistry markers ALP and LDH, pro-inflammatory cytokines IL-1β and
TNF-α, and histological analysis were used to assess toxicity. Both human and rat
lung slices were exposed to Phortress at 0.1, 1, or 10 µM for 7 days, with harvest
timepoints on days 0, 1, 3, 5, and 7. In rat lung slices, the effects of Phortress exposure on biomarker levels were minor compared to control values. ALP and LDH increased modestly at day 1, then progressively decreased slightly until day 7.
Histologically, Phortress-induced alveolar damage was evident only after 7 days of
incubation at a concentration of 10 µM. Compared to controls, Phortress treatment noticeably changed the IL-1β levels only at the 10 µM concentration, on day
1, when a 2-fold increase was observed. TNF-α levels increased by 2- to 3-fold at
the 1 and 10 µM levels by day 3, but declined thereafter. Toxic responses in slices
from three human donor lungs ranged from mild to severe. Time- and dose-dependent decreases in slice biomarkers and alveolar viability after exposure to
Phortress were observed when data from all human donors were pooled. At day 7,
exposure to 10 µM Phortress decreased LDH levels and alveolar viability to 50%
and 40% of control values, respectively. Phortress had a major effect on slice IL-1β
levels, which increased by more than 75-fold after 24 hours of incubation with 10
µM Phortress. TNF-α levels increased by only 2- to 3-fold, but the effect was evident even at the 0.1 µM concentration. These preliminary data suggest that human
lung tissues are more sensitive than F344 rat lung tissues to pulmonary toxicity induced by Phortress. These findings confirm the value of precision-cut organ slices
as a predictor of organ toxicity for investigational new drugs entering clinical trials.

1964

ASSESSMENT OF HUMAN HEMATOPOIETIC
PROGENITOR PROLIFERATION IN A HIGHTHROUGHPUT ASSAY

C. Pereira1, J. Damen1, A. Eaves1, 2 and E. Clarke1. 1StemCell Technologies,
Vancouver, BC, Canada and 2Terry Fox Laboratory, Vancouver, BC, Canada.
Sponsor: R. MacFarland.
The colony forming cell (CFC) assay is the current gold standard in vitro functional test for the quantification of hematopoietic progenitors in clinical samples.
By altering the media formulations, this assay has also been utilized to assess the effect of drugs on lineage specific (myeloid or erythroid) toxicity and the identification of compounds with stimulatory potential (cytokines and chemokines).
Although CFC assays provide high content information, the culture set up, extended incubation periods (14 days) and subjective microscopic evaluation and
enumeration prohibits high-throughput drug screening. To create a high-throughput assay for early drug screening, attempts have been made to miniaturize the
CFC assay to a 96-well format (Toxicology in Vitro 18: 293, 2004). We assessed
various assay formats to establish the ideal growth conditions to determine toxicity
for the myeloid progenitor (CFU-GM) as measured by IC50 values. Human bone
marrow cells were cultured in a methylcellulose-based medium at various cell densities in distinct matrix volumes, in 96-, 48- and 24-well plate formats and assessed
for CFU-GM number at days 4, 7, 11 and 14. Growth curves were plotted and the
progenitor frequency calculated and compared to standard format (35 mm dishes).
The 96- well format at day 7, where the standard matrix height of 1 mm was retained, generated equivalent data to standard cultures. To assess whether these
miniaturized conditions could accurately predict IC50 values, assays were initiated
in the presence of various concentrations of myelosuppressive drugs. Statistically
significant differences in colony number were obtained (CFU-GM per 96-well:
control=13+/-3, 5-FU at 0.5 ug/mL=8+/-2, p=0.0026, 8 replicates). Most importantly, when compared to the standard 35 mm cultures, accurate IC50s could be
determined (IC50 for 5-FU: standard format=0.46 ug/mL, 96 well- format=0.57
ug/mL). This data indicates that day 7 CFC assays can provide accurate toxicological information in a high-throughput format suitable for early stage drug screening.
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1965

IN VITRO TOXICITY OF LOWER IGNITION
PROPENSITY (LIP) AND CONVENTIONAL
CIGARETTES

G. Lulham1, J. Miller2, W. S. Rickert3 and A. Trivedi3. 1JTI-Macdonald Corp.,
Toronto, ON, Canada, 2JT International SA, Geneva, Switzerland and 3Labstat
International, Kitchener, ON, Canada.
Manufacture of lower ignition propensity (LIP) cigarettes was mandated by the
Canadian Tobacco Act, effective October 1, 2005. This study was a preliminary assessment of in vitro toxicity of several Canadian LIP cigarette brands compared
with their matching conventional cigarette versions. Four brands were selected with
design characteristics reflective of the range currently available in the Canadian
marketplace; ISO ‘tar’ 5 to 15 mg; expanded tobacco inclusion 0 to 15%; and tobacco blend either Virginia Flue Cured (VFC) or American. LIP was accomplished
using printed bands on conventional cigarette papers. A non-LIP reference cigarette
(KY 2R4F) was also assayed. Cigarettes were smoked using the Health Canada
(HC) “intense” smoking regime. Toxicity was assessed using HC official methods
T-501, T-502 and T-503. Bacterial mutagenicity of smoke total particulate matter
(TPM) was evaluated using five strains of S. typhimurium, +/- S9 activation (T501). In this assay, there was a significant increase in TA98 and TA100 mutagenicity of American blend brands and KY 2R4F compared with VFC brands. However,
no differences could be detected between the LIP and regular version for any brand
pairs. Cytotoxicity was determined using the Neutral Red Uptake (NRU) assay on
three smoke samples: TPM, gas-vapour phase and combined smoke phases (T502). Here, no significant differences were found in mean IC50’s for any brand
pair/smoke fraction combination (conventional vs. LIP). Clastogenicity/aneugenicity of smoke TPM was assessed with the micronucleus (MN) assay using both short
term (+/- S9 activation) and long term treatment schedules (T-503). In this case, a
significantly lower dose-response regression slope was found in the long term treatment schedule for the LIP version of one brand pair. There was no increase in in
vitro toxicity between LIP cigarettes and their matching conventional brands.

1966

FUNCTIONAL CHARACTERIZATION OF A HUMAN
RENAL EPITHELIAL CULTURE MODEL

M. J. Powers1, S. Damian1, S. Hauber1, P. Zeigler1, K. Mou2, J. Lee2, J. Li2
and I. J. Hidalgo2. 1Cambrex Bio Science Walkersville, Inc., Walkersville, MD and
2
Absorption Systems, LP, Exton, PA.
We studied the performance and functional characteristics of an in vitro renal culture model. Primary human proximal tubule epithelial cells, preferentially isolated
from renal cortical tissue, were cultured on microporous membrane culture inserts
to form differentiated epithelial monolayers. The resulting behavior was assessed in
culture models using cells from each of three donors. Epithelial morphology and
polarity were demonstrated via transmission electron microscopy and the expression of physiologically relevant apical:basolateral (AP:BL) culture medium ratios of
the proximal tubular brush border enzyme γ-glutamyl transpeptidase.
Characteristic epithelial barrier properties were evaluated via transepithelial electrical resistance (TEER) and the apical-to-basolateral permeabilities (PappAP-BL) of
Lucifer yellow. Although donor variability was observed, representative barrier
functionality was observed to be relatively stable between days 8 and 15. The AP
and BL uptake of rhodamine 123 (R123) and the bi-directional transepithelial
transport of digoxin were measured to assess functionality of P-glycoprotein (Pgp).
Preferential incorporation of R123 from the BL domain and increased BL-AP
digoxin transport confirmed Pgp functionality in each donor. We also evaluated the
response of the system to CdCl2 challenge from both the AP and BL domain to illustrate the usefulness of this bicompartmental culture model in toxicity studies.
We conclude that these models display key functional characteristics of renal proximal tubule and provide a relevant in vitro environment for the recapitulation of
renal epithelial function and response.

1967

CHARACTERIZATION OF A CYNOMOLGUS MONKEY
KIDNEY-DERIVED CELL LINE, JTC-12, FOR
SUITABILITY IN TOXICITY EVALUATIONS

D. D. Baker, S. Sawant, M. Cosenza, C. Afshari and R. Dunn. Amgen,
Thousand Oaks, CA.
There is a general lack of reagents to support early in-vitro toxicity evaluations of
non-human primates. In an effort to understand potential on- and off-target toxicity, an immortalized kidney cell line from Cynomolgus monkey was examined.
JTC-12 cells were obtained from the Health Science Research Resources Bank,
Japan, then subjected to treatment with molecules known to exhibit cytotoxicity by
several mechanisms including: apoptosis, mitochondrial toxicity, and DNA damage. In brief, cells were seeded into 96-well plates then subjected to 24-hour treatments with: tamoxifen (TAM), tacrine (TAC), and terfenadine (TER). The following endpoints were examined: leakage of lactate dehydrogenase (LDH), cell

viability, cell proliferation, caspase 3/7 and 8, and glutathione (GSH) level. A 6point concentration range of 0.0, 3.7, 11.1, 33.3, 100, and 300 µM was tested.
JTC-12 cells exhibited differential responses to each compound. There was no
change in GSH level for any of the compounds tested. Leakage of LDH occurred at
33 µM for both TER and TAM in a concentration-dependend manner but TER
was more potent while TAM induced a higher response than TER at 100 and 300
µM. TAC modestly increased LDH leakage at 300 µM. Cell viability and proliferation was decreased in a concentration dependent manner by all the compounds
with a potency order similar to that of the LDH assay. Caspase 3/7 was induced by
TER and TAM while caspase 8 was not induced by any of the compounds. Caspase
8 levels decreased with increasing concentration, which is probably due to decreases
in cell viability. Finally, comparison studies with hepatocytes from other species will
be presented. In summary, paradigm compounds have demonstrated that JTC-12
cells are responsive in certain in-vitro toxicity assays and may be a suitable model
for investigating in-vitro toxicity in a non-human primate model. Next steps
should include expanding the battery of test compounds, expanding the time-response, expanding the concentration range.

1968

REDUCING ANIMAL USE IN ACUTE SYSTEMIC
TOXICITY TESTING BY USING IN VITRO CYTOTOXICITY
ASSAYS FOR ESTIMATING STARTING DOSES

J. A. Strickland1, 2, M. W. Paris1, 2, S. Casati3, R. R. Tice2, W. S. Stokes2, R.
Lee4, E. Harvey4, J. Haseman5, H. Raabe6, C. Cao7, R. Clothier8, G. Mun4,
A. Sizemore6, G. Moyer6, J. Madren-Whalley6, C. Krishna7, M. Owen8, N.
Bourne9, N. Wenk9 and M. Vallant10. 1Integrated Laboratory Systems, Inc., Research
Triangle Park, NC, 2NICEATM, NIEHS/NIH/DHHS, Research Triangle Park, NC,
3
ECVAM, JRC, Ispra, Italy, 4Constella Group, Durham, NC, 5Consultant, Raleigh,
NC, 6IIVS, Gaithersburg, MD, 7US Army ECBC, Aberdeen Proving Ground, MD,
8
University. of Nottingham, Nottingham, United Kingdom, 9BioReliance Corp.,
Rockville, MD and 10NIEHS, NIEHS/NIH/DHHS, Research Triangle Park, NC.
NICEATM and ECVAM organized a multi-laboratory validation study to evaluate
the use of two neutral red uptake (NRU) in vitro basal cytotoxicity test methods for
predicting starting doses for acute oral systemic toxicity assays such as the Up-andDown Procedure (UDP). IC50 values from 72 coded chemicals tested in the mouse
fibroblast BALB/c (3T3) and normal human keratinocyte (NHK) NRU assays
were used with IC50-oral LD50 regressions to predict LD50 values, which were
then used as starting doses for computer simulated UDP testing. Simulated UDP
testing of each chemical was employed to determine animal use and animal deaths
using the default starting dose or the starting dose determined by each NRU
method. UDP testing was simulated 2000 times for each starting dose for each
chemical. Using the Registry of Cytotoxicity IC50-LD50 regression, average animal savings (compared to the default starting dose of 175 mg/kg) for the test chemicals was 7% for both 3T3 and NHK NRU methods. For chemicals with low in
vivo toxicity, average animal savings were much higher: 23% for 3T3 and 21% for
NHK for chemicals with LD50 = 2000-5000 mg/kg; and 21% for 3T3 and 18%
for NHK for chemicals with LD50 > 5000 mg/kg. For chemicals with LD50 values
near the default starting dose, 50-300 mg/kg, there were no animal savings. Animal
savings using other regressions were also evaluated.
Supported by: N01-ES-35504, N01-ES-75408; EPA IAG DW-75-93893601-0;
European Commission 19416-2002-04 F2ED ISP GB.

1969

THE USE OF MOUSE FIBROBLAST (3T3) AND NORMAL
HUMAN EPIDERMAL KERATINOCYES (NHK)
CYTOTOXICITY ASSAYS FOR ESTIMATING ACUTE
ORAL TOXICITY OF FORMULATIONS AND MIXTURES

J. Charles1, J. Strickland1, M. Paris1, R. Tice2 and W. Stokes2. 1Intergrated
Laboratory Systems, Inc., Research Triangle Park, NC and 2NICEATM,
NIEHS/NIH/DHHS, Research Triangle Park, NC.
The Registry of Cytotoxicity (RC), which consists of in vivo acute oral toxicity data
from rats and mice and in vitro cytotoxicity data from multiple mammalian cell
lines for 347 chemicals, was published in 1998 (Halle 1998). A regression model
constructed from these data was proposed by ZEBET, the German National Center
for the Documentation and Evaluation of Alternative Methods to Animal
Experiments, as a method to reduce animal use by identifying the most appropriate
starting doses for acute oral systemic toxicity tests (Halle 1998; Spielmann et al.
1999). The regression line, however, presents LD50 data in mmoles/kg body
weight making it unsuitable for formulations and mixtures. NICEATM/ECVAM
has performed a validation study to evaluate 3T3 and NHK cells in basal cytotoxicity assays with a neutral red uptake (NRU) cell viability endpoint to predict starting doses for the acute oral Up-and-Down Procedure (UDP). Linear regression
models were determined using the log rat LD50 (mg/kg) versus the log IC50
(µg/mL) for the 55 RC chemicals evaluated in this study. This regression line was
compared to a similarly derived regression utilizing the RC dataset for these chemi-

cals and was found to be in agreement. A review of the NICEATM/ECVAM data
and the RC data confirms that those chemicals with known mechanisms of toxicity
(i.e., cholinesterase inhibitors, etc.) or those requiring metabolic activation are
often discordant with the model. By removing these chemicals from the analysis, a
newly derived linear regression utilizing the RC dataset of rat LD50 values
(285/347 chemicals) in mg/kg body weight may be suitable for estimating the starting doses for rat LD50 determinations for formulations and mixtures using the
UDP. A similar model can be derived for the mouse utilizing the RC dataset
(242/347 chemicals). Supported by NIEHS contract N01-ES-35504.

1970

REPRODUCIBILITY ANALYSES FOR IN VITRO
NEUTRAL RED UPTAKE METHODS FROM A
VALIDATION STUDY TO EVALUATE IN VITRO
CYTOTOXICITY ASSAYS FOR ESTIMATING RODENT
ACUTE SYSTEMIC TOXICITY
M. Paris1, 2, J. Strickland1, 2, S. Casati3, R. Tice2, W. Stokes2, H. Raabe4, C.
Cao5, R. Clothier6, J. Harbell4, G. Mun4, A. Sizemore4, G. O. Moyer4, J.
Madren-Whalley5, C. Krishna5, M. Owen6, N. Bourne6, E. Harvey8, R. Lee8,
J. Haseman7, P. Crockett8, M. Wenk9 and M. Vallant10. 1Integrated Laboratory
Systems, Inc., Research Triangle Park, NC, 2NICEATM, DHHS/NIH/NIEHS,
Research Triangle Park, NC, 3ECVAM, JRC, Ispra, Italy, 4IIVS, Gaithersburg, MD,
5
US Army ECBC, Aberdeen Proving Ground, MD, 6University. of Nottingham,
Nottingham, United Kingdom, 7Private Consultant, Raleigh, NC, 8Constella Group,
Durham, NC, 9BioReliance Corp., Rockville, MD and 10NIEHS, DHHS/NIH,
Research Triangle Park, NC.
In a multi-laboratory validation study, 72 coded chemicals with a wide range of
toxicities were tested in vitro using the neutral red uptake (NRU) basal cytotoxicity
assay with BALB/c mouse fibroblast cells (3T3) and normal human keratinocytes
(NHK). Intra- and inter-laboratory reproducibility of the IC50 for the positive
control, sodium laurel sulfate (SLS), was assessed over the 2.5-year study using
ANOVA and regression. Interlaboratory reproducibility of the test chemical results
was assessed using ANOVA and coefficient of variation (CV) analysis and by comparison of lab-specific IC50-rat oral LD50 regressions. The ANOVA for SLS, for
both cell types, showed significant differences within and among the labs and the
linear regression analysis over time yielded a very small slope. For the test chemicals,
ANOVA identified lab differences for 26 chemicals in the 3T3 assay and 7 chemicals in the NHK assay. The mean intralaboratory CV was 26% for both test methods, while the mean interlaboratory CV was 46% for 3T3 and 28% for NHK cells.
Lab-specific linear IC50-LD50 regressions for each test method were both the
same. Comparison of the mean IC50 values for the 58 study chemicals common to
the Registry of Cytotoxicity (RC) yielded a high correlation (r=0.955 for 3T3;
r=0.824 for NHK).
Supported by: N01-ES-35504, N01-ES-75408; EPA IAG DW-75-93893601-0;
European Commission 19416-2002-04 F2ED ISP GB.

1971

AN INTEGRATED TESTING APPROACH FOR THE
SAFETY EVALUATION OF NEW AND EXISTING
CHEMICALS
I. Gubbels1, B. Blaauboer2, I. Meerts1, H. Barentsen1, M. Hoitink1 and J. v.d.
Hoeven1. 1Regulatory Affairs, NOTOX B.V., ‘s-Hertrogenbosch, Netherlands and
2
Institute for Risk Assessment Sciences, Utrecht University, Utrecht, Netherlands.
In current practice hazard assessment strongly relies on testing in laboratory animals. We investigated the possibilities to apply an integrated test approach without
animal testing to a group of ten industrial chemicals including and combining the
following methods:
-(Q)SARs: DEREK,TOPKAT,ECOSAR
-In vitro cytotoxicity in human lymphocytes and in rat hepatocytes.
-Metabolic clearance in rat hepatocytes.
-A standard PBBK model to simulate the compound’s kinetic behaviour in an acute
oral toxicity study and an oral 28-day repeated dose toxicity study in rats.
-Eye irritation potential was assessed using the BECAM assay developed by NOTOX.
Based on these data the investigators predicted the different endpoints based on
predefined criteria and compared predictions with the outcome of the in vivo tests.
The results for fish toxicity, skin and eye irritation and acute dermal toxicity were
very promising (>70% correct).
For systemic endpoints predictions over-estimated the toxicity of the compounds
(oral LD50 and repeated dose toxicity 5/10 and 2/10 correct predictions, respectively). Application of the PBBK model was shown to improve the predictions. A
plausible explanation for this outcome is overestimation of toxicity due to the low
cell density in in vitro cell systems, presence of proteins and the logKow of the substance. In addition, the worst case assumptions for absorption (rate) from the gastro-intestinal tract and protein bound fraction as well as limited information on
metabolism may have exaggerated this effect. It is considered encouraging that except for one substance all systemic toxicity was over-predicted as a result of the
worst case assumptions, but further refinement of the method is necessary.
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For these ten substances the integrated approach would have led to a reduction of
animals of 38%. This should encourage registration authorities to incorporate the
approach as proposed here at short notice, also in the light of the upcoming
REACH regulations.

1972

EFFECT OF SUBACUTE DAILY REPEATED EXPOSURE
TO 18 CHEMICALS ON CULTURED IMMORTAL
HUMAN INTESTINAL EPITHELIAL CELL VIABILITY
S. J. Pai and F. A. Barile. Pharmaceutical Sciences, St. John’s University College of
Pharmacy, Jamaica, NY.
The effect of repeated daily exposure of various cytotoxic compounds on human
immortal intestinal epithelial cell cultures was investigated using Caco-2 cells. The
study was conducted to investigate the effects of variable concentrations of chemicals on confluent monolayers for 48-h and 96-h daily repeated dosing; toxicity was
monitored using the MTT cell viability assay. Separately, at the end of the 2-d and
4-d incubation period, monolayers were prepared for the MTT assay. IC50s were
calculated after construction of the concentration-effect curves and the data was
subjected to the students’ t-test for paired sample means. In addition, confluent
monolayers were radiolabeled with [3H]-TYR or [3H]-GLY in MEM for 24-h in
the presence of the same chemicals. Newly synthesized proteins were precipitated
and separated by molecular weight on an AcA-34® agarose gel matrix. The data
suggest that there was a significant difference between the IC50s of the 48-h & 96h repeated dosing schedules. In fact, IC50s from 96-h repeated exposure were consistently lower than 48-h repeated exposures. Other comparisons including 48-h repeated dosing vs. 24-h single dosing (from previous data), and 96-h repeated
dosing vs. 72-h single dosing (from previous data), did not demonstrate statistically
significant differences, although the 96-h IC50s were ostensibly lower than 72-h.
Isolated newly synthesized proteins, for which tight junction proteins occludin (65
kDa) and claudin-2 (24.5 kDa) preferentially incorporate 5%-10% of [3H]-TYR or
[3H]-GLY, could be separated on the agarose gel column, but quantitative estimation was inconclusive. The study demonstrates that repeated daily dosing of cultured cells for at least 96-h is necessary to mimic the in vivo frequency of daily exposure to drugs and chemicals. (Supported in part by NIH/NIEHS/AREA R15
ES012170-02).

1973

CORRELATION OF IN VITRO CYTOTOXICITY WITH
PARACELLULAR PERMEABILITY IN MORTAL RAT
INTESTINAL CELLS
R. Konsoula and F. A. Barile. Pharmaceutical Sciences, St. John’s University College
of Pharmacy, Jamaica, NY.
The rat small intestinal cell line, IEC-18, was used as an in vitro model to differentiate between acute cytotoxicity (AC) and paracellular permeability (PP) of selected
chemicals. The study compares the lower resistance-generating rat intestinal mortal
cell line, IEC-18 (transepithelial electrical resistance, TEER = 150±10 Ω-cm2),
with the higher resistant human intestinal carcinoma cell line, Caco-2 (TEER =
900±100 Ω-cm2). For PP studies, IEC-18 cells were grown on polycarbonate inserts and TEER was measured after 9-10 days. Lucifer yellow, FITC-dextran (fluorescent dyes), and [3H]-mannitol were used as PP markers. MTT assay was used as
a cell viability indicator for AC studies with cells grown in 96 well plates. The results indicate that IC50s generated with the MTT assay are lower than those determined with TEER measurement. This pattern is similar to that seen in our previous
studies with Caco-2 cells. In addition, detection of the influence of chemical insult
on passive paracellular transport was more sensitive using [3H]-mannitol than the
comparable fluorescent dyes. Our cell viability and paracellular studies now suggest
that IEC-18 is more sensitive to cytotoxic insult than the Caco-2 cell line. The in
vitro model for passive transport thus allows for the differentiation between the
concentrations necessary for acute cytotoxicity and those needed to interfere with
PP. Development of an in vitro test system for PP, in combination with AC,
strengthens the reliability of the intestinal cell assay. Thus, we propose that the in
vitro model be used to compute a formula which can “normalize” and improve the
predictive ability of in vitro AC assays for in vivo lethality. (Supported in part by
NIH/NIEHS/AREA R15 ES012170-02).
EFFECT OF TRACE METALS ON β-ACTIN EXPRESSION
AND NEWLY SYNTHESIZED PROTEINS IN CULTURED
HUMAN INTESTINAL EPITHELIAL CELLS
A. R. Calabro and F. A. Barile. Pharmaceutical Sciences, St. John’s University College
of Pharmacy, Jamaica, NY.
The synthesis and structural integrity of tight junction proteins are crucial in determining the cytotoxicity of many compounds. β-actin is an important structural
protein associated with anchoring tight junctions to the cell scaffold. In this study,
we examined the effect of trace metals (As, Cd, Cu, Hg, Mn, & Ni) on the synthesis of β-actin in the human intestinal immortal epithelial cell line, Caco-2. [3H]GLY and [3H]-TYR were used as indicators of newly synthesized cellular proteins.
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In addition, expression of mRNA for β-actin was monitored in the presence of increasing concentrations of metals. The data indicate that incorporation of amino
acids into newly synthesized proteins decreased proportionately to increasing concentrations of metals. The decrease in newly synthesized proteins, of which β-actin
represents about 10%, correlated with a lower expression of mRNA for β-actin. In
fact, IC50s determined for protein synthesis and mRNA expression were lower
than IC50s previously published using cell viability assays (MTT, NRU). These results suggest that trace metals downregulate expression of mRNA for β-actin and
interfere with production of newly synthesized proteins before cell viability is compromised. Consequently, reverse PCR and incorporation of radiolabeled amino
acids may be more sensitive methods in assessing cytotoxicity in continuous cell
lines. (Supported in part by NIH/NIEHS/AREA R15 ES012170-02).

1975

USE OF CRYOPRESERVED PRIMARY NEURONAL CELLS
FOR TOXICITY SCREENING IN MULTIWELL CELL
CULTURE
A. Krantis1, 2, B. Tinner3, S. VandenHoek3 and W. A. Staines1. 1Cellular&
Molecular Medicine, University Ottawa, Ottawa,, ON, Canada, 2Centre for
Research in Biopharmaceutics & Biotechnology, University of Ottawa, Ottawa, ON,
Canada and 3QBM Cell Science, Ottawa, ON, Canada. Sponsor: M. Aschner.
Primary neuronal cell cultures are superior to cell lines, whether neuronal or otherwise, since they express targets specific for neurotoxins, and allow for more accurate
and rapid examination of neuropharmacology, toxicity and toxic mechanisms.
Neurons are also the most toxicant sensitive cell type, affording detection of a broad
range of lethal as well as more subtle toxic effects on cell physiology. We have previously reported the application of cryopreserved primary neuronal cells from the rat
brain for multiwell cell culture studies. Others report their suitability for high content screening (HCS) neurite outgrowth assays. AIM: In this study we examined
the susceptibility of cryopreserved rat brain neuronal cells to neurotoxic stress in
primary culture and their suitability for employment in multiwell toxicity/activity
assay screens. METHOD: Cryopreserved primary neuronal cells prepared from rat
cortex, striatum and ventral mesencephalon (from QBM Cell Science) were examined in culture for the effects of general or neurochemically-selective oxidative stress
and excitotoxic agents. The cryopreserved cells, were thawed and cultured on a
feeder layer of rat brain astrocytes in 96 and 384 well culture plates for up to 14
days. RESULTS: By day 10, the neuronal cell cultures displayed typical neurite networks and morphology. On day 14, wells were treated for 40min-24hrs with either
6-hydroxydopamine, 5,7 dihydrotryptamine, H2O2 (50-200µM), or kainic acid
(100-200 µM) and assayed. We utilised the rapid caspase assay FAM FLICA
(Immunohistochemistry.com) for detecting apoptotic cells. We found a time dependent neurotoxicity, with Kainic acid treatment causing maximal cell death at
t=4hrs vs H2O2 which was equally effective at t=24hr. CONCLUSION: These results show the ease of application and sensitivity of cryopreserved rodent brain neuronal cells for multiwell plate-based cell culture assay of oxidation or other toxicant
induced neurotoxicity.

1976

FURTHER VALIDATION OF AN IN VITRO
NEUROTOXICITY DATABASE
A. D. Weissman. NovaScreen Biosciences, Caliper Life Sciences, Hanover, MD.
To enhance the predictive capabilities of in vitro neurotoxicity testing we employed
a battery of endpoints that include functional and general cytotoxicity assays in
cells that share some phenotypic similarity to those found in the nervous system.
This approach seeks to validate the ability of in vitro toxicity testing to predict
known neurotoxic effects of compounds observed in vivo. Previously, we tested a library of over 200 drugs and related compounds for their toxicity in both a proliferative (SKNMC) and differentiated (NT2) human neuronal cell line. Based on these
initial results we screened an additional 800 drugs and chemicals across five measures of cellular toxicity at six concentrations in duplicate across seven days of treatment in these same cells. This information, together with earlier results is incorporated into a relational database annotated with chemical structure, animal LD50
values and information about human neurotoxicity. The resulting cell screening
data shows strong correlations among in vitro toxicity measures as well as significant correlations with animal and human toxicity data. This database will be further expanded and should be useful for the virtual screening of compounds for neurotoxicity during a very early stage in their development.

1977

TOXICITY RISK ASSESSMENT OF CARICA PAPAYA
LEAVES AQUEOUS EXTRACT IN ALBINO RATS
(RATTUS NOVEGICUS)
E. B. Tungla1 and H. M. Lantum2. 1Department of Biochemistry, University of
Yaounde I, Yaounde, Cameroon and 2African Society for Toxicological Sciences
(ASTS), Rochester, NY.
The Carica papaya leaves are used in folklore medicine for numerous purposes,
some of which involve drinking portions of water-based fluid containing the
ground leaves. This study investigated the acute and subchronic biochemical toxic-

ity of aqueous extracts of C. papaya leaves in albino rats and compared its toxicity
with that of aflatoxin as positive control. Five groups of 5 male rats, I, II, III, IV and
V, respectively received daily oral doses of 200, 500 or 1000 mg/kg wet wt. of aqueous extract of C. papaya leaves, 0.2 ml/100 g aflatoxin B1 administered intra-muscularly, and water administered orally a negative control for 14 days. Body weights,
clinical signs for toxicity and mortality were monitored daily. Rats treated with the
highest dose of aqueous C. papaya extracts had reduced weight gain compared with
control values (group I = 24%, II = 28%; III = 19%, IV = 5% and control (V) =
27%). Clinical chemistry signs of toxicity were observed only in groups III and IV
and consisted of elevated serum activities of aspartate transaminase, alanine
transaminase and alkaline phosphatase. Positive histological findings included hepatocyte dystrophy, slight liver necrosis, renal damage and erythropoiesis. Lower
dose-groups I and II produced mild changes in the liver. No rat dosed with the extract died during the study. These data indicate that oral exposure to the aqueous C.
papaya extract as used in folklore medicine has the potential to cause liver& kidney
and altered erythropoiesis in humans.

1978

CHEMOPROTECTIVE POTENTIAL OF NARINGENIN, A
NATURALLY OCCURRING CITRUS FLAVANONE, IN
DOXORUBICIN INDUCED CLASTOGENICITY

S. M. Nataraj, R. Reddy, E. Kannan and S. Bhojraj. Pharmacology and Toxicology,
J.S.S. College of Pharmacy, Ootacamund, Tamilnadu, India. Sponsor: P. Bommu.
Doxorubicin (Dox), an anthracycline antibiotic, is a potent broad-spectrum
chemotherapeutic agent. However, the clinical uses of Dox have been restricted due
to the dose-limiting toxicity of normal and healthy cells including cardiotoxicity,
myelotoxicity and hematological toxicity. Increased oxidative stress as well as antioxidative deficits has been suggested to play a major role in Dox toxicity.
Flavonoids have been reported to exhibit a wide range of biological effect and they
may play a dietary role in protection against chronic diseases such as cancer and
cardiovascular diseases.
The effect of naringenin (NAR), on the clastogenicity induced by Dox (15 mg/kg,
i.v.) was investigated in the Swiss albino mice. The findings of the present study
show that there was a significant increase in the frequency of micronuclei in the animals treated with Dox. Where as the frequency of micronuclei was decreased in animals pretreated with NAR (10, 20 and 40 mg/kg body weight) when compared to
Dox treated animals.
The chemoprotective property of NAR on Dox induced apotosis in V79 cells was
also investigated. The results reveal that there was a significant decline in the percentage of apoptotic cells compared to the cultures treated with Dox in dose dependent manner.
The findings of the present study further corroborated by the formation of DNA
ladder in V79 cells. The detectable internucleosomal DNA fragmentation with
characteristic DNA ladder was observed in Dox (100 microgram/mL) exposed cells
for 3 hours. Where as it was abrogated in the presence of NAR treated cells (0.5mM
and 1.0 mM). It suggests that reduction in nucleosomal DNA fragmentation was
observed with NAR.
The antioxidant property of citrus flavanone NAR is well studied. The inhibitory
activity on Dox toxicity may be due to the free radical scavenging and antioxidant
nature of the NAR may be one of the reason. Further studies on the mechanism of
action of NAR on Dox toxicity are on progress.

1979

LONG-TERM EXPOSURE EFFECTS OF A NOVEL
PHYTOCHEMICAL-NUTRACEUTICAL MIXTURE
(METABOLIC NUTRITION SYSTEM-PLATINUM) ON
SERUM BIOCHEMISTRY AND HISTOPATHOLOGY OF
SEVEN VITAL TARGET ORGANS OF B6C3F1 MICE

S. D. Ray1, S. Patel1, J. Rathod1, N. Patel1, E. Bulku1, D. Zinkovsky1, R. M.
Hackman2 and S. J. Stohs3. 1Divi. of Pharmacology. Scs., Long Island University.,
Brooklyn, NY, 2Department . of Nutrition, University. of California, Davis, CA and
3
AdvoCare International, Carrolton, TX.
Dietary supplements are used by a majority of the US population on at least an occasional basis. Consumers are extremely interested in safeguarding their health and
prefer disease-curing and preventing products in an easily consumable form.
Despite its growing pains, the nutraceutical industry continues to expand showing
no signs of slowing down. We have recently shown the safety of a caffeine and
ephedra containing metabolic nutrition system in an in vivo animal model
(Arch.Toxicol.79:330-340,2005). The present study evaluated the safety of a modified metabolic nutrition system (MNS-Platinum-AdvoCare) on serum biochemistry and organ histopathology in mice. MNSP is a unique combination of vitamins, minerals, omega-3 fatty acids, selected amino acids, antioxidants, and an
admixture of herbal extracts designed to provide a strong foundation of nutritional
support, enhance thermogenesis and boost energy levels. MNSP contains a series of
beneficial phytochemicals, including standardized extracts of citrus, ginkgo, green
tea, gymnema, grape, kola nut, guarana, coleus, polygonum, eleuthero, artichoke,

garcinia, milk thistle, and ocimum. Female B6C3F1 mice were fed control (MNSP) or MNSP (1X, 2X and 10X, 1X=daily human dose) diets and sacrificed
after 3 and 6 mo. Serum chemistry analysis and histopathological examination of
liver, kidney, heart, brain, lung, spleen, and duodenum sections revealed that
MNSP exposure did not adversely affect serum chemistry(proteins, lipids and carbohydrate profiles), integrity of the genomic DNA of the liver and tissue architecture. MNSP-exposed animals were more active compared to controls. The results
suggest that long-term MNSP exposure produces normal serum chemistry in mice
fed up to ten times the normal human dose and does not adversely influence any of
the vital target organs [Supp. by AdvoCare, Carrolton, TX].

1980

SAFETY EVALUATION OF AN ALPHA AMYLASE (EBS-2)
PRODUCED FROM BACILLUS LICHENIFORMIS
Q. Q. Bui1, C. N. Edwards2 and A. Christensen2. 1Genencor International Inc.,
Palo Alto, CA and 2Scantox A/S, Lille Skensved, Denmark.
EBS-2 is a Geobacillus stearothermophilus alpha-amylase enzyme expressed in a
non-pathogenic and non-toxigenic B. licheniformis and produced through pure
culture fermentation. The alpha-amylase gene was protein-engineered to increase
thermostability, an important criteria in the hydrolysis of starch. A battery of toxicology studies designed to demonstrate the product is safe for its intended uses was
performed following the guidelines recommended by Pariza and Johnson (2001).
Acutely, EBS-2 is not irritant to the skin or eyes. No genotoxicity was observed in a
bacterial reverse mutation (treat and plate method) up to cytotoxic dose levels in
both +/- metabolic activation. In an in vitro assay using peripheral human lymphocytes, no significant increases in the frequency of metaphases with chromosomal
aberrations were noted up to concentrations associated with 50% reduction in mitotic index, both +/-S-9. In a 90-day study in Sprague Dawley rats, daily gavage of
EBS-2 up to and including a dose level of 64 mg total protein/kg/day (700 mg
TOS/kg/day) did not result in any biological or statistical differences in body
weight, feed consumption, hematology, clinical chemistry, organ weights, clinical
observations, opthalmologic examinations and histopathology. No statistically significant changes were noted in FOB conducted at week 12. The NOAEL was established at the highest dose tested. EBS-2 is used primarily as a processing aid for
starch hydrolysis of corn based syrup and sweeteners. The per capita consumption
of corn based syrup and sweeteners is 1.69 g/kg bw/day (USDA, 2003) and the
maximum dosage of alpha amylase is 1 g/kg dry starch. The estimated worst-case
daily intake of EBS-2 is 0.17 mg/kg bw. The NOAEL of 64 mg total protein/kg/day
would offer more than a 300 X margin of safety. Collectively, the historic safety profile of the production organism B. licheniformis and the results of the toxicology
studies attest to the safety of EBS-2 alpha amylase for human consumption.

1981

SUBACUTE ORAL TOXICITY OF PHASE 2 STARCH
NEUTRALIZER™ (PHASE 2®), A STANDARDIZED
WHITE KIDNEY BEAN (PHASEOLUS VULGARIS)
EXTRACT IN RATS
D. H. Bechtel1, K. Vega1 and M. Skop2. 1CANTOX US Inc., Bridgewater, NJ and
2
Pharmachem Laboratories, Inc., Kearny, NJ.
Dietary supplements containing “starch blockers” may reduce carbohydrate-derived
calories by interfering with α-amylase, the digestive enzyme responsible for conversion of complex carbohydrates to simple, absorbable sugars. The present paper reports the findings of a 28-day oral toxicity GLP study in rats of Phase 2 Starch
Neutralizer™ (Phase 2® or Phaseolamin 2250®), a standardized extract derived
from the common white kidney bean (Phaseolus vulgaris) that has been shown to
have α-amylase-inhibiting activity in vitro and is used in several marketed dietary
supplements. Eighty male and female Sprague-Dawley rats (10 animals/sex/group)
received Phase 2® via oral gavage at doses of 0, 625, 1250, or 2500 mg/kg for 28
consecutive days. Animals were monitored during the study for mortality, clinical
signs, body weights, food consumption, hematology, clinical chemistry, and urinalysis. At necropsy, terminal body weights were obtained; organ to body weight ratios
were calculated for liver, brain, spleen, kidneys, heart, ovaries and testes, adrenals,
thymus, and epididymides. Samples of brain, spinal cord, lungs, trachea, thymus,
heart, liver, salivary glands, sternum with bone marrow, adrenals, spleen, kidneys,
thyroid/parathyroid, urinary bladder, ovaries, testes, uterus, vagina, and pancreas
from control and high dose animals were fixed and preserved for histopathological
examination. The results of this study demonstrate the safety of Phase 2 Starch
Neutralizer™.

1982

CHRONIC TOXICITY EVALUATION OF A
CHARACTERIZED SOY ISOFLAVONE MIXTURE IN RATS
W. D. Johnson1, T. L. Horn1, R. L. Morrissey2, I. M. Kapetanovic3, J. A.
Crowell3 and D. L. McCormick1. 1IIT Research Institute, Chicago, IL, 2Pathology
Associates, Chicago, IL and 3National Cancer Institute, Bethesda, MD.
Epidemiology data suggest an inverse association between consumption of soy
products and the risk of human cancer. Isoflavones may be responsible for this protection, as genistein and other isoflavones inhibit carcinogenesis in several animal
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models. To support the preclinical development of soy isoflavones for cancer prevention, a chronic study was conducted in rats to evaluate the toxicity of PTI G2535 (Isoflavones 70), an isoflavone mixture containing 45% genistein, 23%
daidzein, and 4% glycitein. CD rats (25/sex/group) received daily oral (gavage) exposure to PTI G-2535 at doses of 0, 100, 500, or 1000 mg/kg body weight for six
months. Toxicologic endpoints included survival, body weight, food consumption,
clinical signs, ophthalmology, hematology, clinical chemistry, coagulation, plasma
drug levels, organ weights, gross pathology, and microscopic pathology. Dose-related decreases in food consumption and body weight gain were seen in both sexes
exposed to PTI G-2535. Clinical observations and clinical chemistry failed to identify any biologically significant effects in either sex; dose-related increases in coagulation times (PT, APTT), and transient, dose-related decreases in red cell parameters (RBC count, hematocrit, hemoglobin) were seen in females. Histopathology
identified the liver (centrilobular hypertrophy, periportal fatty change in mid- and
high-dose animals of both sexes) and bone marrow (hematopoietic cell hyperplasia
in high dose males) as target organs for the toxicity of PTI G-2535. Microscopic
changes were also seen in hormone-dependent tissues in high dose males (chronic
prostatic inflammation) and in mid- and high dose females (depletion of corpus luteum, mammary gland lactation). The No Observed [Adverse] Effect Level
(NO[A]EL) for chronic administration of PTI G-2535 to male rats is 100
mg/kg/day. A NO[A]EL could not be established for chronic administration of PTI
G-2535 to female rats. (N01-CN-25129)

1983

CHRONIC TOXICITY EVALUATION OF A
CHARACTERIZED SOY ISOFLAVONE MIXTURE IN DOGS

J. Harder1, W. D. Johnson1, R. L. Morrissey2, I. M. Kapetanovic3, J. A.
Crowell3 and D. L. McCormick1. 1IIT Research Institute, Chicago, IL, 2Pathology
Associates, Chicago, IL and 3National Cancer Institute, Bethesda, MD.
A growing epidemiologic and experimental database suggests that soy isoflavones
may have useful activity in cancer prevention in the breast, prostate, and other organs in both humans and experimental animals. G-2535 (Isoflavones 100) is a mixture of soy isoflavones that contains 70% genistein, 27% daidzein, and 0.3%
glycitein. As part of the preclinical development of G-2535 for cancer prevention, a
chronic study was conducted to evaluate its toxicity in dogs. Beagle dogs
(4/sex/group) received daily oral (capsule) administration of G-2535 at doses of 0,
70, 350, or 700 mg/kg body weight for nine months. Toxicologic evaluations included survival, body weight, food consumption, clinical observations, ophthalmology, electrocardiography, hematology, clinical chemistry, coagulation, urinalysis, plasma drug levels, organ weights, gross pathology, and microscopic pathology.
Daily oral administration of G-2535 had no effect on survival, body weight, food
consumption, clinical signs, ophthalmology, or electrocardiography. G-2535 had
no biologically significant effects on hematology, clinical chemistry, coagulation, or
urinalysis endpoints. Gross necropsy findings were unremarkable. Microscopic
changes in both sexes were limited to hormone-dependent tissues, and suggested
weak estrogenic activity. In female dogs, treatment-related hyperplasia of the corpora lutea and mammary epithelium were observed. Female dogs exposed to G2535 also demonstrated dose-related increases in the severity of hyperplasia of
“Sertoli-like” cells in the ovaries. Male dogs in the mid- and high dose groups
demonstrated increasing severity of focal prostatic atrophy. The No Observed
[Adverse] Effect Level (NO[A]EL) for chronic administration of G-2535 to male
dogs is 70 mg/kg/day. Because microscopic changes were identified in all dose
groups, a NO[A]EL could not be established for chronic administration of G-2535
to female dogs. (N01-CN-25129)

1984

EFFECTS OF SYNEPHRINE AND CAFFEINE ON
PHYSIOLOGICAL AND CARDIOVASCULAR VARIABLES
IN FEMALE SPRAGUE-DAWLEY RATS

P. Duffy1, G. White1, K. Wall1, S. Appana1, L. Pellicore2 and D. Hansen1.
1
Division of Genetic and Reproductive Toxicology, National Center for Toxicological
Research, Jefferson, AR and 2Division of Dietary Supplement Programs and
Compliance, Center for Food Safety and Applied Nutrition, College Park, MD.
Sponsor: M. Moore.
Little is known about possible adverse health effects of dietary supplements containing the adrenergic amine synephrine (S). The purpose of this study was to determine acute physiological and cardiovascular effects of S with/without the addition of caffeine (C) in rats. Telemetric physiological transmitters intermittently
measured physiological variables such as body temperature, motor activity, blood
pressure, and electrocardiography for a baseline period of 5 days in young female
rats dosed once daily with the vehicle (methyl cellulose). Then, the same rats
(8/dose level) received a daily gavage dose of S (0, 25, 50, 100, 250, or 500 mg/kg)
for 5 days. The same doses were repeated with the addition of C (25 mg/kg) for 5
days. Data were obtained during the baseline period and up to 4.0 hours after dosing. Diastolic, systolic, and pulse blood pressure, heart rate, and temperature were
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increased and QA interval was decreased in the 500, 250, and 100 mg/kg dose
groups at one or more time intervals. Similar results were obtained when C was
added to the S dose. Episodes of torpor were observed in all dose groups except the
25 and 50 mg/kg S and the 25mg/kg S + C groups. Few effects were seen in the 25
mg/kg S and 25 mg/kg S + C groups except for a slight decrease in the QA interval; the effects on other variables were minimal. The magnitude and duration of
the cardiovascular effects were increased at the higher doses; periods of hyperactivity, ataxia, and excess salivation were also observed in the S and S + C groups at
250 and 500 mg/kg. The mortality rate was 12.5% in the 500 mg/kg S and 250
mg/kg S + C groups with apparent contributing factors being cardiac arrhythmias
such as prolonged QT intervals, elevated ST segments, and ventricular fibrillation.
These results suggest that S alone and S + C produce toxic effects in rats at doses
above 25 mg/kg.

1985

EFFECT OF PHYLLANTHUS MADERASPATENSIS, A
DIETARY SUPPLEMENT ON CISPLATIN INDUCED
CLASTOGENICITY IN CULTURED HUMAN
LYMPHOCYTES

P. Bommu, M. Nanjan, M. Chandrasekar and B. Suresh. TIFAC CORE in
Herbal Drugs, J.S.S College of Pharmacy, Ootacamund, Tamilnadu, India.
Several studies have suggested that dietary supplementation with antioxidants can
influence the response to chemotherapy as well as the development of adverse side
effects that result from treatment with antineoplastic agents. Cisplatin (cDDP), one
of the most potent antitumor drugs, is active against a variety of neoplasms. The
antitumor action of cDDP is attributed to its action on DNA synthesis. However,
the use of cDDP is limited because of its toxicity. The generation of free radicals is
believed to be an important mechanism in the development of cDDP toxicity.
The present study was undertaken to investigate the ability of hydro alcoholic extract of Phyllanthus maderaspatensis (PME), a popular Indian dietary supplement
to induce micronuclei in human lymphocytes in vitro and to examine the possible
anticlastogenic effect of this plant in micronuclei induced by the clastogen cDDP.
Human blood samples were obtained from six healthy, nonsmoking volunteers; two
females and four males aged 18–35 years. The concentrations of PME (25, 50 and
100 µg/mL) was tested alone and also in combination with cDDP (0.5 µg/mL).
The data obtained indicate that PME was not cytotoxic or clastogenic, when compared to untreated control. A significant decline in the micronuclei induction at all
doses of PME was seen in all cultures treated with cDDP. The efficiency of PME in
reducing the effect of cDDP on lymphocyte micronuclei is found to be concentration dependent. Cultures simultaneously treated with PME and cDDP showed a
significant reduction in micronuclei. In our experiments, PME seems to act as a potent antioxidant by scavenging free radicals.
Our study suggested that the PME may act as a protective agent against clastogenic
effects of antitumor agents, which might due to its antioxidative property. The active constituent, quercitin, a flavanoid was identified and quantified by HPLC.
However, extensive studies are necessary to elucidate the definite mechanism of action of Phyllanthus maderaspatensis before its therapeutic use.

1986

THE ANTHOCYANIDIN DELPHINIDIN ACTS AS A
CATALYTIC TOPOISOMERASE I AND II INHIBITOR,
SUPPRESSING THE DNA-DAMAGING PROPERTIES OF
TOPOISOMERASE POISONS IN-VITRO

D. Marko and J. Fritz. Institute of Applied Biosciences, University of Karlsruhe,
Karlsruhe, Germany. Sponsor: M. Metzler.
Anthocyanins are natural occurring coloured plant constituents, widely spread in
fruits and vegetables of the daily diet. In the last years anthocyanin preparations
have gained increasing popularity on the fast expanding market of food supplements. Products are available enabling an enhancement of the daily intake up to a
several fold above the habitual amount, raising the question whether such an enhanced intake might eventually be associated with adverse health effects. In the
present study we investigated the effect of anthocyanidins on human topoisomerases I + II and its relevance for DNA integrity within human cells.
Anthocyanidins bearing vicinal hydroxyl groups at the B-ring (delphinidin, del;
cyanidin, cy) were found to potently inhibit the catalytic activity of human topoisomerases I and II. However, in contrast to topoisomerase poisons, del and cy did
not stabilize the covalent DNA-topoisomerase-intermediate (cleavable complex).
Using recombinant topoisomerase I, the presence of cy or del (≥ 1 µM) effectively
prohibited the stabilization of the cleavable complex by the topoisomerase I poison
camptothecin. We furthermore investigated whether the potential protective effect
versus topoisomerase poisons is reflected also on the cellular level, affecting the
DNA damaging properties of these compounds. Indeed, in HT29 cells low micromolar concentrations of del (1-10 µM) significantly diminished the DNA strand
breaking effect of the topoisomerase I poison camptothecin or the topoisomerase II

poison doxorubicin. In summary, the anthocyanidins cy and del were identified as
catalytic topoisomerase inhibitors, suppressing the DNA-damaging effects of topoisomerase I and II poisons in-vitro.
(Supported by the Deutsche Forschungsgemeinschaft, grant MA1659/4-1,2)

1987

THE COMBINED EFFECT OF ISOFLAVONE AND E2
ON VAGINAL OPENING OF FEMALE MICE
1, 2

1, 2

1, 2

1, 2, 3

K. Takashima-Sasaki , H. Fukata , C. Mori and M. Komiyama
.
1
Bioenvironmental Medecine, Graduate School of Medicine, Chiba University, Chiba,
2
Japan, Environmental Health Science Project for Future Generations, Graduate
School of Medicine, Chiba University, Chiba, Japan and 3Center for Environment,
Health and Field Sciences, Chiba University, Kashiwa, Japan.
Isoflavone (IF), which is one of the phytoestrogens, is contained in the Asian traditional diet. Some estrogen-like compound exposures in fetuses and neonates may
cause delayed long-term adverse health effect. In our preliminary study, we fed
mother C57BL/6 mice and their pups with an IF-free purified diet (IF-free group)
or the purified diet supplemented with 0.05% IF (0.05%-IF group) chronically. In
female pups of 0.05%-IF group, the vaginal opening (VO) day was about one week
earlier than that of IF-free group. In this study, we have investigated (1) whether IF
exposure has a critical window in the acceleration of pup’s VO, and (2) the combined effect of IF and 17β-estradiol (E2) exposure in the critical window on the acceleration of pup’s VO.
First, mice were fed with 0.05%-IF during pregnancy, postnatal day (PND) 1-14,
or PND 15-28. As a result, pup’s VO occurred on PND 22.9, about 2.5 days earlier
than control significantly, in the group exposed to IF during PND15-28. By dividing this period into PND15-28 into PND15-21 and 22-28, we clarified the critical
window on the acceleration of pup’s VO was PND15-21. Next, pups were gavaged
E2 on PND15 under IF-free condition. We found that the VO day was accelerated
in an E2-dose-dependent manner and the critical dose of appearance of VO acceleration was between 4 and 20 µg/kg body weight. In the final investigation, pups
were gavaged E2 at PND15 and their mothers were fed with 0.05%-IF diet or IFfree diet during pup’s age of PND 15-21. The results showed the VO was accelerated in an E2-dose-dependent manner with a slight shift of the critical E2 concentration toward lower dose in the combination with the IF diet. These results suggest
that the combined effect of E2 and IF diet was only additional effect on the acceleration of VO.

1988

DOCOSAHEXAENOIC ACID DEFICIENCY AND
SUPPLEMENTATION DISTINCTLY ALTER HEPATIC
mRNA EXPRESSION OF UPTAKE AND EFFLUX
TRANSPORTERS IN RATS

H. Lu, M. Ozias, X. Lei, B. Levant and C. Klaassen. Pharmacology and
Toxicology, KU Medical Center, Kansas City, KS.
Polyunsaturated fatty acids (PUFAs), especially docosahexaenoic acid (DHA), have
long been implicated in disease prevention. PUFAs modulate hepatic expression of
many enzymes; however, their effect on hepatic transporter expression is unknown.
Traditional western-style diet is DHA-deficient. To investigate long-term effects of
DHA deficiency and supplementation on hepatic mRNA expression of transporters
important in metabolizing lipids and drugs, male Long-Evans rats were raised from
conception on diets with sunflower oil (SUN, DHA deficiency), soybean oil (SOY,
DHA sufficient control), or soybean oil supplemented with DHA (1% of total fat,
SOY+DHA). Livers were collected 90 days postnatal for determining mRNA expression of transporters and transcription factors using the bDNA assay. GC analysis confirmed the efficacy of dietary DHA manipulation: DHA content in livers of
SUN group was only 37% of SOY group, whereas SUN group had markedly
higher levels of docosapentaenoic acid. DHA deficiency had no effect on hepatic
expression of 4 uptake transporters, namely Ntcp, Oatp1a1, Oatp1b2, and OctN2;
whereas DHA supplementation selectively decreased Oatp1b2. Hepatic mRNA of
efflux transporters, Mrp2 and AbcG2, was 50-80% lower in SUN and SOY+DHA
groups than SOY group, whereas Bsep and Mdr2 were lower in SOY+DHA group
than SOY group. Hepatic PXR mRNA was lower in SUN and SOY+DHA group
than SOY group; whereas LRH-1, CAR, and PPARα were lower in SOY+DHA
group than SOY group, and RXRα was decreased in SUN group compared to SOY
group. In conclusion, DHA deficiency decreased hepatic expression of Mrp2 and
AbcG2, which may result in lowered biliary excretion of endobiotics and xenobiotics. Surprisingly, DHA supplementation decreased hepatic expression of certain
uptake and efflux transporters. The mechanisms of such distinct alterations of hepatic transporter expression are likely via differential modulation of transcription
factors essential in regulating hepatic gene expression. (Supported by NIH grants
ES-09649 and ES-09716)

1989

N-3 PUFA DOCOSAHEXAENOIC ACID INHIBITION OF
DEOXYNVALENOL-INDUCED CREB
PHOSPHORYLATION CORRELATES WITH DECREASED
UPSTREAM AKT1 KINASE ACTIVITY

Y. Shi1, 2 and J. J. Pestka1, 2, 3. 1Food Science and Human Nutrition, Michigan State
University, East Lansing, MI, 2Food Science and Human Nutrition, Michigan State
University, East Lansing, MI and 3Center for Integrative Toxicology, Michigan State
University, East Lansing, MI.
Exposure to deoxynivalenol (DON), one of the most common trichothecene mycotoxins in cereal grain, induces expression of interleukin-6 (IL-6), a proinflammatory cytokine, in part by triggering binding of the transcription factor cAMP response element binding protein (CREB) to the IL-6 promoter. We have previously
determined that n-3 PUFA DHA consumption attenuates DON-induced IL-6 expression by decreasing CREB phosphorylation and binding activity. The goal of
this study was to determine whether DHA consumption suppressed DON-induced
CREB phosphorylation in the mouse peritoneal macrophage by modulating upstream protein kinase (Akt1, MSK1 and RSK1) or phosphatase (PP1 and PP2A)
activities. Peritoneal macrophages were collected from B6C3F1 mice fed control
AIN-93G diet or AIN-93G diet containing 3% DHA for 4 wk. After culturing for
24 hr, cells were treated with 0 or 250 ng/ml DON for 30 min. Total proteins were
extracted and analysed by Western blot for protein phosphorylation. Our results
showed that DON-induced CREB phosphorylation correlated with upstream
Akt1, MSK1 and RSK1 phosphorylation. DHA inhibited these effects by decreasing Akt1 but not MSK1 or RSK1 phosphorylation. To detect PP1 and PP2A activities, cells were treated with 250 ng/ml DON for 0, 10, 30, or 60 min, PP1 and
PP2A in the cell lysate were immunoprecipitated and the pellet was analysed for
phosphatase activities. DHA consumption decreased both PP1 and PP2A activities
compared to control group. Pre-incubation of macrophages with calyculin A, an
inhibitor to PP1 and PP2A, did not abolish suppression of CREB phosphorylation
by DHA. Based on those data, we conclude that DHA consumption suppresses
CREB phosphorylation in the mouse peritoneal macrophage by downregulating
specific kinase activities but not by upregulating PP1 and PP2A activities.
(Supported by Public Health Service Grant DK58833)

1990

DOCOSAHEXAENOIC ACID CONSUMPTION
MODULATES HOST RESPONSE TO ENTERIC
REOVIRUS INFECTION IN THE MOUSE

E. Beli1, M. Li1, 3, 2, C. Cuff4 and J. Pestka1, 3, 2. 1Food Science and Human
Nutrition, Michigan State University, East Lansing, MI, 2Department of
Microbiology and Molecular Genetics, Michigan State University, East Lansing, MI,
3
Center for Integrative Toxicology, Michigan State University, East Lansing, MI and
4
Department of Microbiology and Immunology, West Virginia University,
Morgantown, WV.
Besides their anti-inflammatory properties, (n-3) polyunsaturated fatty acids have
been reported to impair host resistance to infectious agents. Here we tested the hypothesis that docosahexaenoic acid (DHA) consumption modulates the mucosal
immune response to enteric reovirus infection. Mice were fed with either control
AIN-93G diet or AIN-93G containing 3% DHA diet for 4 weeks and then orally
gavaged with reovirus serotype 1, strain Lang (T1/L). Reovirus induced robust IgA
and IgG2a responses within 7 to 14 days (d). Reovirus specific IgA and IgG2a titers
between the virus-infected groups fed with control and DHA diet were not significantly different in sera collected at 7 and 14 d after infection. Titers between the
two groups in spleen and Peyer’s patch cultures collected at 14 d post-infection also
did not differ. Furthermore, reovirus-specific IgA in fecal pellets increased similarly
in control and DHA-fed infected mice from 2 to 14 d after infection. Real-time
PCR indicated that, reovirus (L2 gene) RNA/g feces in infected mice that were fed
with DHA diet was higher at day 4 than in infected mice fed with control diet but
by day 10, the virus was completely cleared in both groups. Taken together, these
data suggest that in this murine model, DHA consumption transiently interfered
with enteric reovirus clearance, but did not affect the humoral response to the virus
or overall resolution of the intestinal infection.

1991

BUTYLATED HYDROXYTOLUENE
CHEMOPREVENTION OF AFLATOXICOSIS IN
TURKEYS IS DOSE-RELATED

J. A. Guarisco, J. O. Hall and R. A. Coulombe. Graduate Toxicology Program and
Department of Veterinary Sciences, Utah State University, Logan, UT.
The mycotoxin aflatoxin B1 (AFB1) is a potent hepatotoxin, and a common contaminant of foods and feeds. Turkeys are one of the most susceptible animals to the
toxic effects of this mycotoxin, a condition we have shown to be due to a combination of efficient hepatic cytochrome P450-mediated activation and deficient glutathione S-transferase-mediated detoxification of AFB1. Our previous research
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found that 4000 ppm dietary butylated hydroxyltoluene (BHT) alleviates many of
the toxic effects of aflatoxicosis in turkeys. The purpose of this study was to determine the minimum protective concentration of dietary BHT when examining various endpoints of short-term aflatoxicosis. In this study, the diets of 10-day-old
male turkeys were supplemented with BHT (100, 200, 500, 1000, 2000, and 4000
ppm) for 10 days. AFB1 (1 ppm) was then added to the diets and continued for another 10 days, at which time the birds were sampled. Control (no supplementation), BHT- and AFB1-only groups were also included. The AFB1-induced reduction of body weight was ameliorated in the ≥ 100 ppm BHT groups, while birds in
the 2000 and 4000 ppm BHT groups were protected from increases in serum AST,
CPK, and LDH associated with AFB1. Protection from biliary hyperplasia was observed in BHT groups ≥ 500 ppm, and there was also a decreasing incidence of hepatocellular necrosis in birds fed BHT concentrations ≥ 200 ppm. This data indicates that BHT chemoprevention is dose-responsive and that concentrations as low
as 100 ppm is effective against some signs of aflatoxicosis. (Supported in part by
USDA-NRI competitive grant 2002-35204-12294).

1992

INDUCTION OF NEURAL TUBE DEFECTS IN CD1
MICE BY INTRAPERITONEAL EXPOSURE TO
FUMONISIN B1

T. D. Burns1, 2, R. T. Riley2, J. B. Gelineau-van Waes3 and K. A. Voss2.
1
Pharmaceutical and Biomedical Sciences, University of Georgia, Athens, GA,
2
Toxicology and Mycotoxin Research, USDA-ARS, Athens, GA and 3Genetics, Cell
Biology and Anatomy, University of Nebraska Medical Center, Omaha, NE.
Fumonisin mycotoxins are found in corn and corn-based foods. Their human
health effects are unclear, however, there is evidence suggesting they are a risk factor
for neural tube defects (NTDs) in populations consuming large amounts of fumonisin-contaminated food. Fumonisin B1 (FB1) was not teratogenic when given
orally to rats or CD1 mice, whereas intraperitoneal (ip) injection of > 5 mg/kg BW
FB1 on gestation days (GD) 7-8 to dams of the inbred LM/Bc mouse strain caused
NTDs (exencephaly). All litters and > 50 percent of the fetuses from dams given >
15 mg/kg FB1 ip were affected. To determine if CD1 fetuses are susceptible to
NTD induction by fumonisins, pregnant CD1 mice (n=8-10/dose level) were
given ip doses of FB1 on GD7 and GD8. NTDs were not found in the vehicle control group but were found (exencephaly) in 11, 0, and 40 percent of the litters from
dams given 15, 30 or 45 mg/kg BW FB1, respectively. This result was corroborated
in a second experiment in which exencephaly was found in 0, 8, 17, 36 and 55 percent of the litters from dams (n=8-12/dose level) given 0 (vehicle controls), 10, 23,
45 or 100 mg/kg BW FB1. In the affected litters of dams given < 45 ppm FB1, < 33
percent of the fetuses had NTDs. The percent fetuses positive for NTDs in affected
litters of dams given 100 mg/kg BW FB1 tended to be higher: 15 to 100 percent exhibiting exencephaly (average mean for the group = 42 percent). Thus, induction of
NTDs by FB1 is not unique to the LM/Bc mouse, although this strain appears to be
more sensitive than CD1 mice. Comparative investigations using these two strains
will be useful for elucidating the physiological and biochemical mechanisms contributing to fumonisin-induced NTD formation in mice.

1993

EVIDENCE FOR INCREASED SPHINGOID BASE 1PHOSPHATE LYASE ACTIVITY IN CORN SEEDLINGS
AFTER PROLONGED EXPOSURE TO FUMONISIN

L. D. Williams1, 2, A. E. Glenn2, C. W. Bacon2, M. A. Smith1 and R. T. Riley2, 1.
1
Environmental Health Sciences, University of Georgia, Athens, GA and 2Toxicology
and Mycotoxin Research Unit, USDA-ARS, Athens, GA.
The fungus Fusarium verticillioides infects corn and produces mycotoxins known as
fumonisins, with fumonisin B1 (FB1) being the most prevalent. FB1 inhibits the enzyme ceramide synthase, which causes an increase in free sphinganine (Sa) and phytosphingosine (Pso) as well as their 1-phosphate metabolites in plants. Our previous
studies have indicated that FB1 can accumulate in soils, can move through soils intact and can be bound to soils. To determine the role of fumonisins in F. verticillioides corn seedling disease and on sphingolipid biosynthesis, corn seeds were inoculated with pathogenic or non-pathogenic strains of F. verticillioides. Only the
seedlings grown from seed inoculated with the pathogenic strain showed signs of
pathology. After harvest, the roots were analyzed for Sa, Pso, Sa-1-P, Pso-1-P and
fumonisin; and the soils were also analyzed for fumonisin. Only seedlings inoculated with the pathogenic strain of F. verticillioides had detectable fumonisins in the
roots and elevated levels of Sa, Pso, Sa-1-P and Pso-1-P in the roots. In subsequent
studies, un-inoculated corn seed were watered with FB1. The seedlings were harvested 8 or 21 days after planting. There was a dose dependent elevation in Sa, Pso,
Sa-1-P and Pso-1-P in the roots at both time points. The accumulation of sphingoid base 1-phosphates in roots suggests that the activity of serine palmitoyl transferase and sphingoid base kinase exceed the ability of sphingoid base 1-phosphate
lyase to degrade the sphingoid base 1 phosphates. However, on day 21 both Sa-1-P
and Pso-1-P were both reduced by approximately 50% to 75% at every dose level
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compared to their levels on day 8, while Sa and Pso were not. The reduction in accumulated sphingoid base 1-phosphates on day 21 could indicate that the sphingoid base 1-phosphate lyases are induced after prolonged exposure and that this results in more efficient degradation of the products of the sphingoid base.

1994

RNAI – MECHANISMS AND TOOLS FOR TOXIN
CONTROL IN ASPERGILLUS SPECIES
E. A. Bolterstein1 and N. P. Keller2, 1. 1METC, University. of Wisconsin, Madison,
WI and 2Plant Pathology, University. of Wisconsin, Madison, WI. Sponsor: J.
Johnson.
The fungal genus Aspergillus is well known for producing toxins including the important crop contaminating mycotoxins, aflatoxin and sterigmatocystin, and
gliotoxin, a putative virulence factor in human disease. Our research examines the
use of RNA interference (RNAi) technology to alleviate toxin production and host
infection by Aspergillus spp.
RNAi is a conserved mechanism in most eukaryotes, in which double-stranded
RNA (dsRNA) enters a cell and is cleaved by the RNase III enzyme, Dicer, into 2126 nucleotide-long small RNAs (siRNAs). These siRNAs join together with the
RNA induced silencing complex (RISC) to cleave target mRNAs, thus rendering
them nonfunctional. Certain organisms also contain RNA dependent RNA polymerases (RdRPs), which can amplify RNAi and extend the silencing effect to a secondary mRNA target. This process is known as transitive RNAi.
Previous research in our lab has shown that many of the proteins required for RNAi
are present in Aspergillus spp. Here we present progress in (a) determining if transitive RNAi occurs in Aspergillus spp. and (b) determining the role of Dicer proteins
in fungal growth and development. To determine if transitive RNAi is functional
in A. nidulans, we have transformed a strain containing a chimeric transgene of
green fluorescent protein (GFP) and the secondary metabolite regulator, laeA, with
an Inverted Repeat Transgene (IRT) of GFP. The IRT forms a hairpin conformation upon transcription that initiates RNAi. The resulting transformants demonstrated GFP silencing, which indicates that RNAi is functional. Levels of norsolorinic acid, a secondary metabolite regulated by laeA, will determine the
presence of transitive RNAi. We expect strains with active transitive RNAi to show
reduced levels of norsolorinic acid production.
We are also interested in the role of Dicer proteins in pathogenic Aspergillus spp.
Inactivation of Dicer in the genetic model, A. nidulans, causes a near-lethal phenotype. If this is true for the human pathogen, A. fumigatus, Dicer could be a possible target for RNAi-mediated therapy.

1995

LEAD AND CADMIUM EXPOSURES FROM CANNED
AND NON-CANNED BEVERAGES IN NIGERIA: A
PUBLIC HEALTH CONCERN
O. E. Orisakwe2 and J. M. Maduabuchi2. 1Health and Environmental Laboratories,
Eastman Kodak Co., Rochester, NY and 2Toxicology Unit, Department of
Pharmacology, Nnamdi Azikiwe University, Nnewi, Nigeria. Sponsor: H. Lantum.
The levels of lead and cadmium in canned and non-canned foods purchased in
Nigeria were studied. Fifty samples of these beverages were digested in nitric acid
and were analyzed using the Unicam Atomic Absorption Spectrophotometer (AAS)
Model 929 with air acetylene flame. The cadmium levels ranged from 0.003-0.081
mg/l for the canned and 0.006-071 for non-canned beverages. About 85.71% of
the canned beverages had cadmium levels that exceeded the maximum concentration level (MCL) of 0.005mg/l set by US EPA while 82.7% non-canned exceeded
the MCL. The mean and median levels of cadmium exceeded the MCL in both the
canned and non-canned beverages.
Whereas only 79.3% of the non-canned beverages showed lead levels that exceeded
the US EPA’s MCL of 0.015mg/l, 100% of the canned beverages had lead levels
that were greater than the MCL. The range of the lead in the canned beverages was
0.002-0.0073mg/l and 0.001-0.092 mg/l for the non-canned beverages. The mean
and median values of lead exceeded the MCL in both the canned and non- canned
beverages.
The calculate amount of lead and cadmium in three beverage was 204µg and
177µg respectively. Taken together 86% and 84% of the 50 beverages (canned and
non canned) purchased in March 2005 in Nigeria failed to meet the US EPA criteria for acceptable lead and cadmium levels in consumer products.

1996

INHIBITORY EFFECTS OF ANTIOXIDANTS AND
PHASE II-ENZYME INDUCERS ON ACRYLAMIDEINDUCED RAT MAMMARY CARCINOGENESIS
T. Imai, S. Takami, Y. Cho, M. Hasumura and M. Hirose. National Institute of
Health Sciences, Tokyo, Japan. Sponsor: M. Ema.
Acrylamide (AA) has recently been reported to be formed in fried and baked foods
rich in carbohydrates. Although carcinogenicity in humans is equivocal, numerous
positive genotoxicity data in vitro and in vivo and positive rat carcinogenicity data

at multiple sites, like the mammary gland and thyroid, suggest the risk with dietary
exposure is not negligible. AA can be metabolized to glycidamide by CYP2E1 and
forms protein and DNA adducts. For detecting chemopreventive agents on AA-induced mammary carcinogenesis, we established a medium-term model using Nmethyl-N-nitrosourea (MNU) as an initiator. In experiment 1, SD female rats were
given a single injection of MNU (50 mg/kg, i.p.), and starting one week later, they
were administered AA (40 ppm) in drinking water. Concomitantly with AA treatment, rats were fed diet containing antioxidant 1-O-hexyl-2,3,5-trimethylhydroquinone (HTHQ, 0.5%) or α-tocopherol (1%), CYP2E1-inhibitor and phase II
enzyme-inducer phenethyl isothiocyanate (PEITC, 0.05%), or chlorophyllin (1%)
as an expected agent for inhibition of AA-absorption. In experiment 2, antioxidant
α-lipoic acid (LA, 0.15%), antioxidant and CYP2E1-inhibitor 18β-glycyrrhetinic
acid (GA, 0.1%), antioxidant and phase II enzyme-inducer indole-3-carbinol (I-3C, 0.1%), or CYP2E1-inhibitor and phase II enzyme-inducer disulfiram (GSF,
0.15%) were treated in the same manner after MNU-injection. In sequential analysis of palpable mammary tumors and histopathology, PEITC, LA, GA and I-3-C
significantly (p<0.05) decreased the incidence and/or multiplicity of mammary tumors as compared to the corresponding basal diet controls. Although GSF significantly (p<0.01) decreased the incidence and multiplicity of mammary tumors, it
was suggested to be at least partly due to decreased body weight gain by GSF-treatment as compared to the control. The results indicated that antioxidants, CYP2E1inhibitor or phase II enzyme-inducer have potencies for inhibiting AA-induced
mammary tumors in rats.

1997

THE FLAVORING AGENT DIHYDROCOUMARIN IS AN
EPIGENETIC TOXICANT THAT INHIBITS SIRTUIN
DEACETYLASES

A. J. Olaharski1, J. Rine2, B. Marshall3, J. Babiarz2, L. Zhang1, E. Verdin3 and
M. T. Smith1. 1School of Public Health, UC Berkeley, Berkeley, CA, 2MCB, UC
Berkeley, Berkeley, CA and 3Gladstone Institute, UCSF, San Francisco, CA.
Epigenetic drift is hypothesized to occur, in part, through exposure to environmental and dietary compounds that affect the processes responsible for the proper
maintenance of the proteome and epigenome (Jaenisch and Bird, 2003). The recent
discovery that sirtuin deacetylase activity could be enhanced by the red wine component resveratrol (Howitz et al., 2004), suggested that the diet and environment
might also contain epigenetic toxicants that inhibit sirtuin enzymes. We tested a
number of environmental chemicals using a Saccharomyces cerevisiae yeast heterochromatic de-repression mating assay to address the possibility that humans are
exposed to sirtuin inhibitors and epigenetic toxicants. We have screened over 300
environmental chemicals to date, including benzene and its metabolites, sodium arsenite, psoralen, etoposide, as well as a number of commonly used pesticides, all of
which tested negative in the assay. Dihydrocoumarin (DHC), a common flavoring
agent and constituent of cosmetics, tested positive and was identified to reverse heterochromatic silencing at levels similar to splitomicin, an established Sir2p inhibitor. Additional experiments demonstrated that the addition of 750 µM DHC
reversed the lethal phenotype of a SIR2 over-expressing plasmid, thus pinpointing
Sir2p as the direct target of DHC-mediated heterochromatic de-repression. Further
analyses demonstrated that DHC inhibited both the SIRT1 and SIRT2 human sirtuin deacetylases in a dose-dependent manner (IC50 of 208 and 295 µM, respectively). We exposed the human TK6 lymphoblastoid cell line with DHC to test
whether DHC could reverse SIRT1-mediated negative regulation of p53.
Concentration-dependent increases in p53 acetylation as well as apoptosis were observed suggesting that human exposure to DHC may elicit negative effects. Current
studies are addressing the potential impacts that DHC-mediated sirtuin deacetylase
inhibition may have upon epigenetic drift and human health.

1998

ASSESSMENT OF THE RISKS AND BENEFITS OF A
METHYLMERCURY-CONTAMINATED SEAFOOD DIET
USING AN INTEGRATED FUNCTIONAL
TOXICOGENOMIC APPROACH IN A MAMMALIAN
MODEL

C. Glover1, C. Hogstrand2, D. Zheng2, G. Sales2 and A. Lundebye1. 1NIFES,
Bergen, Norway and 2King’s College London, London, United Kingdom. Sponsor: D.
St. Clair.
Seafood is an excellent source of nutrition, yet may also act as a route of exposure to
important organic contaminants such as methylmercury (MeHg). Epidemiological
and laboratory studies implicate the consumption of MeHg-contaminated seafood
with severe effects on the nervous system, particularly during development.
However current risk assessments are potentially flawed in that they do not consider the positive health effects of seafood consumption, and are based on laboratory studies that utilise MeHgCl, which may have a different biological effect than
the dietary form of MeHg, which is likely conjugated to cysteine. As part of an ongoing research programme designed to address these concerns, we have conducted a

study that attempted to establish the importance of MeHg speciation, and identify
the mechanisms of MeHg toxicity in a murine model. Female mice were fed MeHg
(as either MeHgCl or MeHgCys; 0, 2, 5, or 10 mg/kg diet) for a total of 8 weeks (3
weeks before mating, during gestation, and for two weeks following parturition).
Neurobehavioural indices such as stress/anxiety response, reflex behaviour, locomotion and ultrasonic vocalisations were monitored in pups born to dosed dams.
Brains of these pups were then subjected to microarray analysis to monitor changes
in gene expression. These measures were accompanied by examination of tissue
burdens. Preliminary results from these initial experiments will be presented. This
approach offers advantages in that it elucidates sensitive biomarkers of toxicity, permits simultaneous exploration of numerous biochemical pathways that may contribute towards toxicity, while linking global molecular changes directly to biochemistry, physiology, behaviour and tissue burden. This functional genomic
assessment of toxicity is likely to offer both excellent potential for deciphering complex biological processes while providing key information for the development of
improved environmental health policy.

1999

FAST IDENTIFICATION OF FIFTEEN FOOD-MEAT
SPECIES BY ELECTROCHEMICAL LIQUID
CHROMATOGRAPHIC PROFILING

C. Chou1, J. A. Lin1, K. Tung1, C. Mao1 and J. Zen2. 1Veterinary Medicine,
National Chung-Hsing University, Taichung, Taiwan and 2Chemistry, National
Chung Hsing University, Taichung, Taiwan.
Identifying the origin of meat species represents a considerable problem for food
analysts and those seeking to comply with religious regulations. Consumers demand quality products that are honestly-labeled to assure meat safety and fair pricing. Therefore, there has been a need for a fast and routinely applicable meat species
identification system. A simple, rapid and reliable high-performance liquid chromatography method with electrochemical detection using copper nanoparticle
plated electrodes was developed to identify the origin of 15 meats from food animal
species. Raw meats from cattle, pig, goats, deer, horse, chicken, duck, ostrich,
salmon, cod, shrimp, crab, scallop, bullfrog and alligator were clearly identified
within 15 min by species-specific electrochemical chromatographic profiles. Nine
of the profiles exhibited a three-peak pattern, four (cattle, goat, pig and duck) exhibited a four-peak pattern and two species (horse and scallop) exhibited a twopeak pattern. The coefficient of variation of peak retention times were all less then
5.9% across repeated runs, geographical locations (leg and breast of duck, round
and flank of pig) of the meat sources and among different subjects of the same
species. The method requires no derivatization, no organic extraction and is potentially applicable to both fresh and cooked meats. Incubation of beef, pork and
chicken at room temperature for 24 hr causes only minor quantitative change of
peak concentrations, indicating the method could potentially be useful for evaluation of meat freshness. This method is especially suitable for routine identification
of common and rare meats and can uncover improper meat adulterations.
Supported by National Science Committee, Taiwan NSC93-2815-C-005-045-B

2000

THE NATIONAL RESIDUE PROGRAM (NRP)AS A FOOD
SAFETY TOOL

J. Vodela1, P. Zervos1, C. Deyrup1, R. Sutton1, M. O’Keefe1, D. Pagan1 and H.
Walker1. 1Residue Branch, USDA/FSIS, Washington DC, DC, 2USDA, Washington
DC, DC, 3USDA, Washington DC, DC, 4USDA, Washington DC, DC, 5USDA,
Washington DC, DC, 6USDA, Washington DC, DC, 7USDA, Washington DC, DC
and 8USDA, Washington DC, DC.
Since 1967, the Food Safety and Inspection Service (FSIS), a public health regulatory agency of the United States Department of Agriculture (USDA) has administered the NRP to collect data on chemical residues in domestic and imported meat,
poultry and egg products. The plans include approved and unapproved veterinary
drugs, pesticides, xenobiotics and other naturally occurring compounds that may
appear in meat, poultry, and egg products and may pose potential risk to health.
The FSIS, and the FDA, and the EPA are the key developers of the NRP. They
work cooperatively with other organizations (eg., APHIS) to achieve mutual food
safety objectives with respect to chemical residues. The FDA and EPA have statutory authority for setting tolerances and action levels for chemical residues and enforcing compliance. This authority is granted under the FFDCA and the FIFRA
Act. The FSIS protects consumers by testing meat, poultry, and egg products for
chemical residues and preventing adulterated products from entering the food supply. The FDA and EPA enforce compliance with their tolerances and action levels
based on FSIS test results. In 2004, the FSIS Domestic Monitoring Plan sampled
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and tested 13 compound classes of drugs and pesticides, comprising approximately
59 chemicals. Of the 19,001 samples analyzed, 59 residue violations were found in
85 animals. The residue violations consisted of antibiotics (38), sulfonamides(5),
avermectins/milbemycins(15), chlorinated hydrocarbons/chlorinated organophosphates(3), carbadox (2), phenylbutazone(2), and flunixins(3). No residue violations
were found for arsenicals, chloramphenicol, florfenicol, beta agonist and melenogestrol acetate. The chemical residues are usually concentrated in kidney, liver, or fat
rather than muscle tissue. The FSIS sampling focuses on analyzing kidney and liver
tissues, because most FDA tolerances are established for these tissues.

2001

HEALTH HAZARD ASSESSMENT FOR EGG ALLERGY

S. Assimon and P. M. Bolger. CFSAN, USFDA, College Park, MD.
The most common food allergy in the US is to egg, particularly in infants and
young children, but it can emerge at any age. While some children eventually outgrow their sensitivity, it does persist in a substantial number. The hazards of exposure to egg in sensitive individuals can be serious and significant. The allergic response involves signs and symptoms associated with a number of physiological sites
and systems, and can include anaphylaxis. Reactions can develop within minutes to
several hours or more after ingestion of the egg allergen. Avoidance of egg is the
principal tool for management of adverse effects. Thus, the determination of a tolerable intake level of egg protein in sensitized individuals is relevant. A health hazard assessment of the allergenicity of egg was performed. The critical effect were derived from a published double-blind, placebo-controlled food challenge study that
administered egg to sensitive children and that included dose-response information
on the levels of adverse effects. The no (NOAEL) and low (LOAEL) observable adverse effect level for objective (observed) symptoms were identified. Using an uncertainty factor of 10 for intra-individual differences and the NOAEL for objective
adverse symptoms, an estimation of the tolerable acute intake of egg was determined. The tolerable intake for objective symptoms is 2.4 µg egg protein/person.
Limited dose-response data for subjective (self-reported) symptoms made the determination of a tolerable intake for this type of effect difficult. The nature of individual sensitivities and responses suggests additional considerations in addressing “uncertainty” in this assessment may be warranted. Factors like the magnitude of
intra-individual differences, severity of the effect, and limitations in the study subjects able to safely participate were also examined. The possibility exists that the tolerable acute intakes levels as derived above may very well provide a lower margin of
safety than is normally considered appropriate on the basis of established severe effects in humans. Thus, in this case, additional adjustments in deriving the margin
of safety may be a reasonable consideration.

2002

MITOCHONDRIAL TARGETING OF
HEMIGRAMICIDIN S-PEPTIDYL-NITROXIDES
PROTECTS AGAINST CARDIOLIPIN OXIDATION AND
APOPTOSIS IN MOUSE EMBRYONIC CELLS

J. Jiang1, N. A. Belikova1, V. A. Tyurin1, Q. Zhao1, J. Xiao2, M. P. Fink3, P.
Wipf2 and V. E. Kagan1. 1Center for Free Radical and Antioxidant Health,
Department of Environmental and Occupational Health, University of Pittsburgh,
Pittsburgh, PA, 2Department of Chemistry, University of Pittsburgh, Pittsburgh, PA
and 3Department of Critical Care Medicine, University of Pittsburgh, Pittsburgh, PA.
Generation of superoxide radicals/H2O2 and subsequent cytochrome c catalyzed
oxidation of a mitochondria specific phospholipid, cardiolipin (CL) is required for
the release of pro-apoptotic factors during apoptosis. Therefore, inhibition of CL
oxidation represents a novel therapeutic strategy for anti-apoptotic interventions.
Stable nitroxide radicals can be reduced by the mitochondrial electron transport to
hydroxylamines hence prevent the formation of superoxide and H2O2. To enhance
the delivery of nitroxides into mitochondria, we synthesized conjugates of hemigramicidin S-peptidyl TEMPO (2,2,6,6-tetramethylpiperidinyl-1-oxy free radical)
(GSPNOs) and tested their effects on actinomycin D (ActD) induced cardiolipin
oxidation and apoptosis in mouse embryonic cells. GSPNOs was effectively integrated into cells and mitochondria where they underwent reduction to hydroxylamines (oxidizable by ferricyanide). Low concentrations of GSPNOs (5-10 µM)
effectively inhibited ActD induced: 1) superoxide generation as determined by flow
cytometry of dihydroethidium-loaded cells, 2) CL oxidation assessed by a fluorescence HPLC-based Amplex Red protocol, and 3) apoptosis as evidenced by measurements of caspase-3 activation, release of pro-apoptotic factors - cytochrome c
and Smac/Diablo - from mitochondria, and phosphatidylserine externalization. We
conclude that mitochondria-targeted nitroxides acting as protectors against CL oxidation are promising tools for the development of new therapeutic strategies
against massive apoptotic cell death. Supported by NIH HL70755, AI068021, and
DARPA W81XWH-05-2-0026.
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2003

LYSOCARDIOLIPINS IN APOPTOSIOS: INTERACTIONS
WITH CYTOCHROME C, TBID AND ASYMMETRY OF
DISTRIBITION IN MITOCHONDRIA

V. A. Tyurin1, A. N. Osipov1, Y. Y. Tyurina1, H. Bayir1, L. V. Basova1, N. A.
Belikova1, A. A. Kapralov1, Q. Zhao1, J. Jiang1, P. K. Gill2, D. H. Waldeck2 and
V. E. Kagan1. 1EOH, Center for Free Radical and Antioxidant Health University of
Pittsburgh, Pittsburgh, PA and 2Chemistry, University of Pittsburgh, Pittsburgh, PA.
New discoveries on phospholipids signaling in apoptosis established that: 1) cardiolipin, CL-bound mitochondrial cyt c functions as a peroxidase, catalyzing CL oxidation required for the release of proapoptotic factors; 2) products of CL hydrolysis – monolysoCL, MCL and dilysoCL, DCL are accumulated during apoptosis, 3)
an apoptosis-associated protein, tBid, has a CL-binding domain and compete with
cyt c for CL, 4) tBid participates in remodeling of CL acting as a transmembrane
transporter of MCL and DCL in mitochondria, 5) the affinities of tBid for CL and
MCL are comparable. Binding of tBid with CL, MCL or DCL may affect their interactions with cyt c hence impede the execution of apoptotic program. We found
that cyt c/CL complex has a 7-fold higher peroxidase activity than cyt c/DOPC
complex. tBid inhibited the peroxidase activity of cyt c/CL complex only at ratios
exceeding 100:1. MCL and DCL enhanced cyt c peroxidase activity by a factor of
1.5-2. This stimulation is eliminated by tBid. Peroxidase activity of cyt c/CL complex is associated with a partial unfolding of cyt c as evidenced by the appearance of
Trp59 fluorescence completely quenched by the heme moiety in the native protein.
MCL and DCL were equally much less potent than CL in stimulating the Trp59
fluorescence of cyt c. Native gel electrophoresis confirmed weaker interactions of
cyt c MCL and DCL as compared with CL. Binding constants of MCL and DLC
were 5-fold less than CL. Treatment of mitochondria with MCL or DCL (in contrast to CL oxidation products) caused no release of cyt c. Migration of CL from
the inner to the outer membrane and accumulation of MCL in the outer membrane was observed in mitochondria treated with tBid. Our results suggest that
MCL and DCL do not appreciably interact with cyt c and do not interfere with its
pro-apoptoic function in mitochondria. Supported by NIH HL70755, AI068021.

2004

PEROXIDASE ACTIVITY AND UNFOLDING OF
CYTOCHROME C INDUCED BY CARDIOLIPIN: ROLE
IN APOPTOTIC SUGNALING

N. A. Belikova, Y. A. Vladimirov, A. N. Osipov, A. A. Kapralov, L. V. Basova, I.
V. Kurnikov and V. E. Kagan. Center for Free Radical and Antioxidant Health,
University of Pittsburgh, Pittsburgh, PA.
During apoptosis, Cyt c is released from intermembrane space of mitochondria
into the cytosol where it triggers caspase-dependent machinery. We discovered that
Cyt c plays yet another critical role in early apoptosis as a cardiolipin(CL)-specific
oxygenase to produce CL hydroperoxides required for release of pro-apoptotic factors. The CL-induced increase of peroxidase activity may be associated with partial
unfolding of the protein. Conformational changes in Cyt c upon its interactions
with CL were monitored by Trp59 fluorescence and optical adsorbance at 695 nm
(by Met80-heme iron bond). We found that at low ionic strength and high CL/Cyt
c ratios, peroxidase activity of CL/Cyt c complex was increased >50 times vs soluble
Cyt c. The changed activity closely correlated with partial unfolding of Cyt c
(molten globule state), although the activity increase preceeded loss of protein tertiary structure. Monounsaturated tetraoleoyl-CL (TOCL) induced peroxidase activity of Cyt c more effectively than saturated tetramyristoyl-CL (TMCL). High ionic
strength (1M KCl) precluded cyt c/CL complex formation and peroxidase activity
increase. Addition of 1M KCl to the pre-formed TMCL complex halted its peroxidase activity while the activity of TOCL complex was changed only slightly. This
suggests that electrostatic interactions are central to the initiation of peroxidase activity, while hydrophobic interactions are involved at later stages when Cyt c’s tertiary structure is partially lost. Oxidation of aminoacid residues in partially unfolded
Cyt c makes its activation to a peroxidase irreversible. Cyt c molecules with decreased structural stability and increased binding energy to anionic phospholipids
constitute a fraction of Cyt c responsible for selective CL oxidation in mitochondria
– a required step in execution of apoptotic program. Supported by NIH
HL070807 and AI 068021.

2005

A NEW BIOMARKER OF EARLY APOPTOSIS IN THE
BRAIN: CARDIOLIPIN OXIDATION

H. Bayir3, 2, V. Tyurin1, Y. Tyurina1, J. Jiang1, V. Ritov1, X. Zhang1, Q. Zhao1,
P. Kochanek3, R. Clark3, S. DeKosky2 and V. Kagan1. 1Ctr for Free Radical &
Antioxidant Health, Env Occup Health, University of Pitt, Pgh, PA, 2Neurology,
University of Pitt, Pgh, PA and 3Crit Care MED., University of Pitt, Pgh, PA.
Apoptosis is triggered by acute brain injury and neurodegenerative processes, yet its
reliable detection is complicated by effective clearance of apoptotic cells in vivo. We
demonstrated that cytochrome c (cyt c) acts as a cardiolipin (CL) peroxidase and

oxidizes CL in mitochondria early in apoptosis and that oxidized CL (CLox) is required for the release of proapoptotic factors. Therefore accumulation of CLox can
potentially be used as an early biomarker of apoptosis. Treatment of primary cortical neurons with staurosporine (STS) resulted in apoptosis manifested by cyt c release, caspase-3 activation, glutathione depletion and PS externalization. Using oxidative lipidomics, we established that robust and selective CL oxidation occurred
as early as 1h after STS exposure and preceded appearance and accumulation of all
the other apoptotic biomarkers. In mouse brain mitochondria, removal of 85% 90% of cyt c by alamethacin caused complete inhibition of succinate oxidase activity but did not affect peroxidase activity. Exogenous cyt c caused reconstitution of
succinate oxidase activity but did not significantly change the peroxidase activity. In
the presence of CL, reconstitution of succinate oxidase activity was incomplete and
dependent on the CL/cyt c ratio. Thus cyt c in brain mitochondria can act as a peroxidase likely activated during apoptosis. ESI/MS analysis showed that molecular
species of brain CL include polyunsaturated long chain fatty acids (C22:5 and
C22:6), highly susceptible to oxidation. CL was the only oxidized phospholipid
while more abundant brain phopholipids (PC and PE) remained nonoxidized after
brain trauma. This selective and robust (7-fold) CL oxidation was detectable as
early as 3h after trauma. Thus, early accumulation of CL hydroperoxides can be
used as a biomarker of apoptosis that is not masked by effective clearance of apoptotic cells in the brain. Support: AHA0535365N, NIH HL70755, AI068021, PA
Dept of Health, DAMD 17-01-2-0038.

2006

LOW CONCENTRATION OF DOMOIC ACID (DA)
INDUCES MITOCHONDRIALLY MEDIATED
APOPTOTIC DEATH IN MOUSE CEREBELLAR
GRANULE CELLS

G. Giordano1, C. White1, T. Kavanagh1 and L. Costa1, 2. 1Environmental and
Occupational Health Sciences, University of Washington, Seattle, WA and 2Human
Anatomy, Pharmacology and Forensic Medicine, University of Parma Medical School,
Parma, Italy.
Exposure of cerebellar granule neurons (CGN) to domoic acid (DA) induces cell
death, either by apoptosis or by necrosis, depending on the DA concentration.
Necrotic damage assessed by MTT assay predominated in response to DA above
0.1 µM. In contrast, cell injury with apoptotic features (assessed by Hoechst staining and DNA laddering assay) was evident after exposure to lower concentration of
DA (0.1 µM). The AMPA/kainate receptor antagonist NBQX, but not the
NMDA receptor antagonist MK-801, prevented both DA-induced DNA fragmentation and cromatin condensation. To evaluate the role of oxidative stress in DA-induced apoptosis, the experiments were carried out in CGNs isolated from wildtype mice [Gclm (+/+)] and mice lacking the modifier subunit of
glutamate-cysteine ligase, the first limiting step of glutathione (GSH) biosyntesis
[Gclm (-/-)]. CGNs from Gclm (-/-) have very low levels of GSH, and are more
sensitive to DA-induced apoptosis than Gclm (+/+) CGNs. Pre-incubation with
the antioxidants catalase (100 U/ml) and the membrane permeant delivery agent
GSH ethylester (2.5 mM) completely prevented DA-induced apoptosis, supporting the hypothesis that reactive oxygen species are formed following DA exposure.
Since many studies reported a mitochondrial dysfunction in oxidative stress-mediated apoptosis, we investigated the effect of DA on mitochondrial membrane potential using the dual-emission probe JC-1. Treatment with 0.1 µM DA caused mitochondrial depolarization after 6 hr of treatment, which was more evident in
CGNs from Gclm (-/-). This early event was followed by an increase in caspase-3
activity as assessed by both fluorescence microscope and activity assay. These findings suggest that at low concentrations DA induces a cascade of oxidative stress-mediated events culminating in apoptotic death (Supported by ES 07033, ES 04696
and ES012762/NSF-OCE-0434087)

2007

LENTIVIRAL MEDIATED EXPRESSION OF THE
CATALYTIC FRAGMENT OF PKC DELTA IN THE
SUBSTANTIA NIGRA PROMOTES DOPAMINERGIC
DEGENERATION: EVIDENCE FOR PROAPOPTOTIC
FUNCTION OF THE OXIDATIVE STRESS SENSITIVE
KINASE PKC DELTA IN PARKINSON’S DISEASE

H. Saminathan, Y. Yang, D. Zhang, V. Ananthram, A. Kanthasamy and A. G.
Kanthasamy. Department of Biomedical Sciences, Iowa State University, Ames, IA.
The cellular mechanisms underlying the progressive degeneration of dopaminergic
neurons in the substantia nigra of Parkinson’s disease (PD) still remain enigmatic.
Despite the implied roles of oxidative stress and apoptosis in the degenerative
process of PD for many years, key cellular targets responsible for the oxidative damage have not been well characterized. In our recent studies, we demonstrate that
caspase-3 dependent proteolytic activation of PKCδ, resulting in permanent dissociation of the catalytic fragment of the kinase (PKCδ-CF), contributes to apoptotic
cell death in cell culture models of PD. In the present study, we examined whether

the expression of PKCδ-CF in the nigral neurons promotes cell death in animal
models. Both PKCδ-CF and PKCδ-RF (regulatory fragment) were cloned in a
Lentiviral-TOPO expression vector, and then the constructs were transfected into
human 293FT packing cells to produce the respective virus. The lentivirus with
PKCδ-CF was injected stereotaxically in the left side of mouse substantia nigra and
the PKCδ-RF was injected into the right substantia nigra. Five days following injections, neurochemical changes in the right and left striatum were analyzed by
HPLC-EC. Dopamine and its metabolites DOPAC and HVA were significantly reduced in the PKCδ-CF–injected side of the striatum as compared to the PKCδ-RFinjected side. Additionally, the tyrosine hydroxylase level was dramatically reduced
in the PKCδ-CF-injected side of the nigral tissues as compared to the PKCδ-RF-injected side. Taken together with our previous observation of a high PKCδ expression in nigral dopaminergic neurons, these results demonstrate that PKCδ proteolytic activation is detrimental to the survival of dopaminergic neurons, thus
establishing a key proapoptotic function in selective nigral dopaminergic degeneration in PD [Supported by NIH grants 38644 and 10586].

2008

PROTEASOME INHIBITOR-INDUCED APOPTOSIS IN
DOPAMINERGIC NEURONAL CELLS IS MEDIATED BY
A FEEDBACK AMPLIFICATION OF MITOCHONDRIAL
CASPASE CASCADE BY PKC DELTA
F. Sun, V. Anantharam, Y. Yang, A. Kanthasamy and A. G. Kanthasamy. Iowa
State Universuty, Ames, IA.
Impairment of proteasomal degradation has been implicated in Parkinson’s disease;
however, cellular mechanisms underlying dopaminergic degeneration following
proteasomal dysfunction are yet to be characterized. In the present study, we used
the proteasome inhibitor MG-132 to investigate the cell death mechanisms in rat
mesencephalic dopaminergic neuronal cells. Treatment with MG-132 produced a
time-dependent increase in caspase-3 activation which in turn proteolytically
cleaved PKCδ, resulting in a persistent activation of the kinase due to permanent
dissociation of the regulatory fragment (RF) and catalytic fragment (CF). PKCδ
specific inhibitor rottlerin or suppression of PKCδ activation by the caspase-3
cleavage-resistant mutant (PKCδ-CRM) significantly attenuated MG-132-induced
caspase-9, -3 activation, suggesting possible feedback amplification of caspase-3 activation by PKCδ. Furthermore, transfection of the CF, but not the RF, of PKCδ
significantly increased caspase-3 activity. Also, MG-132 induced time–dependent
accumulation of CF in mitochondrial fraction, demonstrating that mitochondria
are one of the major target organelles of active PKCδ. To further understand the
proapoptotic function of CF in mitochondria, we used a nuclear localization sequence mutant of CF (CF-NLM) to circumvent effects subsequent to its nuclear
translocation. MG-132 exacerbated mitochondrial membrane potential in CFNLM cells as compared to RF cells. Furthermore, suppression of caspase-3 activation and DNA fragmentation in PKCδ-CRM cells clearly demonstrates that the
positive feedback activation of caspase-3 actively contributes to the apoptotic
process. Collectively, these results demonstrate proteolytic activation of PKCδ has a
significant feedback regulatory role in amplification of the mitochondrial apoptotic
cascade during proteasome dysfunction in dopaminergic neuronal cells. Supported
by NIH grant NS 45133.

2009

ROLE OF CASPASE-2 IN ETOPOSIDE-RESISTANT APAF1
KNOCKDOWN JURKAT T-CELLS
P. Bu, E. E. Franklin and J. D. Robertson. Pharmacology, Toxicology and
Therapeutics, MS 1018, University of Kansas Medical Center, Kansas City, KS.
DNA damage induced by the cancer chemotherapeutic drug etoposide triggers the
onset of a series of intracellular events characteristic of apoptosis. Among the early
changes observed is the release of cytochrome c from mitochondria, although the
precise mechanism linking DNA damage with the engagement of the mitochondrial apoptotic pathway remains obscure. Once in the cytosol, cytochrome c interacts
with Apaf-1 and procaspase-9 forming the apoptosome complex. The result is the
cleavage and activation of caspase-9 and other caspases that are responsible for the
effector stages of apoptotic cell death. Until recently, the dominant viewpoint has
been that procaspase-9 activation represents the apex of the caspase cascade during
stress-induced apoptosis. This hypothesis is currently being challenged by evidence
suggesting that caspase-2 may be critical for the engagement of the mitochondrial
apoptotic pathway, and hence procaspase-9 activation, during DNA damage-induced apoptosis. However, other findings in the literature indicate that procaspase2 activation occurs late during apoptosis by caspase-3-mediated processing. To better understand where within the overall caspase circuitry procaspase-2 is activated,
we have used a vector-based system, namely pSUPER, to stably knock down
APAF1 expression in Jurkat T-lymphocytes. Western blot analysis of single-cell
clones reveals that APAF1 expression is reduced by 75-95%. Impressively, clones
with the highest level of APAF1 knockdown are entirely resistant to etoposide-induced apoptosis analyzed by phophatidylserine exposure on the plasma membrane.
Additionally, undermining APAF1 expression results in an attenuation of procaspase-9 and procaspase-3 processing, suggesting that the mitochondrial apoptotic
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pathway is completely inhibited downstream of mitochondrial outer membrane
permeabilization. Studies on the role caspase-2 plays in these cells during DNA
damage-induced apoptosis will be presented. (Supported by Grants K22 ES11647
and P20 RR016475)

2010

DMBA-INDUCED APOPTOSIS OF BONE MARROW B
CELLS IS LIKELY INITIATED THROUGH A
METABOLITE-DRIVEN, MITOCHONDRIAL PATHWAY
J. K. Emberley1, J. J. Schlezinger2, H. Ryu2 and D. H. Sherr2. 1Microbiology,
Boston University School of Medicine, Boston, MA and 2Environmental Health,
Boston University School of Public Health, Boston, MA.
PAH commonly found in the environment are carcinogenic and immunosuppressive. For example, DMBA (7,12-dimethylbenz[α]anthracene) treatment reduces
bone marrow cellularity in vivo and induces bone marrow B cell apoptosis in vitro.
AhR+ bone marrow stromal cells treated with DMBA deliver an apoptotic signal to
adjacent B cells in vitro. Previous studies demonstrated caspase-8 is involved in
DMBA-induced apoptosis in a pro/pre-B cell line (BU-11) and primary bone marrow pro-B cells but does not initiate the apoptosis signal. Here we investigate the
role of mitochondrial signaling in DMBA-induced pro/pre-B cell apoptosis.
Caspase-9 activation and cytochrome c release from mitochondria occurred within
6 hours of DMBA treatment. To determine if caspases are activated prior to cytochrome c release, BU-11/stromal cell co-cultures were treated with DMBA and
the pan-caspase inhibitor VAD-FMK. VAD-FMK did not block cytochrome c release in the B cells, indicating that this release occurs upstream of the caspase cascade. Unlike other caspases, caspase-9 cleavage was not completely blocked by
VAD-FMK, indicating it is likely the first caspase activated. Reactive metabolites
often activate the mitochondrial apoptosis pathway by a process involving p53 upregulation. Having demonstrated p53 upregulation in B cells after DMBA exposure, we hypothesized that a terminal DMBA metabolite mediates mitochondrialdependent death in BU-11 cells. DDE (DMBA-dihydrodiol-epoxide) induced
BU-11 cell apoptosis without stromal cells. Like DMBA-induced B cell apoptosis
in the presence of stromal cells, DDE-induced apoptosis in the absence of stroma
was blocked by VAD-FMK. These data agree with the hypothesis that the apoptotic
signal in bone marrow B cells induced by DMBA is likely initiated by a stromal
cell-generated metabolite acting through a mitochondrial pathway, potentially involving p53 induction.

2011

IDENTIFICATION OF MITOCHONDRIAL PROTEIN
TARGETS OF APOPTOSIS-INDUCING ELECTROPHILES
H. L. Wong and D. C. Liebler. Biochemistry, Vanderbilt University, Nashville, TN.
Xenobiotic bioactivation and oxidative stress can generate reactive electrophiles that
covalently modify proteins and trigger apoptosis. We hypothesize that electrophiles
alkylate specific mitochondrial protein targets, resulting in the release of mitochondrial apoptogenic factors and the initiation of apoptosis. We first established the
apoptotic potential of N-iodoacetyl-N-biotinylhexylenediamine (IAB), a model biotin-tagged electrophile. Treatment of HEK 293 cells with IAB induced apoptotic
events including cytochrome c release, poly(ADP-ribose) polymerase (PARP) cleavage, and DNA fragmentation. Treatment of cells or isolated mitochondria resulted
in covalent adduction of mitochondrial proteins detected by Western blotting.
Mitochondrial protein targets of IAB adduction were analyzed. Purified mitochondrial fractions from HEK 293 cells were incubated with IAB. The proteins then
were separated on a polyacrylamide gel and subjected to in-gel digestion with
trypsin. Biotinylated (adducted) peptides were enriched by avidin capture and then
analyzed by liquid chromatography-tandem mass spectrometry. These analyses
identified several site-specifically modified targets including voltage-dependent
anion-channel proteins, mitochondrial thioredoxin and thioredoxin-like proteins,
and 60kD heat shock protein. Identification of mitochondrial protein targets and
their specific sites of adduction will be essential to understanding mechanisms of
apoptosis induced by reactive electrophiles. (Supported by NIH grants ES010056,
ES000267 and ES007028.)

2012

MITOCHONDRIA MEDIATED APOPTOSIS AND CELL
CYCLE ARREST IN RAW264.7 CELLS WERE INDUCED
BY THE CYTOSTATIC COMPOUND PRODUCED
DURING CO-CULTIVATION OF TWO INDOOR AIR
MICROBES
P. Penttinen1, 2, J. Pelkonen2, 3, K. Huttunen1 and M. Hirvonen1. 1Department of
Environmental Health, National Public Health institute, Kuopio, Finland,
2
University of Kuopio, Kuopio, Finland and 3Kuopio University Hospital, Kuopio,
Finland. Sponsor: M. Viluksela.
Interactions between indoor air microbes isolated from moisture damaged buildings have been shown to induce synergistic immunotoxic and immunostimulatory
effects in mammalian cells. The aim of this study was to clarify the mechanisms of
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apoptotic pathway in vitro after exposure to the spores of co-cultivated indoor air
microbes the actinobacteria Streptomyces californicus and the fungus Stachybotrys
chartarum. Searching for causative agent behind the immunotoxic effects, the cytostatic activity of the co-cultivated spores was evaluated by comparing the induced
responses to those caused by a widely used cytostatic agent doxorubicin. The mouse
(RAW264.7) macrophages were exposed to the spores of the co-cultivated or separately cultivated microbes (1×106 spores/ml) or doxorubicin (0.15 µM). Apoptosis
was detected at four time points by using flow cytometric methods to assess the
changes in cell cycle and the collapse of mitochondria membrane potential. The
present data indicate that interactions during co-cultivation of Str. californicus and
S. chartarum stimulate production of an unidentified compound, which has a
strong cytostatic nature. The cytostatic activity of the co-cultivated spores was detected as statistically significant cell cycle arrest at G2/M phase and induced collapse of mitochondrial membrane potential, which leads to increased apoptotic cell
death. Instead, the cytostatic nature of the spores was not detected when the same
microbes were grown separately. In conclusion, the mechanism of cell death induced by the co-cultivated spores suggests that the produced cytostatic compound
could be a member of anthracycline group, although the composition of the
causative agent remains to be identified.

2013

AEROSOL DELIVERY OF GLUCOSYLATED
POLYTHEYLENIMINE/PROGRAMMED CELL DEATH 4
(PDCD4) COMPLEX REGULATED APOPTOSIS, CELL
CYCLE AN IN LUNGS OF AP-1 LUCIFERASE MICE

S. Hwang and M. Cho. Laboratory of Toxicology, College of Veterinary Medicine,
Seoul National University, Seoul, South Korea.
The low efficiency of conventional therapies in achieving long-term survival of patients with lung cancer calls for development of novel treatment options. Although
several genes have been investigated for their anti-tumor activities through gene delivery, problems surrounding the methods used, such as efficiency, specificity and
toxicity, hinder application of such therapies in clinical settings. Aerosol gene delivery as non-viral and noninvasive method for gene therapy may provide an alternative for a safer and more effective treatment for lung cancer. In this study, glucosylated conjugated polyethylenimine (glucosylated PEI) designed in previous study
was used as a gene carrier. The efficiency of PEI carrier in lungs was confirmed and
the potential effects of the programmed cell death protein 4 (PDCD4) tumor suppressor gene on the two major pathways (apoptosis, cell cycle) were evaluated.
Aerosol containing PEI/PDCD4 complexes was delivered into AP-1 transgenic luciferase model mice through the nose-only inhalation system developed by our
group. Delivered PEI/PDCD4 complex-facilitated apoptosis, inhibited cell proliferation. In summary, results obtained by Western blot analysis, immunohistochemistry, and deoxynucleotidyl-transferase-mediated nick end labeling (TUNEL) assay
suggest that our aerosol gene delivery technique is compatible with in vivo gene delivery and can be applied as a noninvasive gene therapy.

2014

Z-VAD-FMK AND Z-FA-FMK RESCUE RAT PLEURAL
MESOTHELIAL CELL FROM CADMIUM CHLORIDE
INDUCE APOPTOSIS

K. Mirchandani and J. M. Cerreta. PHS, St. John’s University College of Pharmacy
and Allied Health Professions, Jamaica, NY. Sponsor: L. Trombetta.
Cadmium can induce pulmonary injury in humans and animals. One method by
which cadmium causes lung injury is by inducing apoptosis that may lead to cell
proliferation and extracellular matrix deposition. The latter two events are central
to the production of pulmonary fibrosis. Amelioration of apoptosis thus could have
a potential to reduce cadmium induced lung fibrosis. Rat pleural mesothelial cells
were cultured in Ham’s F-12 media supplemented with FBS, antibiotics and 5%
CO2 and incubated at 37°C. CdCl2 (5µM- 40µM) was used as perturbation agent.
Z-vad-fmk (1µg/ml - 3µg/ml) and Z-fa-fmk (1µg/ml - 3µg/ml) were used as inhibitors of apoptosis. MTT cytotoxicity assay was used to study toxicity of CdCl2
or CdCl2 and inhibitor. Caspase-3 assay, ssDNA Apoptosis ELISA and TUNEL
assay were used to measure apoptosis in cultures. Cultures treated with 10µM or
25µM CdCl2 had decreased cell viability of 13% (p<0.05) and 50% (p<0.001) respectively versus controls. Cultures treated with CdCl2 when compared to controls
had increases in: ssDNA Apoptosis ELISA (71%, p<0.001), TUNEL assay (75%,
p<0.001) and Caspase-3 enzyme activity (86%, p<0.001). MTT cytotoxicity assay,
ssDNA Apoptosis ELISA, TUNEL assay and Caspase-3 assay verified that there
was a reduction in cell cytotoxicity (43%, p<0.01), formamide-induced DNA denaturation (75%, p< 0.001), TUNEL positive cells (57%, p<0.001) and caspase-3
activity (84%, p<0.001) of cultures co-treated with CdCl2 and caspase inhibitor Zvad-fmk. Co-treatment of cultures with CdCl2 and inhibitor Z-fa-fmk versus cultures treated with CdCl2 alone had a reduction in: cell cytotoxicity (44%, p<0.01),
formamide-induced DNA denaturation (75%, p< 0.001, TUNEL positive cells
(67%, p<0.001) and caspase-3 activity (67%, p<0.001. Such data suggest that pulmonary toxicity caused by CdCl2 might be ameliorated by inhibition of apoptosis.

2015

CADMIUM INDUCES APOPTOSIS IN HUMAN
OSTEOSARCOMA CELLS

K. G. Coonse, A. J. Coonts, E. V. Morrison and S. J. Heggland. Biology,
Albertson College of Idaho, Caldwell, ID. Sponsor: V. Garry.
The heavy metal cadmium is a known environmental and occupational toxin.
There are multiple sources of cadmium however increasing discard of electronic
products (e-waste) containing heavy metals makes cadmium exposure a growing
public health concern. Human exposure to cadmium has been associated with the
development of bone diseases such as osteoporosis and osteomalacia. The mechanisms by which cadmium exerts a direct effect on bone remain unclear. However,
since bone cells routinely go through apoptosis to balance bone formation and resorption, we hypothesize that cadmium disrupts the normal balance by inducing
apoptosis. To test this hypothesis, a human osteoblast-like cell line (Saos-2) was
treated with 10 or 100 µM CdCl2 for 12 or 24 hours. Preliminary studies focused
on morphological changes and cell viability following cadmium exposure demonstrated that Saos-2 cells were sensitive to cadmium. In order to detect apoptosis,
Saos-2 cells were evaluated for externalization of cell membrane phosphatidylserine
using the fluorescence marker annexin V. Cadmium-induced apoptosis was observed in Saos-2 cells (% annexin V positive in control=18.5%±1.9, 100 µM 12
hour=30.6%±2.0, 100 µM 24 hour=28.1%±3.4). DNA fragmentation and caspase
3 activity were also used as a marker of apoptosis. Cadmium treatment increased
DNA fragmentation (% DNA fragmentation in control=0%±18.7, 100 µM 12
hour=57.8%±26.5, 100 µM 24 hour=54.2%±7.16). The role of caspase 3 remains
under investigation. These results suggest cadmium may be linked to bone disease
in humans by inducing apoptosis in osteoblasts. Future studies will focus on specific cadmium-induced cellular mediators of apoptosis in bone. Funded by NIHINBRE grant #P20RR016454 and Sigma Xi Research Society.

2016

THE DEVELOPMENT OF AN IN VITRO MODEL FOR
THE DETECTION AND EVALUATION OF DRUGINDUCED MYOPATHY

S. Boldt1, E. Wu2, S. Schomaker1, G. Boucher1, A. Jakowski1, R. Valdez1 and
D. Amacher1. 1WWSS, Pfizer, Inc., Groton, CT and 2Pharmacy, Rutgers State
University, Princeton, NJ.
The purpose of this study was to develop an in vitro model for the detection and
evaluation of muscle toxicity. Differentiated L6 rat skeletal muscle cells were exposed to known rat muscle toxicants and assayed for intracellular creatine kinase
(CK) activity and a number of cell function endpoints including biomarkers for
apoptosis and mitochondrial function. L6 myoblasts were stimulated to differentiate by reducing the serum concentration and then monitored for an increase in CK
activity, a marker for differentiation, and myotube formation, defined by an increase in the number of nuclei per cell. Differentiated L6 myoblasts were exposed to
muscle toxicants including emetine (EME), doxorubicin (DOX), and vincristine
(VIN). Exposure concentrations were selected based on preliminary experiments
using the neutral red assay to determine the LC10, LC20, and LC50 for each compound. Measured biomarkers included CK, ATP, caspase 3, and glutamate dehydrogenase (GLDH). Cell ultrastructural assessments were obtained using transmission electron microscopy (TEM) on control and treated cultures for correlation of
the biomarker results to morphological evidence of toxicity. Dose-dependent
changes were observed in ATP and GLDH levels with all compounds tested that
correlated with the cytotoxicity marker results. However, alterations in CK and caspase 3 did not tract with cytotoxicity. CK increased at the lowest exposure tested
with each compound. At the two higher exposures, CK increased with VIN and
EME and decreased with DOX. Caspase 3 activity increased after VIN and DOX
exposure. However, following DOX exposure the caspase 3 levels were inversely
proportional to exposure level. Dose-dependent alterations in ultrastructure consisted of an increase in vacuoles, myofilament disarray, mitochondrial swelling and
signs of apoptosis and necrosis. The alterations in CK and caspase 3 could not be
attributed to cytotoxicity and thus may prove useful as in vitro biomarkers of druginduced myopathy.

2017

CHEMICALLY-INDUCED APOPTOSIS IN FRESHLYISOLATED HUMAN HEPATOCYTES

D. Amacher2, G. Chen1 and P. Silber1. 1IN VITRO Technologies, Inc., Baltimore,
MD and 2Pfizer, Groton, CT.
We have investigated the use of freshly-isolated human hepatocytes (HH) to detect
hepatocellular apoptosis caused by several archetypical compounds. HH were
treated with different concentrations of galactosamine, acetaminophen, etoposide,
or tamoxifen for 4, 24, and 48 hours. Caspase 3/7 activity and MTT conversion
were used to detect apoptosis and necrosis, respectively. At low concentrations (1
mM) and short exposure times (4-hour), galactosamine did not have any effect on
caspase activity and MTT conversion. However, galactosamine at 1 mM induced

apoptosis without causing necrosis following 24-hour exposure. The induction of
apoptosis peaked following 48-hour exposure, which was accompanied with the induction of necrosis. Acetaminophen (APAP) at the tested concentrations (0.2-20
mM) did not induce apoptosis following 4-, 24, or 48-hour exposure. APAP at the
tested concentrations did not induce necrosis following 4-hour exposure. At higher
concentrations and with longer exposure (20 mM and 24-hour; 6 and 20 mM and
48-hour), induction of necrosis by APAP were evident. Etoposide at the tested concentrations (33-500 µM) induced apoptosis without having effects on MTT conversion after all exposure time points, although the induction of apoptosis was not
concentration-dependent and the magnitude of induction was less than 2-fold.
Tamoxifen at the tested concentrations (0.5-50 µM) increased caspase activity after
all exposure time points. The increase of caspase activity was not accompanied by a
change in MTT conversion except at the highest tested concentration (50 µM).
The induction of apoptosis was peak at 50 µM of tamoxifen (3.6-, 3.9, and 5.6fold following treatment for 4-, 24-, and 48-hour, respectively). The results demonstrated that (1) freshly-isolated HH can be used to detect apoptosis caused by galactosamine, etoposide, or tamoxifen, (2) the apoptotic effects of these compounds
were detected at the concentrations at which no necrosis was evident, and (3) APAP
was not an apoptotic agent under the experimental conditions.

2018

INVOLVEMENT OF NUR77 AND CELL SIGNALING
PATHWAYS IN TRIBUTYLTIN-INDUCED APOPTOSIS IN
MOUSE TESTICULAR CELLS
K. Lee3, 1 and H. Jeong1, 2. 1Pharmacy, Chosun University, Kwangju, Kwangju, South
Korea, 2Research Center for Proteineous Materials, Chosun University, Kwangju,
South Korea and 3Laboratory of Cell Biology, NHLBI, NIH, Bethesda, MD.
Tributyltin (TBT), a biocide, is known for its immunotoxicity and sexual organ’s
toxin.
Nur family plays a key role in the apoptotic processes of a variety of cells and tissues,
including the testis. In the present study, we investigated the involvement of Nur77
and cell signaling pathways in TBT-induced apoptosis in mouse testicular cells such
as leydig (TM3) and sertoli cells (TM4). TBT treatment induced apoptosis and
Nur77 expression in a dose- and time-dependent manner in TM4 and TM3 cell
lines. Treatment with inhibitors of signaling pathways, such as PD98059 and H89,
almost completely blocked the expression of Nur77, indicating that the extracellular signal-regulated kinase and protein kinase A signaling pathways are important in
TBT-induced Nur77 expression. Furthermore, when a plasmid encoding dominant-negative Nur77 was transfected into TM4 and TM3 cells, TBT-induced apoptotic changes, such as DNA condensation and Bax expression, were significantly reduced. Moreover, the number of apoptotic cells and the expression of Nur77 were
increased in testis from TBT-treated mice. Taken together, these results demonstrate
that TBT induces the expression of Nur77 gene, leading to apoptosis in testicular
cells, which may cause sexual problems in response to TBT exposure.

2019

ACTIVATION OF P53 IN TESTICULAR
SPERMATOCYTES CONTRIBUTES TO THEIR
SENSITIVITY TO UNDERGO FAS-MEDIATED
APOPTOSIS
C. M. McKee1 and J. H. Richburg2. 1Cell and Molecular Biology Graduate
Program, The University of Texas at Austin, Austin, TX and 2College of Pharmacy,
The University of Texas at Austin, Austin, TX.
The p53 (TRP53) protein plays a vital role in many cellular processes. We hypothesize that p53 plays a role in triggering apoptosis in discrete germ cells sub-types
following treatment with the Sertoli cell toxicant mono-(2-ethylhexyl) phthalate
(MEHP). We recently demonstrated a correlation between p53 activation and the
proteasome-mediated degradation of the anti-apoptotic protein c-Flip in GC2spd(ts) cells (a temperature sensitive cell that allows for p53 nuclear localization at
32 C, but not at 37 C). In GC2 cells at 32 C, up to 10-fold increases in Fas
protein expression on the cell membrane occurs together with an increased sensitivity to Fas agonist- (JO2 antibody) induced apoptotis. Pifithrin-alpha (PFT-α) inhibits the action of p53 by reducing the size of the nuclear pore resulting in sequestration of p53 in the cytoplasm. PFT-α (30 µg/ml) effectively reduced the level of
total Fas (to 35% of control) after 6 hours and decreased the level of apoptosis by
approximately 30%. Immunoprecipitation of c-FLIP and antibody-mediated detection of ubiquitin showed that cells treated with PFT-α did not undergo robust
ubiquitinylation and the cells are resistant to JO2 mediated apoptosis. The expression of p53 can be directly amplified by treatment of mammalian testicular tissues
with the Sertoli cell toxicant MEHP. Evaluation, in vivo, of the expression of p53 in
the testes of C57 mice by immunohistochemistry show that p53 is specifically
translocated to the nucleus of spermatocytes 24 hours after MEHP treatment.
Taken together, these findings indicate that 1) MEHP-induced Sertoli cell injury
leads to the sensitization of germ cells to apoptosis by inducing the nuclear localization of p53 in spermatocytes and 2) increases in the expression of Fas leads to degradation of the anti-apoptotic protein c-FLIP in spermatocytes and may account for
the mechanism of the observed increase in apoptosis. (Supported, in part, by grants
from NIH/NIEHS ES09145 & ES07784)
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2020

CHARACTERIZATION OF TRAIL-INDUCED
TESTICULAR GERM CELL APOPTOSIS
J. H. Richburg and Y. Ye. College of Pharmacy, The University of Texas at Austin,
Austin, TX.
Death receptor 5 (DR5, TRAIL-R2) and its activating ligand tumor necrosis factor
apoptosis-inducing ligand (TRAIL), has been shown by our group and others to be
expressed in the mouse and rat testis. In addition, the protein levels of DR5 increase
in the testis after exposure to the prototypical Sertoli cell toxicant mono-(2-ethylhexyl) phthalate (MEHP). The ability of TRAIL to induce apoptosis has been generally limited to tumor cells and not normal cells and the mechanisms to explain
this specificity is the topic of intense investigation. Here we report the sensitivity of
two germ cell lines, GC-1spg (ATCC CRL-2053) and the GC-2spd(ts) (ATCC
CRL-2096; a temperature sensitive cell that allows for p53 nuclear localization at
32C but not 37C), to undergo apoptosis by addition of either human (gift of
Dr. Bratton, Univ. of Texas at Austin) or mouse (Biomol, Plymouth Meeting, PA)
recombinant soluble TRAIL protein (0.5 µg/ml for 6 h). The relative cell surface
expression of DR5 on GC-1 cells is low (0.1%) whereas that of GC-2 cells maintained at 37C was 10% and those at 32C was 30%. A two-fold increase in
TRAIL-induced apoptosis (as indicated by flow cytometric detection of ANNEXIN-PI staining and morphological evaluation of the cells) occurred in GC-2
cells at 32°C compared to untreated cells, but no increase was observed in GC-1
cells. Pre-treatment of GC-2 cells at 32C with an anti-DR5 antibody (ebioscience, clone MD5-1, 0.5 µg/ml for 30 min prior to TRAIL addition) resulted in
approximately 5-fold increase in TRAIL-induced apoptosis whereas no significant
increase was observed in GC-1 cells. These findings indicate that the sensitivity of
gem cells to TRAIL-mediated apoptosis is directly proportional to the cell surface
expression of DR5 and its clustering on the germ cell plasma membrane. These
data provide the first indication that germ cells can undergo TRAIL-mediated
apoptosis and the exciting and novel observation that an anti-DR5 antibody can
greatly sensitize DR5 expressing cells to undergo apoptosis. (Supported, in part, by
grants from NIH/NIEHS ES09145 & ES07784).

2021

THE EFFECT OF POST MORTEM DELAY ON MARKERS
OF APOPTOSIS IN THE RAT
C. Scudamore and A. Scott. Covance Laboratories LTD., Harrogate, United
Kingdom. Sponsor: D. Everett.
Full histopathological examination to determine the cause of death is routinely performed on animals which die unexpectedly on toxicology studies. The unscheduled
nature of these events means that it is often difficult to ensure immediate necropsy
and rapid fixation of tissues. Continued cellular metabolism and enzyme activity
(autolysis) result in degradation of tissue proteins post mortem and can potentially
affect the ability to demonstrate antigens in tissue. Techniques such as immunohistochemistry are used to aid diagnosis and define mechanisms so it is important to
understand the effects of tissue handling variables on the reliability of these markers. This study aims to compare the effect of post mortem delay on two markers of
apoptosis - TUNEL and cleaved caspase 3 (CC3) immunolabelling.
Liver, kidney, thymus and mesenteric lymph node from 21 Sprague-Dawley rats
were fixed in formalin 0, 15, 30, 60, 120, 240 or 480 minutes post mortem and
processed routinely. Serial sections of each tissue were stained with H and E,
TUNEL and CC3 and the labelling index (LI) calculated. At time 0 the LI was
higher for TUNEL staining compared to CC3 for all tissues (Time 0, LI for
TUNEL and CC3 for liver, kidney, thymus and mesenteric lymph node respectively 0.0041, 0.0040, 0.0359, 0.0399 and 0.001, 0.0007, 0.0183, 0.0338).
Staining for both parameters tended to increase with post mortem time interval. At
480 minutes post mortem the greatest increase was seen in TUNEL staining in the
kidney (4.6 fold) which correlated with morphological autolytic change (H and E
sections) and the greatest increase in CC3 staining was in the liver (7 fold) (Time
480 LI for TUNEL and CC3 for liver, kidney, thymus and mesenteric lymph node
respectively 0.0071, 0.0183, 0.051, 0.0908 and 0.0077, 0.0004, 0.0638, 0.1446).
The results suggest that staining of cells with apototic markers may vary depending
on the tissue type, time interval from post mortem to fixation and the rate of autolysis for the tissue, and highlights the need for standardised protocols for fixation
when using special staining techniques.

2022

CADMIUM-INDUCED DISRUPTION OF PROXIMAL
TUBULE CELL ADHESION IS ASSOCIATED WITH
REDISTRIBUTION OF CELL ADHESION MOLECULES
AND LOSS OF EPITHELIAL POLARITY
J. Edwards1, P. C. Lamar1, E. Diamantakos1, J. D. Peuler1, J. Liu2, M. P.
Waalkes2 and W. C. Prozialeck1. 1Pharmacology, Midwestern University, Downers
Grove, IL and 2National Cancer Institute, NIEHS, Research Triangle Park, NC.
Recently, we have shown that Cd can selectively disrupt N-cadherin-dependent
cell-cell junctions in the proximal tubule of rat kidney. The first objective of the
present study was to determine if the Cd-induced loss of N-cadherin-mediated ad-
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hesion is due to the redistribution of N-cadherin from the cell membrane or if Cd
causes the degradation of N-cadherin. In addition, we examined the effects of Cd
on the polarity of the epithelial cells of the proximal tubule. Male rats received daily
sc injections of Cd (0.6 mg/kg, 5 days per week for 6 weeks). After 6 weeks, the animals exhibited elevations in the urinary excretion of metallothionein.
Immunofluorescence labeling showed a loss of N-cadherin from the cell-cell contacts in the proximal tubule. Western blot analysis of the renal cortex showed no
change in the levels of N-cadherin, E-cadherin, or beta-catenin of Cd-treated rats.
Results of RT-PCR gene expression analyses showed that Cd caused a 7-fold increase in the expression of metallothionein 1 but had no effect on the levels of expression of N-cadherin, E-cadherin, or a panel of proteins associated with stress responses. Histochemical labeling studies showed that Cd caused the redistribution
of Na+, K+-ATPase from the basolateral cell surface. All of these effects occurred in
the absence of any evidence of cell death in proximal tubules. These results indicate
that the loss of N-cadherin-mediated cell adhesion represents an early event in Cdinduced renal dysfunction and that this effect occurs at the functional level of Ncadherin, and not by protein degradation or alterations in gene expression. These
findings also indicate that the loss of N-cadherin-mediated cell adhesion results in a
loss of epithelial polarity in the proximal tubule. Supported by grant RO1 ESO06478 from the NIEHS.

2023

GENE EXPRESSION PROFILES OF CADMIUMRESISTANT METALLOTHIONEIN NULL CELLS

H. Fujishiro1, M. Satoh2 and S. Himeno1. 1Fac. of Pharmaceutical Sciences,
Tokushima Bunri University, Tokushima, Japan and 2Department of Hygienics, Gifu
Pharmaceutical University, Gifu, Japan.
Methallothionein (MT) plays important roles in cadmium (Cd) toxicity and transport. However, non-MT factors responsible for Cd tolerance and transport have
been poorly elucidated. We have established Cd-resistant cells from MT-null mouse
fibroblast cells and demonstrated that Cd resistance of these cells is conferred by
markedly reduced accumulation of Cd. Further studies revealed that both uptake
and efflux of Cd were changed in these Cd-resistant cells. However, the cause for
the change in Cd accumulation has not been clarified. To identify responsible genes
for Cd tolerance, we carried out DNA microarray using cDNAs obtained from
both Cd-resistant and parental cells. The reliability and reproducibility of the DNA
microarray profiles were carefully checked by Cy3-Cy5 dye switching and a comparison between two clones of Cd-resistant cells. The expression of 78 and 48 genes
was enhanced or repressed, respectively, in Cd-resistant cells. Several genes of ABC
transporters and solute carrier family transporters were identified as enhanced or
suppressed genes. Real time PCR showed that ZIP14, a member of zinc transporter
ZIP family, was down-regulated in Cd-resistant cells, suggesting that ZIP14 is involved in Cd tolerance. Among all ZIP family members examined, mRNA levels of
ZIP8 in Cd-resistant cells were also markedly lower than those of parental cells.
Recently, it was reported that ZIP8 is involved in Cd transport in vascular endothelial cells of testis. Therefore, we transfected the plasmid which expresses hairpin
siRNA for ZIP8 gene into parental cells, and found that Cd accumulation in ZIP8
siRNA-transfected cells were lower than that in vector-transfected cells. Thus, ZIP8
might be a candidate for the Cd transporter that was suppressed in Cd-resistant
cells. Further characterization of these cells shall clarify the roles of ZIP8 and ZIP14
in Cd tolerance and transport.

2024

Slc39a8 GENE OVEREXPRESSION SENSITIZES MICE TO
CADMIUM-INDUCED RENAL DYSFUNCTION

S. N. Schneider, B. Wang, L. He, T. P. Dalton and D. W. Nebert.
Environmental Health, University of Cincinnati Medical Center, Cincinnati, OH.
Kidney is the primary target organ when mammals are exposed to environmental
cadmium (Cd). Within the kidney, the proximal convoluted tubule (PCT) is the
main target of Cd, leading to renal Fanconi syndrome. The Slc39a8 gene, encoding
ZIP8, was recently identified as a major gene responsible for Cd-induced testicular
necrosis in sensitive mouse strains and Cd uptake across the apical surface of endothelial and epithelial cells. ZIP8 expression is highest in alveolar and PCT epithelial cells in lung and kidney, respectively. To examine the role of ZIP8 in Cd-induced kidney disease, we generated a BAC-transgenic mouse line (BTZIP8)
containing three additional copies of the Slc39a8 gene. ZIP8 mRNA from a battery
of BTZIP8 tissues was increased ~3-fold, compared to littermate controls. The effects of a single dose of Cd (CdCl2; s.c.; 30 µmol/kg), although sufficient to cause
testicular damage in Cd-sensitive strains, is only mildly toxic to other organ systems
and does not cause lethality. Following 12 h of Cd, all mice were given 1 ml of
water by gavage; urine was collected in metabolic cages for 2 h, and blood collected
via the saphenous vein. Urinary output was >10-fold less in BTZIP8 mice, compared with that in controls. Dramatic increases in BTZIP8 kidney Cd levels, blood
urea nitrogen, red blood cells in urine, and urinary N-acetyl-β-D-glucosaminidase,
glucose and protein were seen; these data reflect renal failure. Modest elevation of

plasma ALT and AST were noted in BTZIP8 and control mice, suggesting only
mild hepatic damage; all BTZIP8 mice died by 24 h as a consequence of the Cd
treatment. Histology of the kidney showed more severe pathology in the PCT of
BTZIP8 than control mice. We conclude that gene-dose increases in Slc39a8 lead
to a dramatic sensitization of the animal to acute Cd-induced nephrotoxicity, suggesting an important role for ZIP8 in Cd-induced renal Fanconi syndrome. —Supported in part by NIH grants R01 ES10416, R01 ES012463, and P30
ES06096.

2025

PRONOUNCED INTERACTION BETWEEN CADMIUM
AND ZINC ON TESTICULAR PROSTAGLANDIN
F2ALPHA (PGF2) LEVELS – MECHANISM RELATED TO
EFFECTS OF CADMIUM ON REPRODUCTIVE TISSUES

G. F. Nordberg1, D. Gunnarsson2, M. Svensson1 and G. Selstam2.
1
Environmental medicine, Umea University, Umea, Sweden and 2Molecular Biology,
Umea University, Umea, Sweden.
Cadmium(Cd) can give rise to adverse effects on reproductive tissues. Changes in
testosterone levels as a result of acute and long term exposure in rats are well documented and it has also been shown that pre-treatment with zinc can prevent some
of these effects. However, the molecular mechanisms involved in mediating these
effects have not been established, particularly not a possible involvement of PGF2.
In the present experiments rats were given subcutaneous cadmium (1-20 micromol/kg), zinc (1mmol/kg) or a combination of cadmium and zinc. After sacrifice,
plasma testosterone and testicular PGF2 were determined by fluoroimmunoassay
and radioimmunoassay, respectively.
In animals given Cd 10-20 micromol/kg there was a 16-22 fold higher level of testicular PGF2 compared to saline injected controls; there were also pronounced decreases in plasma testosterone levels. In animals given zinc or a combination of zinc
and cadmium no difference in testicular PGF2 levels or plasma testosterone were
detected compared to controls. In these studies it was also shown that cadmium exposed animals had reduced Leydig cell levels of steroidogenic acute regulatory protein (StAR) and the studies indicate that effects of Cd on
testicular testosterone synthesis may be mediated by an effect of PGF2 on StAR.

2026

GENOMIC ANALYSIS OF HEPATOPROTECTIVE ZINC
EXPOSURE IN MICE AND RATS

J. Liu1, J. Boos1, W. Zhang2 and M. P. Waalkes1. 1LCC, NCI at NIEHS, Research
Triangle Park, NC and 2LPC, NIEHS, Research Triangle Park, NC.
Low dose zinc (Zn) administration or dietary supplementation protects against hepatotoxicity produced by various agents including carbon tetrachloride, cadmium,
acetaminophen, alcohol, and endotoxin. To explore the basis of the generalized hepatoprotective effects of Zn, mice and rats were given ZnCl2 at a low dose (100
µmol/kg, sc daily for 4 days). The Zn treatment was not toxic to the animals. Livers
were removed 24 hrs after the last dose of Zn and RNA was isolated, purified, and
subjected to gene expression analysis. By microarray analysis, approximately 10%
of genes in BD Bioscience custom-designed mouse liver array and Toxicology II rat
array showed significantly altered expression (> 2-fold and p < 0.05). Real-time RTPCR confirmed these gene expression changes. Zn treatment increased the expression of the metallothionein (MT) gene, genes encoding for acute phase proteins
(ceruloplasmin, Stat3, egr1, c-myc, heat shock proteins), genes encoding for antioxidant enzymes (Cu/Zn SOD, catalase, quinone reductase, thioredoxin), and cytokine genes (IL-1, IL-6, TNF-α, chemokines). The expression of various metabolic enzymes, including cytochrome P450s, UDP-glucuronosyltransferase,
lipoprotein ligase, alcohol sulfotransferase, flavin-containing monoxidase and
arachidonate 12-lipoxygenase, were suppressed. We hypothesize that this generalized metabolic suppression occurred in order to switch cellular metabolic energy to
acute phase responses. The gene expression profiles were largely similar between
mice and rats, but mice were generally more sensitive to these alterations. These
gene expression changes, particularly the dramatic MT induction, occur in the absence of overt liver injury, and likely are important in the hepatoprotective effects of
Zn against toxic insults.

2027

APOPTOTIC RESISTANCE IN CADMIUMTRANSFORMED HUMAN PROSTATE EPITHELIAL CELLS

W. Qu1, H. Ke2, D. Broderick1, J. E. French2, M. M. Webber3 and M. P.
Waalkes1. 1LCC, NCI at NIEHS, Research Triangle Park, NC, 2NIEHS, Research
Triangle Park, NC and 3Michigan State University, East Lansing, MI.
The mechanism of acquired apoptotic resistance in cadmium-induced malignant
transformation of the human prostate epithelial cell line RWPE-1 was studied.
Chronic cadmium-transformed prostate epithelial (CTPE) cells that show a malig-

nant phenotype were obtained after 8 weeks of continuous cadmium (10 µM) exposure. CTPE cells acquired tolerance to cadmium as evidenced by 2.2-fold increase in the LC50 (15.5 ± 1.9 µM) in CTPE cells compared to control cells (7.0 ±
0.8 µM). CTPE cells showed a generalized resistance to apoptosis, including apoptosis induced by cadmium, cisplatin or etoposide by flow cytometry using annexin/FITC. Levels of phosphorylated signal-regulated mitogen activated protein
kinases (MAPKs), ERK1/2, JNK1/2 and p38 were determined after acute cadmium exposure. The three MAPKs were phosphorylated in a cadmium concentration-dependent fashion in CTPE and RWPE-1 cells. However, phosphorylated
JNK1/2 levels were much lower in CTPE cells. JNK kinase activity was also less in
CTPE cells after acute cadmium exposure. The pro-apoptotic gene Bax showed
lower transcript and protein levels whereas anti-apoptotic gene Bcl-2 showed dramatically higher levels in response to apoptotic stimulus in CTPE cells. The ratio of
Bcl-2/Bax, a key determinant in apoptotic commitment, increased over 4-fold in
CTPE cells. In Bcl-2 transfected PT-67 cells, phosphorylated JNK1/2 levels were
much less after apoptogenic stimulus and apoptosis induced by cadmium or etoposide was reduced compared to vector control cells. These results indicate that CTPE
cells are resistant apoptosis, and that disruption of the JNK pathway and Bcl-2
overexpression play important roles in this resistance. Generalized resistance to
apoptosis may allow damaged cells to survive and promote tumor formation as a result of cadmium exposure.

2028

GLUTATHIONE (GSH) HOMEOSTASIS AND
CADMIUM-INDUCED CELL INJURY IN RAT LUNG
FIBROBLASTS

D. Chou1, X. Du1, W. Li2, Y. Zhao2 and I. Chou1. 1Microbiology, Boston
University School of Medicine, Boston, MA and 2Biochemistry, Boston University
School of Medicine, Boston, MA.
Cadmium (Cd), a known lung carcinogen, induces disassembly of microtubules
(MT), a major element of the cytoskeleton critical in regulating cell division since
spindle MT organize chromosomes and pull each chromatid toward spindle poles
in mitosis. Thus, MT structural damage by Cd could translate into functional deficiency relevant to chromosomal abnormality important to mechanisms of carcinogenesis. Since Cd treatment elicited a biphasic response in cellular GSH levels resulting from gene activation of γ-glutamylcysteine synthetase (γ-GCS), the
rate-limiting enzyme for GSH synthesis, we have investigated the role of GSH
homeostasis in modulating Cd-induced chromosomal abnormalities in rat fetal
lung (RFL6) fibroblasts. GSH levels were decreased by using buthionine sulfoximine (BSO), an inhibitor of γ-GCS or elevated by using GSH monoethylester
(GME), a GSH delivery system. We found that BSO pretreatment enhanced
whereas GME reduced Cd-induced cell division aberrations manifested by a defect
in or the absence of spindle MT accompanied by chromosomal lagging, scattering,
clustering, micronuclei and cytokinesis interruption as examined by double staining with propidium iodide for nuclei and an anti-tubulin monoclonal antibody for
MT. BSO pretreatment also enhanced whereas GME largely reversed Cd-induced
chromosomal structural damage in the form of higher frequencies of abnormal
gaps, breaks, deletions, etc. occurring at metaphase as examined by Giemsa staining. Further, DNA damage as assessed by the single cell gel electrophoresis (the
comet assay) showed numerous short comet tails in Cd-treated RFL6 cells.
However, BSO alone also induced many “long” comet tails indicating the importance of GSH depletion (oxidative stress) in causing DNA damage. Notably, BSO
pretreatment combined with Cd appeared to have additive effects on comet tails
production. We conclude that GSH homeostasis plays an important role in modulating the multiple genotoxic effects of Cd in RFL6 cells. (Supported in part by
NIH R01 ES11164 grant)

2029

CHARACTERIZATION OF TRANSPORT PROPERTIES
AND SUBCELLULAR LOCALIZATION OF ZIP8, AN
IMPORTANT ROGUE TRANSPORTER OF CADMIUM

J. M. Reed, L. He, S. Girigashanker, T. P. Dalton and D. W. Nebert.
Environmental Health, University of Cincinnati Medical Center, Cincinnati, OH.
Cadmium (Cd, Cd2+) is a toxic nonessential metal, widely distributed in the environment. Cd is an IARC Category I human carcinogen. The most common sources
of exposure include cigarette smoke, contaminated sea food, and soil near metalsmelting facilities. The mouse Slc38a8 gene encodes ZIP8, a widely distributed divalent-metal-cation transporter that is responsible for Cd-induced testicular necrosis and likely plays an important role in kidney disease. Appreciating the transport
properties of ZIP8 is an important first step toward understanding how to limit or
prevent Cd intoxication. We have generated rvZIP8 cells, retroviral stably-infected
mouse fetal fibroblasts, which express the ZIP8 protein. We show that ZIP8 is a
high-affinity (Km=0.2 µM) rogue Cd transporter with a pH optimum of 7.5, temperature optimum of 37°C, and inhibited by cyanide. ZIP8-mediated Cd transport
is dependent on HCO3-, suggesting it is a Cd/HCO3- symporter. From a battery of
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heavy metals tested, Mn2+ and Hg2+ compete best for ZIP8-mediated Cd transport;
in turn, ZIP8-mediated transport of these metals is toxic to rvZIP8 cells in culture.
ZIP8 transports Zn with similar velocity as ZIP4, a known Zn transporter in the
ZIP family. ZIP8 localizes to the plasma membrane, especially in the absence of
heavy metals, and is positioned on the apical surface of polarized epithelial cells.
Taken together, ZIP8 probably functions normally as a Mn/HCO3- co-transporter
but has a high affinity for nonessential metals such as the hitchhiker Cd and may be
responsible for the pathogenesis of other heavy metals as well. Moreover, ZIP8 is interposed between the environment and the cell’s surface––positioning the transporter to participate in the influx of heavy metals. —-Supported in part by NIH
grants R01 ES10416, R01 ES012463, and P30 ES06096.

2030

BACTERIAL ARTIFICIAL CHROMOSOME (BAC)
TRANSGENESIS CONFIRMS THAT Slc39a8 IS THE CDM
GENE CONFERRING SENSITIVITY TO CADMIUM

B. Wang, T. P. Dalton, L. He and D. W. Nebert. Environmental Health,
University of Cincinnati Medical Center, Cincinnati, OH.
Cadmium (Cd2+, Cd) is a nonessential heavy metal, a toxic environmental contaminant, and an IARC-classified Category I human carcinogen. Cd induces testicular
necrosis in all species having testes. Of 45 inbred mouse strains tested, 31 are sensitive and 14 are resistant to Cd-induced testicular necrosis. Resistance to Cd damage
to the testis is an autosomal recessive trait, and the gene responsible for this trait was
named Cdm [Proc Soc Exp Biol Med 1973; 143: 629]. DBA/2J (D2) and
129S6/SvEvTac (129S6) strains are sensitive, and C57BL/6J (B6) and A/J strains
are resistant, to this trait. Using B6xD2 genetic crosses and screening 26 BXD/Ty
recombinant inbred lines, we narrowed down the ~24-cM region on Chr 3 ultimately to an 880-kb region, containing three genes in this region; the Slc39a8 gene,
showing homology to a ZIP metal transporter in plants was the most likely Cdm
gene candidate. Several lines of convergent evidence included the robust ZIP8 in
situ hybridization signal in testicular vascular endothelial (TVE) cells of sensitive,
but not resistant, mouse strains [PNAS 2005; 102: 3401]. We postulated that the
Cdm gene from a sensitive mouse strain should restore wild-type ZIP8 expression in
TVE cells and confer Cd-induced testicular necrosis, when expressed in a resistant
mouse strain. From a 129S6 (sensitive) BAC library, we therefore isolated a 173-kb
BAC clone containing only the Slc39a8 gene and generated transgenic mice on the
B6 (resistant) background. In situ hybridization demonstrated that ZIP8 mRNA
accumulates in TVE cells from the transgenic mice, but not their littermates. Most
important, the trans-gene was shown to be responsible for Cd-induced testicular
necrosis. We therefore conclude that Slc39a8 is the Cdm gene, and that regulatory
sequences conferring TVE-cell-specific expression of ZIP8 are contained within
this 173-kb BAC. —-Supported in part by NIH grants R01 ES10416, R01
ES012463, and P30 ES06096.

2031

ACUTE EXPOSURE TO CADMIUM INDUCES
PRODUCTION OF GRANULOCYTE COLONYSTIMULATING FACTOR ALONG WITH
NEUTROPHILIA IN MICE

H. Horiguchi, E. Oguma, H. Uno and F. Kayama. Division of Environmental
Medicine, Center for Community Medicine, Jichi Medical School, Tochigi, Japan.
Sponsor: T. Yoshida.
Acute exposure to cadmium (Cd), one of the toxic environmental heavy metals, can
induce neutrophil-related inflammatory response, such as neutrophilia, neutrophil
infiltration into the damaged liver or lung tissues, etc. In order to elucidate the
mechanism of neutrophilia induced by Cd, we investigated the induction of granulocyte colony-stimulating factor (G-CSF) and granulocyte/macrophage colonystimulating factor (GM-CSF), which regulate neutrophil production, in mice with
acute Cd intoxication, and further compared the kinetics with those in mice injected with lipopolysaccharide (LPS). We injected BALB/c mice with Cd at 2.5
mg/kg s.c. or LPS at 5.0 mg/kg i.p., and took the peripheral blood at 0, 1, 2, 3, 6,
12, 18 and 24 hours after injection. The EDTA-added whole blood samples were
used for the determination of white blood cell count and the differential leukocyte
analysis on the May-Giemsa-stained smear specimen, followed by the calculation of
neutrophil counts. Serum samples were prepared by centrifugation of clotted blood
and used for the determination of G-CSF and GM-CSF levels by ELISA. After injection of Cd, peripheral neutrophil counts were increased gradually and peaked at
18 hours, while total white blood cell counts did not show any significant changes.
Serum G-CSF levels were elevated after Cd injection to reach the peak value of
about 40 ng/ml at 18 hours, corresponding with the kinetics of neutrophils. On the
contrary, the peak of serum G-CSF elevation induced by LPS was at 6 hours, suggesting the different mechanism of G-CSF induction between Cd and LPS. Serum
GM-CSF levels did not show significant increase in Cd-injected mice, while they
were elevated in LPS-injected mice with the peak at 2 hours. These results indicate
that G-CSF is induced by Cd in a way different from LPS, which would play an
important role in the neutrophilia observed in acute Cd intoxication.
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INHIBITORY EFFECT OF THIONEIN ON
RIBONUCLEASE A ACTIVITY

E. M. Brambila1, K. Rubin1, B. Leon-Chavez1 and W. E. Achanzar2. 1Labortorio
de Investigaciones Quimico Clinicas, University of Puebla, Puebla, Puebla, Mexico
and 2Toxicology, Bristol-Myers Squibb Pharmaceutical Research Institute, New
Brunswick, NJ.
Ribonucleases (RNases) are a group of enzymes that hydrolyze different classes of
RNA and are regulated in vivo by specific inhibitors. Recently, we described a decrease in hepatic acid RNase activity during an inflammatory process which we hypothesized to be a consequence of de novo synthesis of unidentified RNase inhibitors (RIs). Because natural RIs and thioneins (T) shown similar structural
characteristics such as high content of free thiol groups, we studied the ability of T
to inhibit RNase A activity in vitro. After isolation and purification of rat liver metallothionein (MT) by chromatographic methods, T was prepared by acid treatment
of MT at pH 1.0. RNase A was obtained from a commercial source. Enzymatic assays showed that MT had no effect on RNase activity. However, T had an inhibitory effect on RNase activity that was concentration dependant, suggesting an
interaction between RNase and T. Zinc addition to the medium restored RNase activity at 100%, indicating the probable formation of a RNase-T complex.
Additional experiments using electrophoresis allowed us to identify the RNase-T
complex. Results obtained in this work show that T have an inhibitor effect on
RNase activity through a mechanism that appears to involve the formation of a
complex between RNase and T, which can be dissociated by Zn. This work suggests
an additional role of MT in the regulation of enzyme activity.

2033

THE RWPE-1 CELL LINE AS A MODEL SYSTEM FOR
PROSTATE EPITHELIUM

R. K. Singh, S. Somji, X. Zhou, A. Albrecht, M. Sens, D. A. Sens and S. H.
Garrett. Pathology, University of North Dakota, Grand Forks, ND.
With prostate cancer being the most prominent cancer in men, there is a large demand for a reliable in vitro model system of prostate epithelium. The RWPE-1 cell
line, immortalized from human prostate, had been shown to possess morphological
features of human prostate and when transformed with cadmium shown to possess
morphological and biochemical features of human prostate tumors when injected
into nude mice. This lab has shown that metallothionein (MT) expression is considerably altered during prostate cancer and that expression correlates to the grade
of the tumor. The current study was undertaken to assess the whether the RWPE-1
cell line recapitulates what is known about metallothionein and its expression in the
human prostate and prostate tumors. The cells were exposed to the known MT inducer zinc (75 and 100 µM) or cadmium (3, 6 and 12 µM) for periods of several
hours up to 13 days to assess the expression and inducibility of metallothionein.
The expression of each isoform of MT was assessed with real-time PCR and the
total level of MT-1/2 was assessed with an immunodot blot. The levels of MT-1/2
protein accumulated up to 10 to 35% of the total soluble protein. The expression
of each isoform was MT-1E>-1X ≥-2A>-1A both basally and induced with metal
exposure resulting in 10 to 20 fold induction. The MT-1E isoform was by far the
most highly expressed isoform and this appears to be the case with RNA isolated
from normal human prostate tissue. Expression of MT mRNA was also assessed in
formalin-fixed paraffin embedded tissue specimens of prostate cancer where it was
demonstrated that MT-1E was the predominant isoform present. These data show
that the RWPE-1 cell line recapitulates the expression profile of normal prostate tissue and has a metallothionein response expected of normal prostate tissue.

2034

HIF1α -/- MOUSE EMBRYONIC FIBROBLAST CELLS
SHOW INCREASED SUSCEPTIBILITY TO CADMIUMINDUCED TOXICITY

A. Vengellur2 and J. LaPres1, 3. 1Biochemistry, Michigan State University, East
Lansing, MI, 2Graduate Program in Genetics, Michigan State University, East
Lansing, MI and 3National Food Safety and Toxicology Center, Michigan State
University, East Lansing, MI.
Cadmium, a divalent metal, is a major environmental contaminant widely used in
the production of low melting point alloys, fungicides, batteries and in electroplating other metals for protection against corrosion. Metal smelting processes and industrial wastes are the major source of environmental contamination and exposure
occurs through the ingestion of contaminated food and water. Cadmium exposure
leads to a wide variety of toxicities including kidney, nervous system and liver damages. Exposure to other divalent metals, such as cobalt and nickel, lead to abnormalities in cell signaling, in part because of their ability to interfere with hydroxylase-mediated hypoxia inducible factor 1α(HIF1α)instability. This unnatural
stabilization of HIF1α leads to aberrant gene expression, including the upregula-

tion of pro-apoptotic factors and these changes are thought to lead to toxicity. In
the present study we attempted to test the possible role of HIF1α in cadmium-induced cell toxicity. The results suggest that HIF1α null mouse embryonic fibroblasts are more susceptible to cadmium-induced toxicity than wild type cells when
cell viability is measured using an MTT assay. cDNA microarray analysis was performed on the HIF1α wild type and null cells in the presence or absence of cadmium chloride. This analysis identified a series of gene expression changes that included characteristic and novel cadmium target genes. Several of these changes were
shared between the HIF1α wild type and null cells; however, there were cell line
specific differences in the expression patterns. In contrast to other divalent metals,
these results suggest that HIF1α may play a protective role in cadmium-induced
cellular injury.

2035

INTRACELLULAR SIGNALLING MAPKS PATHWAYS IN
CDCL2 TREATED HEPG2 CELLS

C. Escobar, V. Souza, E. Hernandez, L. E. Gómez-Quiroz, L. Bucio and M.
Gutierrez-Ruiz. Health Science, Universidad Autonoma Meropolitana, Mexico, D.F.,
Mexico.
Protein kinases activated by mitogens (MAPKs) participate in numerous cellular
activities. Another function of these proteins is the regulation of transcription factors as activation protein 1 (AP-1), a redox sensitive transcription factor. AP-1 is
mainly composed by Jun and Fos proteins homo and hetero dimers. Regulation of
net AP-1 activity can be achieved through changes in transcription genes encoding
AP-1 subunits. The ERK, p38 and JNK are intracellular signalling MAPKs pathways. Although it is known that Cd activates AP-1, no data is about the pathway
involved. The objective was to study the intracellular signalling MAPKs pathways
in CdCl2 treated HepG2 cells. HepG2 cells were seeded, and divided in two
groups, in the first one, cells were treated with Cd (5µM). In the second group, cells
were pre-treated during 1h with MAPKs inhibitors of each one of the families,
PD980559 for ERK, SB203580 for p38 y SP600125 for JNK. EMSA, Western
blot and super-shiff assays were done. PKC participation was studied in presence of
calphostin. Nuclear extracts were incubated with anti c-Jun and anti c-Fos for 15
min and analyzed by EMSA. The results showed that HepG2 cells treated with Cd
increased 22 times AP-1 activation. Moreover, cells pre-treated with MAPKs pathways inhibitors and with Cd, showed an AP-1 activation decrease of 81% with
PD980559, 78% with SB203580 and 72% with SP600125. p38 and JNK activation decreased after 6 h Cd exposure. Inhibition of PKC with calphosin avoided
JNK activation. AP-1 is a heterodimer formed basically by c-jun, with a minor participation of c-fos. MAPKs participated in AP-1 activation and protein kinase C is
requires for JNK phosphorylation.
This work was supported by Consejo Nacional de Ciencia y Tecnología (CONACYT) 39618-M
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MICROARRAY ANALYSIS OF CADMIUM RESPONSIVE
TRANSCRIPTION IN Caenorhabditis elegans

Y. Cui1, W. A. Boyd2, S. J. McBride1 and J. H. Freedman1, 2. 1Nicholas School of
the Environment and Earth Sciences, Duke University, Durham, NC and 2Laboratory
of Molecular Toxicology, ETP, DIR, NIEHS, Research Triangle Park, NC.
The transition metal cadmium is a known human carcinogen, and exposure to this
metal is associated with a variety of human diseases. Although individuals are continuously exposed to this metal, pathologic effects are prevented by intracellular defense and repair systems. Caenorhabditis elegans was used as a model organism to
identify (a) the genes whose level of expression is affected by cadmium and are involved in the protection against metal toxicity, and (b) the cognate signal transduction pathways that regulate these genes. High quality, custom oligonucleotide microarrays representing the whole genome of C. elegans (~20,000 genes) were used to
identify genes whose levels of expression are affected by cadmium. To determine the
optimal conditions that will induce cadmium-responsive gene expression in C. elegans, the affects of different cadmium concentrations and exposure times on the
steady-state mRNA levels of the C. elegans cadmium-responsive genes cdr-1, gst-38,
mtl-1, mtl-2, hsp-70 and T24H10.7 (c-jun homolog) were assessed by qRT-RTPCR. Subsequently, global transcriptional profiles, after 4h and 24h exposure to a
sub-lethal concentration of cadmium (100µM) were obtained. Currently about
100 genes are identified that are up-regulated after 24h exposure (fold change≥2,
p<0.001) and most of these genes are novel. The relationship between the cadmium
induced changes in gene expression and protect against cadmium toxicity for each
gene was investigated by gene suppression analysis using an RNA interference
screen. Both growth and reproduction were measured. In addition, the identification and characterization of signal pathways that may regulate the expression of
these detoxifying genes is under investigation.

2037

SELECTIVE OVER-EXPRESSION OF DNMT3B IS
SUFFICIENT FOR GLOBAL AND GENE SPECIFIC DNA
HYPERMETHYLATION DURING CADMIUM-INDUCED
MALIGNANT TRANSFORMATION
L. Benbrahim-Tallaa1, J. Coppin1, M. M. Webber2 and M. P. Waalkes1. 1LCC,
NCI at NIEHS, Research Triangle Park, NC and 2Michigan State University, East
Lansing, MI.
Aberrant DNA methylation is common in carcinogenesis, and it is suspected that
reduced expression of the maintenance DNA methyltransferase (DNMT),
DNMT1, accounts for reduced genomic methylation while increased expression of
the do novo forms, DNMT3a and 3b, cause gene-specific hypermethylation.
However, our work indicates that cadmium-transformed human prostate epithelial
(CTPE) cells, which form malignant tumors resembling prostate carcinoma when
inoculated into Nude mice, show the unusual pattern of genomic DNA hypermethylation. During the 10-weeks of low-level cadmium (10 µM) exposure that produces transformation, CTPE cells showed progressive increases in generalized
DNMT enzymatic activity. This appeared due to a specific over-expression of the
de novo DNMT3b, in the absence of changes in maintenance DNMT1 expression.
Indeed, increased DNMT3b expression preceded both the increases in generalized
DNMT enzymatic activity and genomic hypermethylation observed from 6 weeks
on in CTPE cells. Expression of the tumor suppressor gene p16, commonly reduced during oncogenesis because of promoter region hypermethylation, was
markedly reduced in CTPE cells. Decreases in p16 began as early as 6 weeks of cadmium exposure and progressively decreased thereafter. In CTPE cells, the p16 gene
promoter region was clearly more extensively methylated compared to control cells
indicating gene silencing by hypermethylation. These data indicate that changes in
DNMT3b alone can result in gene silencing and can also impact genomic DNA
methylation during oncogenesis. In our prior work in rat liver cells, cadmium-induced malignant transformation also induced genomic DNA hypermethylation.
Thus, the pattern of genomic DNA hypermethylation together with specific upregulation of DNMT3b may provide a unique set of biomarkers to identify cadmium-induced prostate cancers in human subjects.

2038

THE UNIQUE N-TERMINAL SEQUENCE OF MT-3 IS
REQUIRED FOR THE APOPTOTIC TO NECROTIC
SHIFT IN RESPONSE TO CADMIUM IN MT-3
TRANSFECTED CELLS
D. A. Sens, S. Somji, M. Sens and S. H. Garrett. Pathology, University of North
Dakota, Grand Forks, ND.
The structure of the third isoform of metallothionein (MT-3) is unique compared
to the MT-1 and MT-2 family members. MT-3 has two conserved inserts: an acidic
hexapeptide in the C-terminal region and a threonine (Thr) in the N-terminal region. In the neural system, the N-terminal region of MT-3 consisting of the Thr insert and the conserved motif C(6)-P-C-P(9) appears to be required for its growth
inhibitory activity. Mutating the conserved MT-3 motif to the common MT consensus sequence C(6)-S-C-A(9) abolishes the biological activity of the MT-3 protein. Previous work done by this laboratory has shown that normal human proximal tubule cells express the MT-3 gene, whereas the immortalized cell line HK-2,
does not express the gene. Over expression of MT-3 in the immortalized cell line
HK-2 re-establishes vectorial active transport as evidenced by dome formation, increases the sensitivity of the cells to the cytotoxic effects of cadmium and also alters
the mechanism of cell death, from an apoptotic mechanism to a necrotic mechanism. The goal of this study was to determine if the N-terminal consensus sequence
was responsible for these unique features observed in the MT-3 over expressed cells.
For this purpose, the mutated form of MT-3 in which the proline residues were
substituted with Thr was produced. Transfection of the mutated form of MT-3 into
HK-2 cells did not have an effect on vectorial active transport as demonstrated by
dome formation. However the sensitivity to the toxic effects of cadmium was abolished. In contrast to the MT-3 transfected cells which underwent necrosis in response to cadmium, cells transfected with the mutant form of MT-3 underwent
apoptosis as measured by activation of caspase 3 and 9, and DNA laddering. These
results suggest that the resistance to apoptosis as well as the sensitivity to cadmium
lies in the N-terminal consensus sequence, whereas the vectorial active transport
function is in the C terminal acidic hexapeptide insert in MT-3.

2039

EXPRESSION OF METALLOTHIONEINS IN HUMAN
PROSTATE TUMORS: EVIDENCE OF POSTTRANSCRIPTIONAL CONTROL
S. H. Garrett, R. K. Singh, X. Zhou, M. Sens, S. Somji and D. A. Sens.
Pathology, University of North Dakota, Grand Forks, ND.
The intracellular zinc containing protein, metallothionein (MT) is normally expressed in the prostate ductal epithelium where it is thought to function in the handling of the large amount of zinc found in this gland. Many but not all prostate tumors express MT protein and expression tends to correlate to the grade of the
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tumor with higher expression in the poorly differentiated tumors. Previously we
have shown that the normal human prostate epithelial cell line, RWPE-1, faithfully
recapitulates the expression and metal response profile of metallothioinein in normal prostate tissue and can serve as a model system of prostate epithelium. In the
course of these studies it was discovered that MT-1E was highly expressed and very
inducible with zinc and cadmium. It was hypothesized that this isoform could be
highly expressed not only in MT containing tumors but also in tumors lacking the
detection of this protein. To assess this possibility, formalin-fixed paraffin-embedded prostate biopsy specimens were assessed for MT protein expression by immunostaining sections with the metallothionein E9 monoclonal antibody. Of
these, four metallothionein positive and four metallothionein negative prostate carcinomas that were moderately to poorly differentiated were selected for laser-capture microdissection. After tumor tissue was dissected, total RNA was purified and
subjected to real-time RT-PCR for the individual MT isoform mRNAs. This was
compared to the level of glyceraldehyde-3-phosphate dehydrogenase mRNA in
each sample. MT-1E, -1X and -2A were detected in both MT positive as well as
MT negative tumors indicating that for these tumors the determining factor for the
presence of MT protein was not the transcription of the MT gene. This is the first
evidence in prostate cancer of post-transcriptional regulation of MT protein levels
and is similar to the resent findings from this lab on normal breast tissue where
both the myo- and ductal epithelial cells express ample amounts of mRNA for MT
but only the myoepithelial cells express MT protein.

2040

STUDIES ON BLOOD METALLOTHIONEIN AS A
BIOMARKER OF TISSUE METALLOTHIONEIN
EXPRESSION
J. Shen, J. Liu and M. P. Waalkes. LCC, NCI at NIEHS, Research Triangle Park, NC.
Metallothionein (MT) is a multifunctional, low-molecular weight, metal-binding
protein. MT reduces the toxicity of many metals and our recent work showed that
poor expression of MT in mice predisposes them to the carcinogenic effects of several metals, including cadmium and lead. Tissue MT expression shows wide interindividual variation in humans. However, surprisingly little is known about how
blood MT levels might correlate with tissue expression. Thus, in order to help develop potential biomarkers to identify populations sensitive to metal toxicity and
carcinogenesis, this study examined the correlation between blood MT and tissue
MT expression in rodents. Male CD-1 mice and F344 rats were each divided into
three groups (n = 4 to 5) including untreated controls, animals treated with zinc
(100 µmol/kg, sc daily for 4 days), or animals treated with ethanol (50%, 5 ml/kg,
ig daily for 7 days). One day after the last treatment, blood, liver, kidneys, and brain
were collected. Total RNA was extracted, and real time RT-PCR was used to detect
MT-1 and MT-2 transcripts in mice, or MT-1 transcript in rats. In liver and kidney
of both mice and rats, MT transcript levels were dramatically increased by zinc,
while ethanol only modestly increased levels. Statistical analysis in mice of pooled
data from all groups showed a highly significant correlation between liver, kidney,
and brain MT-1 and MT-2 mRNA levels and corresponding blood MT transcripts.
Similar analysis in rats showed MT-1 transcript in liver, kidney and brain was also
significantly correlated with blood MT-1 mRNA levels. In mice and rats MT protein levels, as assessed by ELISA or Cd-heme assay, in liver and kidney correlated
with hepatic and renal MT RNA levels. In addition, blood MT transcript levels
were significantly correlated with liver and kidney MT protein levels. This study indicates that blood MT transcript levels might be useful as an indicator of tissue MT
protein and transcript levels, at least in some tissues.

2041

DOWN REGULATION OF MT-3 EXPRESSION IN
HUMAN PROXIMAL TUBULE CELLS DECREASES
DOME FORMATION AND ATTENUATES APOPTOSIS
S. Somji, S. H. Garrett, M. Sens and D. A. Sens. Pathology, University of North
Dakota, Grand Forks, ND.
Epithelial cells possess a diverse number of functional properties and one of the
functions of the proximal tubule epithelial cells in vivo is transepithelial solute
transport. In cell culture, primary human proximal tubule cells retain this differentiated function of vectorial transport as evidenced by multi-cellular domes. Previous
work from this laboratory has shown that the third isoform of metallothionein
(MT-3) is expressed in the human kidney in situ, including the cells of the proximal
tubules. Overexpression of MT-3 in a proximal tubule cell line HK-2 that lack its
expression restores dome formation in these cells, suggesting that MT-3 may have a
role in differentiation and vectorial active transport in the proximal tubule cells.
Further studies provide evidence that MT-3 could play a role in controlling the
choice between apoptosis and necrosis in response to cadmium exposure. The role
of this study was to determine if down regulation of endogenous MT-3 in primary
cultures of human proximal tubule cells had any effect on dome formation and the
mode of cell death in response to cadmium treatment. For this purpose, small interfering RNA (siRNA) specific for MT-3 were transfected into human proximal
tubule cells. Assessment of the cultures was done on the seventh day with counting
of domes and harvesting of cells for MT-3 expression. Down regulation of endoge-
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nous MT-3 expression by siRNA significantly reduced the number of domes. The
cultures with reduced number of domes were further treated with different doses of
cadmium for various time periods and stained with 4’,6-diamidino-2-phenylindole
(DAPI) for visualization of fragmented nuclei. Treatment with cadmium resulted in
an increase in the number of apoptotic nuclei. The knock down of MT-3 further
implicates the role of MT-3 in dome formation and attenuation of apoptosis.

2042

OVER EXPRESSION OF METALLOTHIONEIN IN
HUMAN BLADDER CANCER IS CORRELATED TO
POOR PROGNOSIS
X. Zhou, M. Sens, S. Somji, S. H. Garrett and D. A. Sens. Pathology, University
of North Dakota, Grand Forks, ND.
The metallothioneins (MT) are a family of low molecular weight (6kD), intracellular proteins that have a very high conserved number of cysteine residues that allow
the efficient binding of transition metals. These proteins serve an important role in
the homeostasis of essential metals such as Zn+2 or Cu+2 during growth and development as well as in the detoxification of heavy metals such as Cd+2 and Hg+2, rendering the MTs important mediators and attenuators of heavy metal-induced toxicity. It has been reported that the overexpression of the MT-1 and MT-2 isoforms
can predict bladder cancers that will be resistant to treatment with cisplatin. The
goal of the present study was to determine the extent of MT-1 and MT-2 overexpression in human bladder cancer. A total of 350 archival cases of formalin-fixed,
paraffin-embedded bladder cancer specimens were examined for MT-1/2 immunoreactivity using the E-9 antibody. An examination of 137 specimens judged
to be benign disclosed no immunoreactivity for MT-1/2. Of 13 specimens with
dysplasia, 1 specimen was positive for MT-1/2. Of 59 cases diagnosed as low grade
carcinoma, none were immunoreactive for MT-1/2. Two of 14 cases of Carcinoma
in-situ(CIS) were found to stain for MT-1/2. Of 55 high grade cases that were noninvasive, 5 were positive for MT-1/2. In contrast, of 65 high grade cases that were
invasive, 21 were immunoreactive for the MT-1/2 protein. In all cases of MT-1/2
positivity, staining was focal and localized to the cytoplasm of the cell. No tumor
contained a majority of MT-1/2 immunoreactive cells. The presence of MT-1/2
immunoreactivity increased with tumor grade and correlated with a poor prognosis. These results suggest an association of MT-1 and MT-2 overexpression with the
type and the grade of the tumor, with the more aggressive cancers having the highest level of MT-1/2 expression.

2043

BEHAVIOR OF BISMUTH ADMINISTERED
INTRATRACHEALLY TO RATS
A. Shinohara1, M. Chiba1, H. Sato2, K. Omae3, M. Okamoto4, K. Serizawa4
and Y. Inaba1. 1Department of Epidemiology and Environmental Health, Juntendo
University School of Medicine, Tokyo, Japan, 2Environmetal Health Science, Tohoku
University Graduate School of Medicine, Sendai, Japan, 3Department of Preventive
Medicine and Public Health, Keio University, School of medicine, Tokyo, Japan and
4
Production Engineering Research Laboratory, Hitachi LTD., Yokohama, Japan.
Purpose: Bithmuth(Bi) which has similar physicochemical property to lead, has
been expected to be used as lead substitute in solder, but its toxicity by inhalation is
little known. In the present study, the distribution of Bi in rat organs and its timedepending changes were observed to clarify the biological behavior of Bi particles
administered intratracheally.
Experiment: Male SD rats were administered once intratracheally with Bi particles
suspended in 0.5% carboxymethylcellulose sodium solution at doses of 0, 20, 100,
and 500 mg/kg body weight. Five rats in each group were dissected at 2,4,8, and
15 days after administration. Bi concentrations in lung, liver, kidney, and spleen
were determined by high-frequency plasma mass-spectrometry after microwave digestion.
Results and discussion: Bi concentrations in lung increased with dose and decreased with days after administration. Distribution amounts of Bi in lung showed
individual differences, and corresponded to 30-60% of dose at 2nd day and 2025% at 15th day. Bi concentrations in kidney were higher than that in lung at 15th
day and those in liver and spleen were very low. These results suggested that a part
of Bi in lung remained for more than 2weeks and other part would be moved to
blood flow and accumulated in kidney. Pathological changes in lung were observed
in 100 and 500 mg/kg groups. Excretion behaviors of Bi in urine and feces are
under investigation.

2044

UBIQUITINATION AND DEGRADATION OF
EUKARYOTIC TRANSLATION INITIATION FACTOR 4E
RESULT IN TOXICITY AND DEATH IN HELA CELLS
EXPOSED TO POTASSIUM DICHROMATE
S. Othumpangat and P. Joseph. Health Effects Laboratory Division, NIOSH,
Morgantown, WV.
Exposure of HeLa cells to 6.0 µM potassium dichromate (Cr) resulted in cytotoxicity, cell death and a significant reduction in the cellular level of eukaryotic translation initiation factor 4E – the rate-limiting factor required for mRNA translation.

Specific silencing of the eIF4E gene’s expression with a small interfering RNA
(siRNA) also resulted in significant cytotoxicity and cell death. Furthermore, the
eIF4E silenced cells were significantly more susceptible to the Cr-induced cytotoxicity compared with the control cells suggesting that the Cr-induced toxicity in
HeLa cells was, at least in part, due to the decreased cellular level of eIF4E protein.
The Cr-induced reduction in the eIF4E protein level in HeLa cells was independent of the gene’s transcription. Pre-exposure of the cells to ALLN and MG132 - inhibitors of proteasome activity, blocked the Cr-induced degradation of eIF4E protein. Inhibitors of PI3 kinase (LY294002), mTOR (rapamycin), and MAP kinase
(SB203580, PD98059) blocked the Cr-induced degradation of eIF4E protein. Pretreatment of HeLa cells with insulin enhanced the phosphorylation as well as the
Cr-induced degradation of the eIF4E protein. In addition, site-directed mutation
at serine 209 - the phosphorylation site required for activation of the eIF4E protein,
abolished its degradation induced by Cr in HeLa cells. These results confirmed that
the phosphorylation of eIF4E protein is required for its ubiquitination and degradation in HeLa cells treated with Cr. The cellular level of cyclin D1 - a protein required for cell cycle progression was significantly lower in HeLa cells treated with
chromium. Similarly, the siRNA-mediated silencing of the eIF4E gene’s expression
in HeLa cells also resulted in a significant reduction in the cellular level of cyclin
D1 protein. In summary, our results demonstrate that the Cr-induced ubiquitination and degradation of the phosphorylated eIF4E protein in HeLa cells resulted in
a decreased cellular level of cyclin D1 protein leading to cytotoxicity and cell death.
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ALPHA-TOCOPHEROL PREVENTS CHANGES ON THE
CLAUDIN-2 AND OCCLUDIN EXPRESSION AND
LOCALIZATION PATTERN, INDUCED BY POTASSIUM
DICHROMATE IN MURINE KIDNEY

L. Arreola-Mendoza1, J. L. Reyes2, M. E. Mendoza-Garrido2, D. Martin2, M.
C. Namorado2, E. I. Sanchez2, B. Reyes2 and L. M. Del Razo1. 1Toxicology,
Cinvestav, Mexico D.F., Mexico and 2Physiology & Biophysics, Cinvestav, Mexico
D.F., Mexico.
Epithelial and endothelial tight junctions (TJs) are critical to maintain the permeability barrier required to preserve discrete compartments in the body. These proteins regulate the passage of ions, water and molecules through the paracellular
pathway. Dichromate (CrVI) induces nephrotoxicity in humans, causing alterations in the traffic of diverse compounds that are transported through paracellular
pathway along the nephron. Alpha-tocopherol (α-TOC) has protective effects on
some the renal alterations caused by CrVI exposure. However, no information is
available on the effect of this antioxidant on the paracellular pathway. We studied
the time course of the localization and the expression patterns of Claudin-2 (Cl-2)
and Occludin, proteins of the TJs, during the nephrotoxicity caused by CrVI, in
the presence and in the absence of α-TOC treatment. Two experimental series were
performed: 1) Wistar female rats received CrVI (15 mg/kg, SC, single dose, n=6);
and 2) rats were pre-treated with α-TOC (125 mg/kg, orally, daily, n=6), initiating
five days before and during the different periods of evaluation: control, 2 and 7 days
after CrVI administration.
Cl-2 and Occludin were evaluated by: a) immunohistochemical techniques using
frozen kidney slices, and b) Western blot of proximal tubules isolated by Percoll gradients. In control group microscopy immunofluorescence showed that both proteins are located at the cell borders of proximal tubular cells. In contrast, at day 2
after CrVI exposure, Cl-2 in the membrane was diminished accompanied by an increment in cytoplasmic location and on day 7 basal conditions were recovered.
Alterations in the TJs proteins were prevented by pretreatment with α-TOC, indicating a protective role of this drug. (Supported by Conacyt-México grant
G34511M, and grant ECOS-ANUIES MO2-SO2).

2046

CHROMIUM (VI) INDUCES ANTIOXIDANT GENE HO1 BY ACTIVATING THE CNC BZIP TRANSCRIPTION
FACTOR NRF2

X. He1, G. Lin1, J. Zhang2 and Q. Ma1. 1Receptor Biology LAB./TMBB, NIOSH,
Morgantown, WV and 2Harvard University, Boston, MA.
Chromium, a transition metal element abundantly present in the earth’s crust, is
widely used in industrial processes. Occupational exposure to Cr (VI)-containing
compounds is known to cause multi-organ toxicity including renal damage, allergy
and asthma, and cancer of the respiratory tract in humans. The molecular mechanism by which chromium elicits its biological effects is currently unclear but may
involve the formation of reactive intermediates, oxidant stress, and gene induction.
Here, we report that Cr (VI) induces antioxidant gene HO-1 at both mRNA and
protein levels in hepa1c1c7 cells. Expression of a dominant negative form of Nrf2,
a cap ‘n’ collar basic leucine zipper transcription factor, in the cells blocks the induction by Cr (VI), implicating Nrf2 as the key transcription factor in the induction. Mechanistic analysis reveals that Cr (VI) increases the protein but not the
mRNA level of Nrf2 as well as the nuclear accumulation of the protein. Cr (VI)

does not affect the protein levels of Keap1, which is a repressor of the cytoplasmic
Nrf2, or Cul-3, an E3 ligase involved in proteasomal degradation of Nrf2. These results provide the first evidence that Cr (VI) induces antioxidant gene HO-1 important in ROS defense by activating Nrf2. The study offers a model in which transcriptional gene regulation by Cr (VI) can be analyzed at molecular levels.
The findings and conclusions in this abstract have not been formally disseminated
by the National Institute for Occupational Safety and Health and should not be
construed to represent any agency determination or policy
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CHROMIUM(VI) REQUIRES HISTONE DEACETYLASE
TO INDUCE INTERFERON-STIMULATED GENES
A. A. Nemec, K. A. O’Hara, L. R. Klei, R. J. Vaghjiani and A. Barchowsky.
Environmental and Occupational Health, University of Pittsburgh, Pittsburgh, PA.
Cr(VI) promotes lung injury and is known to inhibit the inducibility of protective
genes. A recent report indicated that this inhibition involves retention of histone
deacetylase-1 (HDAC) activity and chromatin compaction in the proximal promoters of these genes (Wei et al. J. Biol Chem 279: 4110-4119, 2004). However,
this mechanism would oppose any means for Cr(VI) to induce genes. To test the
hypothesis that Cr(VI) can stimulate functional transcriptional complexes to induce genes, we screened for the binding of proteins to 156 different transcriptional
DNA cis-elements in BEAS-2B in control and Cr(VI) exposed cells. Cr(VI) significantly increased the DNA binding of homodimers and heterodimers of multiple
members of the signal transducer activator of transcription (STAT) protein family.
Western analysis demonstrated that STAT1 was tyrosine phosphorylated and
translocated to the nucleus within one hour of exposing the cells to 5 µM Cr(VI).
Transient transfection with luciferase reporter constructs driven by STAT1 responsive interferon-stimulated response elements (ISRE) or gamma interferon activated
sites (GAS) demonstrated that Cr(VI) stimulated functional STAT1 transactivation
only at ISRE sites, suggesting the Cr(VI) stimulated a partial interferon (IFN) α/βlike response. In contrast to most genes, IFN-stimulated genes are induced by
HDAC recruiting RNA polymerase II to functional transcription complexes containing ISRE elements. Rapid induction of the IFN-α stimulated gene IRF-7 by
Cr(VI) was inhibited in cells previously incubated with the HDAC inhibitor
sodium butyrate. These data present a novel mechanism for Cr(VI) to act through
HDAC to induce genes, such as those stimulated by IFN involved in innate immune responses that are potentially cytostatic or cytotoxic. Supported by NIEHS
grant ES10638.
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COMET ASSAY ANALYSIS OF DNA DAMAGE INDUCED
BY CHROMIUM PICOLINATE
A. Lencinas, C. S. Asplund, V. H. Coryell and D. M. Stearns. Department of
Chemistry, Northern Arizona University, Flagstaff, AZ.
Chromium picolinate (CrPic) is a popular dietary supplement, and as such it is not
regulated by the FDA. CrPic has previously been shown to be clastogenic and mutagenic in cultured cells. The spectrum of mutations in the hprt locus of CHO AA8
cells was found to be significantly different from that reported to arise spontaneously, and consisted of base substitutions (38%) deletions (58%) and 1-4 base
pair insertions (4%). The purpose of the current work was to identify the types of
DNA lesions found in cells after exposure to CrPic to see if resulting DNA lesions
were consistent with (i) the observed mutation spectrum, and (ii) with the proposal
that CrPic may undergo Fenton-type chemistry to generated free radicals. The alkaline comet assay showed an increase in tail moment with increasing dose of
CrPic, suggesting the presence of DNA strand breaks. Post-treatment exposure to
methyl methanesulfonate (MMS) increased tail moment by 7-fold in untreated
cells, but only increased tail moment from 5- to 2-fold in CrPic-treated cells, suggesting the presence of DNA crosslinks. Post-treatment exposure to formamidopyrimidine DNA glycosylase (FPG) had no affect on untreated cells, but increased the
tail moment from 4- to 2-fold with increasing dose of CrPic, suggesting the presence of oxidative damage. The presence of oxidative damage was further supported
by the observation that hprt mutations were decreased by more than 2-fold in cells
exposed to CrPic dissolved in DMSO, a known radical scavenger, relative to cells
exposed to CrPic in an acetone slurry. These data supported our working hypotheses that CrPic can cause direct DNA damage in cultured cells, and that mutations
can arise from these lesions. Results suggest that further study is needed to verify
the safety of CrPic for human consumption. Supported by NIH grant #CA75298,
the Arizona Board of Regents Biotechnology and Human Welfare Program, and the
NAU Minority Student Development Program (NIH #GM56931).

2049

LOSS OF REV3 PROTECTS AGAINST CR(VI)
MUTAGENESIS IN S. CEREVISIAE
T. J. O’Brien, J. L. Fornsaglio and S. R. Patierno. Pharmacology and Physiology,
The George Washington University Medical Center, Washington, DC.
The reduction of hexavalent chromium (Cr(VI))-containing compounds can lead
to a variety of mutations and chromosomal abnormalities. Given that Cr leads to a
variety of DNA lesions, it is likely that the mutagenic and clastogenic effects of Cr
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are related to several lesions. Therefore, the complex mechanisms by which cells defend against Cr(VI) mutagenesis are poorly understood. The aim of this project was
to identify key cellular pathways that impact Cr(VI) mutagenesis using a yeast
model. We examined the sensitivity of yeast deficient in DNA damage response
pathways to Cr(VI)-induced mutagenesis. Yeast deficient in RAD52-dependent homologous recombination (HR) were the most sensitive strain to Cr(VI) and the
combined loss of HR and polymerase zeta-dependent translesion synthesis (TLS)
further sensitized rad52 yeast to Cr(VI) lethality. We next examined Cr(VI) mutagenesis at the CAN1 locus which encodes an arginine permease. Selective grown on
medium containing L-canavanine, a toxic arginine analog, is indicative of forward
mutations at the CAN1 locus. Cr(VI) exposure produced a concentration-dependent increase in CAN1 mutations in wild-type yeast. Surprisingly, rad52 yeast, while
sensitive to Cr(VI) toxicity, displayed a similar susceptibility to Cr(VI) mutagenesis
as wild-type yeast. In contrast, the loss of REV3, the catalytic subunit of polymerase
zeta, rendered yeast resistant to Cr(VI) mutagenesis. However, Cr(VI)-induced
frameshift mutations were unaffected by REV3 deletion suggesting TLS affects the
formation of specific mutations. To address this possibility, the open-reading frame
of the CAN1 gene was sequenced to identify specific mutations that might be attributable to TLS. In general, there were far fewer deletions (1-10 base pairs) in the
rev3 yeast. Taken together, these results suggest that Cr(VI)-induced mutagenesis is
dependent upon TLS in yeast and that the formation of DNA deletions by Cr(VI)
might involve polymerase zeta-dependent mechanism. (Supported by grants ES05304 and ES-09961).
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ACTIVATION OF MAP KINASES BY HEXAVALENT
CHROMIUM, MANGANESE AND NICKEL IN HUMAN
LUNG EPITHELIAL CELLS

D. M. Tessier1 and L. E. Pascal2. 1School of Public Health, University of Illinois
Chicago, Chicago, IL and 2Institute for Systems Biology, University of Washington,
Seattle, WA.
Epidemiological studies indicate that workers who perform welding operations are
at increased risk for bronchitis, siderosis, occupational asthma and lung cancer due
to fume exposure. Welding fumes are a complex chemical mixture, and the metal
composition, particularly for chromium, nickel and manganese, is hypothesized to
be an etiological factor in respiratory disease due to this exposure. In this study we
examined effects of these metals on cellular responses in a normal human lung epithelial cell line, SAEC. SAEC cells in vitro responded to hexavalent chromium,
manganese and nickel over a concentration range of 0.2 to 200 µM with a significant increase in intracellular phosphoprotein (a measure of stress response pathway
activation). This response was associated with cytotoxicity and release of the inflammatory cytokines IL-6 and IL-8. The mitogen-activated protein kinases
ERK1/2, SAPK/JNK and p38 were activated via phosphorylation following 2-hour
exposures. Hexavalent chromium up-regulated p-38 phosphorylation 23-fold and
SAPK/JNK phosphorylation 17-fold, with a comparatively modest 4-fold increase
in ERK1/2 phosphorylation. Manganese caused a 2- to 4- fold increase in
SAPK/JNK and ERK 1/2 phosphorylation, with no observed effects on p38 kinase.
Nickel caused increased (2-fold) phosphorylation of ERK 1/2 only, yet also was not
cytotoxic and did not induce cytokine release over the tested concentration range.
The observed effects of welding fume metals on cellular signaling in lung epithelium demonstrate a potentially significant interplay between stress-response signaling (p38 and SAPK/JNK) and anti-apototic signaling (ERK1/2) that is dependant
on the specific metal or combination of metals involved.
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FITNESS PROFILING IN YEAST USING PARALLEL
DELETION ANALYSIS IDENTIFIES GENES INVOLVED
IN THE RESPONSE AGAINST COPPER AND IRONINDUCED TOXICITY

W. J. Jo1, L. Alex1, G. Guri2, C. Vulpe1 and A. Adam3. 1Nutritional Sciences and
Toxicology, University of California, Berkeley, Berkeley, CA, 2Biochemistry, Stanford
University School of Medicine, Stanford, CA and 3LBNL, Berkeley, CA.
The essential metals iron and copper participate as cofactors in a wide variety of cellular reactions and thus are important for life. However, they have well-documented toxic effects when present in excess. Identification of the genes that have a
role in sensitivity or resistance under this later situation can give insight into the
mechanism of toxicity of these two metals, as well as into detoxification pathways.
For this purpose, we have carried out the parallel deletion analysis in yeast,
Saccharomyces cerevisiae.
We exposed homozygous diploid pools of deletion yeast strains with the sulfate
forms of either copper or iron. After extraction of genomic DNA, strain-specific
molecular barcodes were amplified and fluorescently labeled by PCR. Subsequent
hybridization to high density oligonucleotide arrays containing the barcode complements revealed sets of sensitive and resistant strains that were specific to the two
exposure conditions.
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Our analysis shows that Ace1 and Aft1, two transcription factors known to be involved in copper and iron homeostasis, play a role in detoxification and toxicity, respectively. Ace1 responds to high copper concentrations by inducing the expression
of metallothioneins whereas Aft1 regulates expression of genes involved in iron
bioavailability. Both metals caused a growth decrease in several strains with deletions in genes encoding proteins involved in intracellular membrane trafficking and
vacuole morphogenesis, consistent with the fact that one way by which yeast deals
with high intracellular copper and iron levels is sequestration into vacuoles.
Moreover, genes involved in DNA repair were also identified as essential, suggesting
that a mechanism by which these metals are toxic is by producing DNA damage.
We show that fitness profiling can be used to enhance our understanding of copper
and iron-induced toxicity and that its use could be expanded to other toxicants.
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COPPER, ZINC, IRON AND PROTEIN MARKERS IN
CEREBROSPINAL FLUID IN ALZHEIMER’S DISEASE
AND NORMAL COGNITION

M. M. Nordberg1, K. Blennow2, N. Johansson3, M. Eriksdotter-Jonhagen4 and
H. Basun5. 1INST.. Env. MED., Karolinska Institutet, Stockholm, Sweden,
2
Department Clinical Neuroscience/Experimental Neuroscience, Sahlgrenska
Academy/university Gothenborg, Gothenborg, Sweden, 3INST..Env.MED.,
Karolinska Institutet, Stockholm, Sweden, 4Department Neurotec/Clinical Geriatrics,
Karolinska Institutet, Stockholm, Sweden and 5Department.Public Health/Geriatrics,
University Uppsala, Uppsala, Sweden.
Introduction: Major hallmarks reflecting pathological changes in Alzheimer’s
Disease (AD) are the deposition of aggregates of Aβ peptides, tau, phosphorylated
tau (p-tau). We present their relation to zinc, copper and iron status in cerebrospinal fluid (CSF). Recent studies have indicated a relation between Aβ depositions and metals like Cu, Zn and Fe.
Material and methods: The study group consisted of 32 (13 females, 19 males) subjects (age≥ 63y) undergoing dementia investigation including lumbar puncture at
Karolinska University Hospital at Huddinge. Twenty one individuals were diagnosed with AD (case group). The remaining 11 subjects showed no objective memory impairment and served as controls. Concentrations in CSF of Cu, Zn and Fe
were analyzed by ICP-SFMS (Inductively Coupled Plasma Sector Field Mass
Spectrometry). Aβ, tau and p-tau in CSF were analyzed by ELISA.The present
study was approved by the Ethics Committee at Karolinska Institutet.
Results: Statistical significant differences were found between the groups for Aβ,
tau and p-tau with low levels of Aβ and high levels of tau and p-tau in Alzheimer
patients. No correlations with Aβ and the three metals investigated were found.
There was a positive correlation between tau and Cu in the controls and between
Cu and Fe in AD group.
Comments: As expected we found low levels of Aβ and high levels of tau and p-tau
in Alzheimer patients. We found no evidence for interactions in CSF between Aβ
and Cu, Zn or Fe in this pilot study.
Funds from Alzheimer foundation are gratefully acknowledged and Analytica AB
for performing metal analyses.
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CELLULAR UPTAKE OF MAGNETIC NANOPARTICLE IS
MEDIATED THROUGH ENERGY-DEPENDENT
ENDOCYTOSIS IN A549 CELLS

K. yu1, J. Kim1, M. Cho1, S. Park2 and J. Lee3. 1Laboratory of Toxicology, College
of Veterinary Medicine, Seoul National University, Seoul, South Korea, 2Chemical
Biology Laboratory, School of Chemistry, Seoul National University, Seoul, South
Korea and 3Materials Chemistry Laboratory, School of Chemistry, Seoul National
University, Seoul, South Korea.
Biocompatible silica overcoated magnetic nanoparticles containing organic fluorescence dye (rhodamine B isothiocyanate) within a silica shell of 50 nm thickness
were synthesized. For future application of the magnetic nanoparticles into diverse
areas such as drug or gene delivery, bioimaging, and biosensor, detailed information
of cellular uptake process of magnetic nanoparticles is essential, thus, this study was
performed to elucidate the precise mechanism how the lung cancer cells could uptake the nanoparticles. The lung cells were chosen for study because inhalation
could be the most possible route of exposure and also the lung cancer cells could
uptake the nanoparticles rapidly in preliminary experiments. The lung cells were
pretreated with different metabolic inhibitors. Our results showed that low temperature disturbed the uptake of magnetic nanoparticles into the cells. Metabolic inhibitors also prevented the delivery of magnetic nanoparticles into the cells. TEM
study clearly demonstrated that uptake of magnetic nanoparticles was mediated
through endosome. Taken together, our results clearly demonstrate that MNPs can
be translocated into the cells through energy-dependent endosomal-lysosomal
mechanism.
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LEAD ENHANCED PROCOAGULANT ACTIVITY
MEDIATED THROUGH PHOSPHATIDYLSERINE
EXPOSURE IN HUMAN ERYTHROCYTES: A
CONTRIBUTING FACTOR TO CARDIOVASCULAR
DISEASE

J. Noh, J. Shin, S. Chung, O. Bae, K. Lim and J. Chung. College of Pharmacy,
Seoul National University, Seoul, South Korea.
Lead is a ubiquitous heavy metal pollutant in various environmental media, especially in food and drinking water. In human blood, about 95% of lead is associated
with erythrocytes suggesting erythrocytes could be an important target of lead toxicity in the cardiovascular system. Recent studies suggested that erythrocytes could
contribute to blood coagulation via phosphatidylserine (PS) exposure or PS-exposing microvesicle (MV) generation. We investigated the effects of lead on the procoagulant activity of erythrocytes using in vitro human erythrocytes and in vivo rat
model. In a flow cytometric analysis, lead (Pb2+) enhanced PS exposure in a concentration- and time-dependent manner. On the other hand, treatment with lead
did not induce MV generation in human erythrocytes. The concentration of lead
(1-5 µM) used in the current investigation is well within the range of lead concentration observed in blood from lead-exposed human. PS exposure by lead appeared
to be mediated by increased intracellular calcium levels as shown by 19F-NMR
using 5F-BAPTA AM and intracellular ATP depletion. Consistent with these findings, activity of scramblase, which is important in induction of PS exposure, was
enhanced, whereas the activity of flippase, that plays a role to maintain exposed PS
in outer membrane, was inhibited by lead. Furthermore, lead-exposed erythrocytes
potentiated the thrombin generation as determined by prothrombinase assay and
accelerated the coagulation process initiated by recombinant human tissue factor in
plasma. These procoagulant activities of lead were also confirmed in in vivo rat
model. Intraperitoneally administered lead significantly enhanced PS exposure in a
dose-dependent manner. In conclusion, these results suggest that lead exposure can
provoke procoagulant activity by PS exposure in erythrocytes, possibly leading to
clot formation. These results will provide new insights into the mechanism of leadinduced cardiovascular disease.
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STUDIES ON THE ROLE OF METALLOTHIONEIN AND
SYNUCLEIN IN LEAD-INDUCED INCLUSION BODY
FORMATION

P. Zuo, W. Qu, R. Cooper, R. A. Goyer and M. P. Waalkes. LCC, NCI at
NIEHS, Research Triangle Park, NC.
Metallothionein (MT) is a cysteine-rich, low-molecular weight protein that binds
metals and blocks their toxicity. Lead is a natural toxicant metal and common contaminant of the environment. A characteristic of lead poisoning is the formation of
inclusion bodies (IBs) in target tissues. These IBs contain large amounts of lead and
protein but are otherwise poorly characterized. We have found MT-I/II knock-out
(MT-null) mice do not form lead IBs and are hypersensitive to lead-induced renal
cancer. Therefore, we used MT-null mice and MT-null and parental wild type
(WT) mouse fibroblast cell lines to explore further the role of MT in IB formation.
MT-null cells did not form IBs after lead exposure as previously observed. With exposure to lead, MT protein in WT cells was lost over 16-24 hrs, possibly indicative
of MT going into forming IBs. Indeed, in WT mice exposed to lead, MT appeared
on the outer surface with many renal IBs. Transfection of MT back into MT-null
cells allowed IB formation after lead exposure. Based on the hypothesis that lead
IBs may be similar to aggresomes formed in other diseases, such as Parkinson’s disease, we also looked at proteins common to aggresomes, including α-synuclein.
Lead induced α-synuclein expression in WT cells but not in MT-null cells. In fact,
there was a very poor basal expression of the α-synuclein gene at both the protein
and transcript level in MT-null cells compared to WT cells. MT-transfection
brought back α-synuclein expression to control levels. In WT cells or MT transfected MT-null cells lead-induced α-synuclein expression peaked at 24 hr and then
went down as lead-induced IBs were formed over 24-72 hours. A direct interaction
of α-synuclein and MT was confirmed by antibody pulldown assay in which the
two proteins co-precipitated with an antibody to α-synuclein. In WT mouse kidney after chronic lead exposure, α-synuclein was immunohistochemically localized
in cells with IBs. Thus, α-synuclein may be a component of lead-induced IBs and
MT clearly plays a critical role in IB formation.
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ELEVATED AND PROLONGED LEAD EXPOSURE IN
FISHER 344 RATS LEADS TO MARKED HEPATIC
DIFFERENTIALLY EXPRESSED GENES

W. E. Gato and J. C. Means. Chemistry, Western Michigan University, Kalamazoo, MI.
Lead contamination of soil and drinking water represent a significant risk to human
health, especially for developing infants. Various methods are employed in determining lead intoxication effects on humans using rats as model organisms. In this

study Affymetrix DNA Microarray analyses were used to assess hepatic gene expression patterns in Male Fisher 344 rats exposed to 0ppm, 50ppm and 500ppm lead
(as acetate). Six weeks post-weaning male Fisher 344 rats were exposed to 0 or 50 or
500 ppm Pb2+ through drinking water ad libitum for 30 and 90 days. Two independent experiments were carried out for each time point. Following each exposure
period, rats were euthanitized with CO2 and blood was collected for serum analysis by cardiac puncture. Livers were excised and snap frozen in liquid nitrogen.
Total RNA was isolated from rat livers using Qiagen RNA Isolation kit. Then
cDNA was synthesized for use as a template for T7 polymerase in the synthesis of
cRNA molecules. These cRNA molecules were cleaned up, fragmented and hybridized to GeneChip® Rat Expression Array Set 230 (RAE 230A) and subsequently scanned as described in Affymetrix GeneChip™ one-cycle eukaryotic target labeling assay. A total of over 2300 genes were then used in differential gene
expression analysis by scatterplot. The scatterplot data suggest a greater number of
genes were differentially expressed in the 90 days 500 ppm Pb2+ treatment than the
other dose groups. Using a 2-fold expression difference threshold, genes either
up/down-regulated appear to be the same for both treatments during the 30 days
exposure period. Interestingly, 90 days 50 ppm treatment showed less than half the
number of genes expressed compared to the 30 days treatment. In contrast, the 90
days 500 ppm group had over one thousand genes differentially expressed at 2-fold
and more than twice the number of genes of the other treatment groups at 3-, 5-,
and 10-fold levels. Gene precursors for proteins such as ATPase inhibitor, heat
shock protein and cytochrome P450 were ten fold up/down-regulated.
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LEAD ALTERATION ON SPERM CHROMATIN AT
EJACULATION

I. Hernandez-Ochoa, G. Martinez-Aguilar and B. Quintanilla-Vega. Toxicology
Section, CINVESTAV, Mexico City, D.F., Mexico.
Disulfide bond formation on nuclear protamines during epididymal maturation
condenses sperm chromatin, condensation that is maintained by prostatic Zn at
ejaculation. Sperm nucleus takes up lead (Pb) during epididymal maturation increasing the sperm chromatin condensation (SCC) in mice, while in Pb-exposed
individuals a decreased SCC has been reported. Lead is secreted in seminal fluid by
the accessory sexual glands, but the mechanism of its effect on SCC at ejaculation is
not known. Thus, the aim of this study was to understand the effect of Pb on SCC
after ejaculation in an in vitro model. Spermatozoa from cauda epididymis-vas deferens were obtained from adult male NMRI mice, and citosolic extracts from sexual
glands (prostate, seminal vesicles and coagulating glands) were obtained to simulate
the seminal fluid (SSF). Spermatozoa exposed to 1 µM Pb2+/30 min/37°C (simulating Pb-exposure before ejaculation) were then incubated with SSF plus 1 µM
Pb2+ (simulating Pb-exposure at ejaculation). Chromatin condensation was evaluated by the ability of spermatozoa to be decondensed after DTT-SDS treatment
and CMA3 staining, Pb in spermatozoa was measured by AAS and Zn in sperm nuclei using a Zn-specific intracellular fluorochrome, and Pb incorporation into
sperm nuclei was confirmed by EDTA incubation. Control sperm nuclei incubated
with SSF showed an increased (39%) Zn content and most of them (97%) showed
complete decondensation after DTT-SDS treatment. Lead incubation before ejaculation resulted in Pb-uptake by sperm nuclei and showed resistance (100%) to be
decondensed, suggesting an increased chromatin condensation. On the other hand,
after simulating Pb exposure at ejaculation (SSF+Pb2+), additional Pb was incorporated and a decreased Zn-uptake by sperm nuclei was observed, and fewer spermatozoa (20%) showed resistance to be decondensed. These results suggest that Pb at
ejaculation caused an opposite effect on SCC than that observed in epididymis,
probably by impairing the sperm chromatin structure conformation, and this detrimental Pb effect on SCC depends on the timing of Pb-exposure.
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EFFECTS OF LEAD ON L-TYPE CALCIUM CHANNEL
FUNCTION IN A7R5 SMOOTH MUSCLE CELLS

D. K. Atchison, P. J. Cobbett, R. K. Hajela, G. D. Fink and W. D. Atchison.
Department Pharmacology/Toxicology, Mich State University, East Lansing, MI.
Environmental lead (Pb2+) exposure is proposed to contribute to development of
hypertension in some individuals. The mechanism responsible for this is unknown,
but it has been postulated that Pb2+ directly increases vascular smooth muscle tone.
In neurons, Pb2+ is well known to block voltage-gated Ca2+ channels (VGCCs). In
smooth muscle, such an effect on L-type VGCCs would decrease, not increase
smooth muscle tone. The effects of Pb2+ on VGCC function have not been studied
previously in smooth muscle cells. We studied acute effects of Pb2+ on L-type
VGCC-mediated actions in the rat aorta smooth muscle cell line A7r5. Whole cell
recordings of Ba2+ current (IBa) and single cell fura-2 fluorescence recordings of KCl
depolarization-induced increases in Ca2+ were made. Acute application of Pb2+ at
up to 25 µM did not reduce IBa amplitude in these cells. Inasmuch as this effect differs from that seen in neurons, changes in intracellular Ca2+ concentrations of A7r5
cells following KCl-induced depolarization in the absence and presence of Pb2+ was
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used as a 2nd measure to study VGCC function. After establishing a baseline of
fura-2 fluorescence, cells received a transient 40 mM K+ depolarization to assess cell
viability and Ca2+ buffering ability. This was followed by 10 min of normal buffer
(2 mM KCl) perfusion to allow the fura-2 fluorescence level to return to baseline.
Membrane depolarization using K+ (40 mM) in the absence or presence of Pb2+ (1
or 10 µM) was examined. The ratio of the amplitude of the 2nd to the 1st KCl-induced increase in fluorescence was measured. Cells were perfused with Pb2+ for 5
min and then concommitantly with Pb2+ and K+. Neither 1 nor 10 µM Pb2+ altered
the amplitude of the 2nd KCl depolarization-mediated increase in fluorescence induced by 40 mM K+. Thus, low µM [Pb2+] do not block L-type VGCC function in
the A7r5 smooth muscle cell line. Supported by NIH grant R21ES012349.
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LEAD IN URBAN ROADWAY GRIT: A NOVEL SOURCE
AND ITS IMPLICATION
A. L. Weiss1, 2, J. Caravanos3 and R. J. Jaeger1, 2. 1Environmental Medicine Inc.,
Westwood, NJ, 2Environmental Medicine, New York University, New York, NY and
3
School of Health Sciences, Hunter College CUNY, New York, NY.
INTRODUCTION
Recent studies have shown that elevated lead dust loadings in urban areas may be
attributed to endogenous soil as well as renovation and demolition activities. In an
effort to better understand the environmental contamination pathway for lead in
exterior surface dust, urban roadway grit and associated roadway soils were sampled. It was hypothesized that urban structural steel renovation and structural deleading may contribute to elevated lead levels in roadway grit which in turn may be
re-entrained into the atmosphere and then distributed locally by prevailing winds.
MATERIALS/METHODS
Urban roadway grit (soil) was sampled for lead content along major thoroughfares
in all boroughs of New York City (NYC). Lead sampling was also conducted below
two NYC elevated subway lines with adjacent background sampling. A total of 255
samples were collected and geo-plotted.
RESULTS
The findings for background roadway grit lead levels for which no apparent lead
source such as structural steel abatement or building renovation work was observed,
revealed that over 20% of samples exceeded the U.S. EPA lead in soil standard of
400 ppm. In areas where an obvious lead source was present, such as elevated subway trestle or highway overpass structures, the results for lead in soils and/or grit far
exceeded acceptable U.S. EPA lead levels, often with values in the thousands of
ug/g(ppm).
DISCUSSION
There has been increased regulatory and political attention given to reducing childhood blood lead levels which has proved to be remarkably successful. Lead poisoning continues to decline with national data (NHANES) indicating that U.S. childhood background levels are approximately 2.0 ug/dl. However, in urban areas, the
value is greater. The authors theorize that exterior sources of lead, as may be found
in contaminated grit and/or soil, may significantly impact childhood blood lead
levels in urban areas.
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PRE-KATRINA NEW ORLEANS: ACCUMULATION AND
SYNERGY OF LEAD AND MERCURY AND
CHILDREN’S HEALTH
H. Mielke, E. Powell, S. Alston, J. Manuel and C. Gonzales. Basic
Pharmaceutical Sciences, Xavier University, New Orleans, LA.
This research focuses on metals, especially lead and mercury, accumulated in the
surface soil of New Orleans residential communities prior to the 29 August 2005
flooding event associated with Hurricane Katrina. The most recent soil chemical
survey of metropolitan New Orleans (n=5,467 samples stratified by 286 census
tracts) was completed in 2001. Composite soil samples for each census tract were
also analyzed using direct mercury analysis (Milestone DMA-80). The findings
were linked to location with GIS methodology and show that metals accumulated
unevenly in the city. The largest reservoir of metals (median ~1,000 mg/kg Pb) was
located in relatively undisturbed soils that are common on residential properties
within the inner ring of communities surrounding the central business district. The
sources of lead and mercury were from the use of large quantities of common commercial goods such as paint and fossil fuels with lead additives and/or sulfur coupled with mercury. The survey maps of New Orleans show that the urban environment was a sink for multiple metals thereby notably altering the chemical milieu of
the city. This presentation describes the pattern of the neurotoxicants lead and mercury in pre-Katrina New Orleans, elucidates the potential biochemical disruptions
due to the synergy between lead and mercury, illustrates the association between accumulated lead in the environment and children’s exposure burden (p<0.0001), illustrates the association between seasonal variation of blood lead and soil moisture
(p<0.0001), and shows the association between multiple metal accumulation and
hindered learning achievement of elementary students (a surrogate measure of neurotoxicological disorders) across the entire New Orleans metropolitan area
(p<0.0001). The soil metal survey of New Orleans provides the foundation for de-
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veloping a rational program for preventing children’s metal exposure and reducing
the prevalence of neurotoxicological disorders that are associated with accumulated
metals in the urban environment.
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MOTOR IMPAIRMENT AND CELL DEATH IN
SUBSTANTIA NIGRA COMPACTA AND CORPUS
STRIATUM AFTER MANGANESE INHALATION
M. Avila-Costa2, 1, J. Ordonez L2, A. Gutierrez V.2, L. Colin-Barenque2, P.
Aley2, E. Jesus2, P. Mussali1, V. Rodriguez-Lara1, G. Pinon-Zarate1, M. RojasLemus1, P. Diaz-Bech1, G. Martinez-Levy1, V. Delgado1 and T. I. Fortoul1.
1
Biologia Celular y Tisular, UNAM, Mexico, D.F., Mexico and 2Neurociencias,
UNAM, Mexico, Edo Mex, Mexico.
Prolonged exposure to manganese (Mn) in mammals may cause an extrapyramidal
disorder characterized by dystonia and rigidity. The mechanisms of manganese toxicity in the brain are slowly being elucidated. Some reports assume that Mn induces
alterations mainly in globus pallidus and substantia nigra pars reticulata, but no experimental information is available about its inhalation, for this reason our goal was
to determine if the structures directly involved in Parkinson’s disease are affected by
Mn inhalation through immunocytochemical and ultrastructural analysis and to
correlate those changes with motor performance. CD-1 male mice 35g inhaled
0.04 M MnCl2, one hour twice a week for 14 weeks. Animals were trained on the
reaching task before the inhalation and evaluated after the Mn exposure, then were
sacrificed each week, perfused by intracardiac puncture with saline and fixed with
glutaraldehyde and paraformaldehyde. Corpus striatum and substantia nigra pars
compacta were processed for electron microscopy and tyroxine hydroxylase (TH)
immunocytochemistry. Poor performance in the reaching task, decreased number
of TH-positive cells, necrosis and apoptosis in both substantia nigra and striatum
and evident neuropil alterations were observed in those animals exposed to Mn.
Our data provides evidence that Mn inhalation produces morphological and behavioral alterations similar to those observed in Parkinson disease providing a useful experimental model for the study of this neurodegenerative alteration.

2062

EFFECTS OF MANGANESE ON ACONITASE AND IRON
REGULATION IN A GABAERGIC CELL MODEL
D. R. Crooks1, M. C. Ghosh2, T. A. Rouault2 and D. R. Smith1. 1Environmental
Toxicology, UC Santa Cruz, Santa Cruz, CA and 2Cell Biology and Metabolism
Branch, NICHD, Bethesda, MD.
Exisiting studies suggest that mitochondrial dysfunction and disturbances of cellular iron regulation are important mechanisms underlying manganese (Mn) neurotoxicity, though the relative importance and possible interaction of these mechanisms is not known. Using the GABAergic rat striatal AF5 cell line, we showed that
Mn effects on amino acid metabolism resembled effects induced by fluorocitrate,
an inhibitor of the TCA enzyme aconitase, and not effects produced by other
model toxicants such as paraquat and rotenone. Consistent with this, Mn treatment significantly inhibited total cellular aconitase activity in AF5 cells, and resulted in a 90% increase in intracellular citrate, the substrate of aconitase. To test
the relative suceptibility of both mitochondrial and cytosolic aconitase (m- and cACO) to inhibition by Mn, fractions of AF5 cells containing m- or c-ACO were
treated with Mn and assayed for aconitase activity. 2mM Mn reduced the activity of
m-ACO by 50%, while c-ACO activity was affected only at much higher Mn levels, suggesting that m-ACO is more succeptible to inhibition by Mn in-vitro. CACO/IRP1, along with IRP2, regulates cellular iron status by controlling the abundance of iron-related proteins such as ferritin and transferrin receptor (TfR). Mn
treatment has been shown to decrease ferritin and increase in TfR abundance. To
test whether Mn-induced alteration in the abundance of these proteins is directly
mediated by c-ACO/IRP1, transgenic mouse fibroblasts lacking either cACO/IRP1 or IRP2, and wild type fibroblasts were treated with Mn, and alterations in ferritin and TfR abundance were examined by western blot. Our results
demonstrate that cells lacking IRP1 show the greatest changes in ferritin and TfR
during Mn treatment. Fluorocitrate treatment caused a similar response in fibroblasts lacking IRP1. Together these results suggest that Mn may act specifically upon
m-ACO in cultured cells, and that Mn-induced alteration in iron regulatory status
is not directly mediated by c-ACO/IRP1.
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FINE-PARTICLE MN AND OTHER METALS LINKED TO
THE INTRODUCTION OF MMT INTO GASOLINE IN
SYDNEY, AUSTRALIA: RESULTS OF A NATURAL
EXPERIMENT
D. Cohen2, B. Gulson1, M. Davis3, E. Stelcer2, D. Garton2, O. Hawas2 and A.
Taylor1. 1Graduate School of the Environment, Macquarie University, Sydney, NSW,
Australia, 2ANSTO, Sydney, NSW, Australia, 3USEPA, Research Triangle Park, NC
and 4Psychology, Macquarie University, Sydney, NSW, Australia.
PM2.5 particulates were analyzed using accelerator-based ion beam methods for a
suite of 21 species (H, C, Na, Al, Si, P, S, Cl, K, Ca, Ti, V, Cr, Mn, Fe, Co, Ni, Cu,
Zn, Br, Pb) to evaluate the contribution to Sydney air associated with the introduc-

tion of MMT as a replacement for Pb. MMT was discontinued in 2004. Teflon filters continuously sampled for 7 years from 1998 to 2004 were analysed from two
sites: a suburb (Mascot) close to the Central Business District [CBD (n=718)] and
a high trafficked area, and a relatively rural (background) setting, ~ 20 km west of
the CBD (n=730). Mean Mn concentrations in air at the background site increased
from 1.5-1.6 ng/m3 to <2 ng/m3 at the time of greatest MMT use whereas those at
Mascot increased from about 2 to 5 ng/m3. From the maximum values, the Mn
showed a steady decrease at both sites concomitant with the decreasing use of
MMT. Lead concentrations in air at both sites decreased from 1998 onwards, concomitant with the phase out of leaded gasoline in 2002. A high correlation was obtained for the relationship between Mn in air and lead replacement gasoline (LRG)
use (R2 0.83) and an improved correlation for Mn/ Al+Si+K and LRG use (R2
0.93). With Mn concentrations normalized to background values of Al+Si+K to account for the lithogenically-derived Mn, the proportion of anthropogenic Mn was
~70%. Changes for Mn and Pb in the particulates are attributed to the before-during-after use of MMT and decreasing use of Pb in gasoline. Values measured in
Sydney air are well below the reference concentration of 50 ng Mn/m3.
Incremental increases in air are larger than expected given the limited use of MMT
only in LRG.
Keywords: Mn, Pb, automobiles, air, soil, ion beam methods, sources
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MANGANESE DISTRIBUTION IN PRIMATE TISSUES
AFTER WELDING FUME EXPOSURE

I. Yu1, J. Sung1, C. Kim2, S. Yang3, H. Chung4, H. Khang3, J. Park5, E. Park4,
J. Heo2, Y. Chung1, J. Han1 and J. Lee1. 1Laboratory of Occupational Toxicology,
OSRHI/Korean OSHA, Daejeon, South Korea, 2Korea Institute of Toxicology,
Daejeon, South Korea, 3Department of Radiology, Eulji University, Daejeon, South
Korea, 4Department of Preventive Medicine, Sung Kyun Kwan University, Suwon,
South Korea and 5Department of Preventive Medicne, Chung Ang University, Seoul,
South Korea.
Welders working in a confined space, like in the shipbuilding industry, are at risk of
being exposed to high concentrations of welding fumes and developing pneumoconiosis or other welding-fume exposure related diseases. Among such diseases, manganism resulting from welding-fume exposure remains a controversial issue, as the
movement of manganese into specific brain regions has not been clearly established.
The increased signal intensities in the globus pallidus and subcortical frontal white
matter in the T1-weighed magnetic resonance resonance from welders further need
to be identified for correspondence with the increase of manganese concentration.
Accordingly, to investigate the movement of manganese after welding fume-exposure, six cynomolgus monkeys were acclimated for a month and assigned to 3 dose
groups: unexposed, low dose (37 mg/m3), and high dose (63 mg/m3) total suspended particulates. The primates were exposed to manual metal arc-stainless steel
(MMA-SS) welding fume for 2 hrs per day in an inhalation chamber system that is
equipped with an automatic fume generator. Magnetic resonance Imaging (MRI)
studies were conducted before the initiation of exposure and thereafter every
month. During the exposure, the primate blood chemistry and hematology were
monitored, and the concentrations of metal components in the blood were measured every 2 weeks and compared with ambient manganese concentrations.
Although time-dependent increases of Cr were observed in the blood of the exposed primates exposed for 1 month, the manganese concentrations in the blood
did show any significant changes. Thus the manganese inhaled from the welding
fumes showed different pharmacokinetics from those resulting from manganeseonly exposure.
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CHANGES IN MN AND PB IN THE ENVIRONMENT
AND YOUNG CHILDREN ASSOCIATED WITH THE
INTRODUCTION OF MMT IN GASOLINE

B. Gulson1, K. Mizon1, M. Korsch2, H. Louie5, M. Wu5, J. Stauber3, J. Davis4
and A. Taylor1. 1Grad School of Environment, Macquarie University, Sydney, NSW,
Australia, 2CSIRO, Sydney, NSW, Australia, 3CSIRO, Sydney, NSW, Australia,
4
EPA, Research Triangle Park, NC and 5AGAL, Sydney, NSW, Australia.
This is a 4 year longitudinal study to evaluate changes to the environment and exposure of young children associated with the introduction of methylcyclopentadienyl manganese tricarbonyl (MMT) into Australia in 2000. The cohort is 57 females and 56 males; age range of 0.29 to 3.9 years. 6 Monthly sample collection
from children located at varying distances from major traffic thoroughfares in
Sydney. Environmental samples: air, house and day care dustfall, soil, sweepings
and gasoline. Children Samples:blood,urine, handwipes prior to and after playing
outdoors, and a 6-day duplicate diet. All samples are analysed for a suite of 20 elements using ICP-MS. Results are presented for the first three 6-month sampling
periods for Pb and Mn. For dustfall accumulation, there was no significant change
over the 3 sampling periods (time) for Pb or Mn, and a positive relationship between ‘traffic exposure’ (traffic volume and proximity to the road) and Pb but not

Mn. For handwipes, Pb and Mn in wipes taken from children after playing outdoors was usually significantly greater than for wipes taken prior to playing. There
was no significant association between Pb or Mn in handwipes with traffic exposure. Dustfall accumulation was a significant predictor for Pb in the handwipes,
and dust sweepings were a significant predictor of Mn in handwipes. Blood lead
(PbB) ranged from 0.6 to 19 µg/dL (GM 2.6) (n=269), and manganese in blood
(MnB) ranged from 1.8 to 45 µg/L (GM 11.6) (n=254). There was no significant
difference between females and males for either mean PbB or MnB; over time there
was a significant decline in PbB but no significant change in MnB. The only significant predictor for PbB was dustfall accumulation. The only significant predictor
for MnB was Mn in handwipes prior to playing. At this early stage of the investigation we have not been able to detect any increases in Mn in these environmental
samples or blood samples associated with the use of MMT.
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DEMETHYLATION OF METHYLMERCURY IN PRIMARY
CULTURES OF CEREBELLAR NEURONS AND
ASTROCYTES

T. Syversen1, E. Kummeneje1 and M. Aschner2. 1Department. of Neuroscience,
Norwegian University of Science and Technology, Trondheim, Norway and
2
Department . of Pediatrics, Vanderbilt University Medical Center, Nashville, TN.
It has been suggested that inorganic mercury (iHg) is the toxic species that mediates
the neurotoxicity of the organometal methylmercury (MeHg) and that the delay in
the appearance of clinical symptoms could be explained by a slow demethylation
process of MeHg. We have tested primary cultures of cerebellar neurons and astrocytes for mercury uptake and the presence of iHg. Cerebellar astrocytes and neurons were prepared from one week old mice. The maturation and life span for such
cultures is one week for neurons and three weeks for astrocytes. Neuronal cultures
were incubated with 0.1 µM MeHg for one week without any media change. The
astrocytes were grown for three weeks and the growth media was replaced five times
during this period. The fetal calf serum content in the astrocyte growth media was
gradually changed from 20% to 10% while the mercury exposure was kept constant at 0.1 µM MeHg. Cells were harvested in 1 M NaOH. Inorganic and total
mercury were determined by cold vapor atomic absorption. At the end of the exposure period astrocytes contained 47±22 ng Hg/mg protein and 4.5% of it represented iHg. The neurons, which predominantly represented granule cells, contained 75±15 ng Hg/mg protein and 2% of it represented iHg. Thus, the neurons
differ significantly (p<0.01) from astrocytes both with respect to total Hg content
and relative iHg content. This reinforces previous studies from our laboratory that
neurons in culture accumulate more Hg than astrocytes do. The higher relative
content of iHg in the astrocytes indicate that demethylation of MeHg is active in
brain astrocytes.
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ACCELERATED URINARY EXCRETION OF
METHYLMERCURY FOLLOWING ADMINISTRATION
OF ITS ANTIDOTE N-ACETYLCYSTEINE REQUIRES
Mrp2/Abcc2, THE APICAL MULTIDRUG RESISTANCEASSOCIATED PROTEIN

M. S. Madejczyk, T. A. Simmons-Willis and N. Ballatori. Environmental
Medicine, University of Rochester School of Medicine, Rochester, NY.
Methylmercury (MeHg) is a potent neurotoxicant, which once ingested, rapidly
distributes to all tissues of the body. Current therapies for removing MeHg from
the body include hemodialysis, exchange transfusion, and chelation therapy. The
clinically used amino acid derivative N-acetylcysteine (NAC) is a sulfhydryl-containing compound that produces a dramatic acceleration of urinary MeHg excretion in poisoned mice, but the molecular mechanism for this effect is poorly defined. MeHg readily binds to NAC to form the MeHg-NAC complex, and recent
studies indicate that this complex is an excellent substrate for the basolateral organic anion transporter-1, Oat1/Slc22a6, thus potentially explaining the uptake
from blood into the renal tubular cells. The present study tested the hypothesis that
intracellular MeHg is subsequently transported across the apical membrane of the
cells into the renal tubular fluid as a MeHg-NAC complex utilizing the multidrug
resistance-associated transporter-2 (Mrp2/Abcc2). Wild type and transport deficient (TR-) Wistar rats were given an acute dose of 14C labeled MeHg iv, and
treated with NAC iv after one hour. Urine was collected in 30-minute intervals for
4.5-5.5 hours. Wild-type rats excreted almost no [14C]-MeHg in their urine, while
NAC markedly stimulated urinary [14C]-MeHg excretion. A second dose of NAC
was as effective as the first dose in stimulating MeHg excretion at both doses tested.
In contrast with the wild-type Wistar rats, NAC was much less effective at stimulating urinary MeHg excretion in the Mrp2-deficient (TR-) Wistar rats. The TRrats excreted approximately 25% of the MeHg excreted by the wild-type animals at
the higher dose of NAC. These results indicate that Mrp2 is involved in urinary
MeHg excretion after NAC administration, and that the transported molecule is
most likely the MeHg-NAC complex. (Supported by ES06484, DK48823,
ES01247, and ES07026)
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2068

INTERFERENCE OF NICKEL ON IRON HOMEOSTASIS

2071

H. Chen, T. L. Davidson, G. Kang and M. Costa. Department . of
Environmental Medicine, New York University, Tuxedo, NY.
Nickel compounds are known to initiate a hypoxic response in cells by interfering
with several Fe(II)-dependent enzymes. In this study, the effects of soluble nickel
exposure on iron homeostasis were investigated. We found that nickel treatment
decreased both mitochondrial and cytosolic aconitase activity in lung carcinoma
A549 cells. Cytosolic aconitase was converted to iron-regulatory protein 1, a form
critical for the regulation of cellular iron homeostasis. The increased activity of
iron-regulatory protein 1 after nickel exposure stabilized and increased transferrin
receptor (Tfr) mRNA and antagonized the iron-induced ferritin light chain protein
synthesis. To investigate the effects of nickel on iron homeostasis in vivo, mice were
exposed to nickel chloride in drinking water for six month. The effects of nickel on
body iron homeostasis, including serum iron level, iron-regulatory protein activity
and ferritin level in liver and kidney, are currently under investigation. This disturbance of iron homeostasis by nickel may have a great impact on the ability of body
or cell to regulate a variety of functions, as well as create a state of hypoxia under
normal oxygen tension. These effects may be very important in understanding
nickel toxicology.
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CARCINOGENIC AND TOXICOLOGICAL EFFECTS OF
EMBEDDED TUNGSTEN AND TUNGSTEN ALLOYS

L. E. Roszell, B. Paulus and G. J. Leach. US Army CHPPM, Aberdeen Proving
Ground, MD.
Alloys of tungsten such as Tungsten/Nickel/Cobalt (W/Ni/Co) and
Tungsten/Nickel/Iron (W/Ni/Fe) are being developed as potential replacements for
Depleted Uranium and as anti-personnel weapons. Tungsten (W) is also being considered as a replacement for lead in small caliber munitions. Two components of
tungsten alloys, nickel and cobalt, are known carcinogens, and there is evidence
that another component, iron, may increase the development of cancer. A preliminary study by Kalinich et al. (2005) demonstrated that rats implanted with
W/Ni/Co developed aggressive, metastatic tumors, while rats implanted with Ni
alone developed tumors but not metastases. These data suggest that W alloys may
present a unique health hazard to Soldiers wounded by W alloys. To better understand the progressive toxicological effects of these alloys as well as histological, biochemical and transcriptosome changes in tissues preceding or accompanying such
events, we have implanted Fisher-344 rats with pellets of W, W/Ni/Co or W/Ni/Fe.
Effects will be assessed 1, 3, 6, 12, and 24-months post-implantation. Following
three months of exposure, rats showed normal weight gain. There were no significant changes in organ/body weight ratios, biochemical, or hematological parameters. Mild fibrous reactions were noted around pellets in all treatment groups.
Palpable swellings of undefined origin were detected around pellets as early as 4months post-implantation; however, these were not specific to a particular treatment group.
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90-DAY ORAL TOXICITY OF SODIUM TUNGSTATE IN
SPRAGUE-DAWLEY RATS

G. A. Parker1, 2, P. A. Beall3 and W. C. McCain3. 1Biotechnics, Inc., Hillsborough,
NC, 2Pathology, WIL Research Laboratories, Ashland, OH and 3Toxicology, US Army
Center for Health Promotion and Preventive Medicine, Aberdeen Proving Ground,
MD.
As a preliminary step in the investigation of the toxicity of tungsten-containing alloys, male and female Sprague-Dawley rats were given sodium tungstate (as dihydrate) in water via daily oral gavage for 90 consecutive days at dosage levels of 0, 0.2,
2, 20 or 200 mg/kg of body weight. After the dosing period, surviving rats were sacrificed and tissues were collected for histopathologic examination. Six of ten male
rats and two of ten female rats from the 200 mg/kg group died or were sacrificed
due to humane considerations between Days 35 and 86. The kidneys of decedent
and surviving male and female rats had pronounced histologic changes consisting of
increased cytoplasmic basophilia and reduction in overall size of cortical tubular epithelial cells, typical of regenerative tubular epithelial cells. Occasion mitotic figures
were noted in basophilic renal tubular epithelial cells. The kidneys of two decedent
male rats had necrosis of cortical tubular epithelial cells and well as pronounced tubular regeneration. Male rats given sodium tungstate at 20, 2, or 0.2 mg/kg had an
increased incidence of tubular basophilia that was similar in severity to that seen as
part of the spontaneous nephropathy syndrome of laboratory rats, which is most
common in male rats. The histologic changes indicated that sodium tungstate was
nephrotoxic to male and female Sprague-Dawley rats when administered by oral
gavage at a dosage level of 200 mg/kg, and that dosage levels down to 0.2 mg/kg
may increase the incidence of tubular degeneration/regeneration in male rats.
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BLOOD URANIUM CONCENTRATION AS A
BIOMARKER OF HUMAN EXPOSURE TO DEPLETED
URANIUM (DU) IN GULF WAR I VETERANS WITH
EMBEDDED FRAGMENTS

K. S. Squibb1, T. Todorov2, J. Centeno2, S. Engelhardt1 and M. McDiarmid1.
1
University of Maryland School of Medicine, Baltimore, MD and 2Armed Forces
Institute of Pathology, Washington, DC.
Urine uranium (U) concentration has become the accepted biomarker of U exposure in environmental and occupationally exposed populations, including soldiers
exposed to depleted uranium (DU) by inhalation, ingestion, wound contamination
and embedded fragments arising from the use of DU munitions in recent military
conflicts. Confirmation that urine U concentrations reflect systemic exposure levels
for the unique exposure route that occurs in soldiers with embedded fragments has
not been possible due to limitations in the sensitivity of available techniques for
analysis of U in blood. Recently developed ICP-MS techniques, however, have
overcome Fe interference and tissue matrix effects, making it possible to compare
urine and blood U concentrations in a cohort of DU-exposed Gulf War I veterans.
Blood concentrations in the DU-exposed cohort ranged from 0.01 to 0.88 µg/L,
with mean blood U concentrations significantly higher in soldiers with embedded
shrapnel versus those without (0.22 vs 0.02 µg/L, respectively, p = 0.038).
Regression analysis indicated a strong correlation between blood and urine U concentrations in veterans with DU shrapnel (0.984, p=0.01), but no correlation in
veterans without evidence of shrapnel (-0.071, p=0.771). These results confirm the
suitability of blood or urine U assays as biomarkers of systemic exposure to U in
soldiers with embedded DU fragments; however urine U has greater utility as a biomarker over the full distribution of U exposures normally encountered, especially
those in the low range. (Supported by the Department of Veterans Affairs).
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INDICATIONS FOR SURGICAL REMOVAL OF
DEPLETED URANIUM (DU) SHRAPNEL IN GULF WAR I
VETERANS

M. McDiarmid1, 2, S. Engelhardt1 and K. S. Squibb2. 1Department of Veterans’
Affairs Medical Center, Baltimore, MD and 2UM School of Medicine, Baltimore, MD.
The Department of Veterans’ Affairs (DVA) Depleted Uranium Follow-Up
Program instituted in 1993 follows a cohort of Gulf War I soldiers who were victims of ‘friendly fire’ involving DU munitions (McDiarmid et al, J Occup Env Med
43: 991, 2001; McDiarmid et al. Int Arch Occup Environ Health, in press). A
number of soldiers continue to possess embedded fragments of DU, as surgical removal was precluded by associated morbidity and was thought unnecessary based
on older literature regarding lead bullet behavior in tissue. During the years since
injury, however, some soldiers have displayed persistently high urine U levels, resulting from slow release of DU from fragments oxidizing in situ. Modeling of renal
cortex U concentrations suggested that soldiers with the highest U burdens were
approaching the threshold for potential renal injury. In addition, a newly considered indication for surgical removal of fragments has emerged from animal studies
showing halo formation on X-ray prior to development of sarcomas around embedded DU pellets (Hahn et al. Env Hlth Pers 110: 51, 2002). Two members of the
DU cohort have recently undergone surgical removal of DU fragments; one due to
high urine U excretion and the other due to halo formation around a fragment observed on X-ray. Pre-treatment of these soldiers with Na bicarbonate to alkalinize
their urine was performed to maximize U excretion, thus protecting their kidney
from any acute U bolus encountered if an encapsulated liquid-filled mass were to
break during removal. In both patients, alkalinization enhanced urinary elimination of U, although to different degrees. A marked decline in urine uranium was
observed in both patients at their 2-year follow-up visit. While neither of the fragments was encapsulated or had a liquid-filled capsule, alkalinization is still advised
as a protective action to minimize toxicity from a potential U bolus released by
fragment manipulation. (Supported by Department of Veterans’ Affairs)
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EFFECT OF ORGANIC ACID LIGANDS ON
URANIUM(VI) TOXICITY

C. J. Kuehl1, V. H. Coryell1, R. C. Lantz2 and D. M. Stearns1. 1Department of
Chemistry, Northern Arizona University, Flagstaff, AZ and 2Cell Biology and
Anatomy, University of Arizona, Tucson, AZ.
Environmental and occupational exposure to uranium occurs as a result of uranium mining, residual mine tailings, and the use of depleted uranium in the military. The risks associated with these exposures are unclear. Naturally-occurring uranium and depleted uranium are believed to be health hazards by virtue of both
their chemical and radiological properties. The mechanism(s) behind uranium’s
chemotoxic effects has yet to be elucidated. The purpose of the current study was to
determine the extent to which the cytotoxicity of uranium(VI) is affected by complexation with ligands that may model organic acids found in soil. Depleted ura-

nium as uranyl nitrate (UN) was reacted with four organic acids: citric acid (CA),
2,3-dihydroxybenzoic acid (2,3-DHBA), 2,6-dihydroxybenzoic acid (2,6-DHBA),
and hydroxyisophthalic acid (HIPA). Products were characterized by NMR, ESIMS, and X-ray crystallography. For example, at neutral pH 2,3-DHBA formed 2:2
and 3:3 uranium to ligand complexes, and at low pH a 1:3 monomeric uranium
complex was crystallographically characterized. The cytotoxicity of uranium(VI) in
the presence of these ligands was measured by the colony formation assay in CHO
AA8 cells exposed to aqueous solutions of complexes for 48 hr. The ligands alone
did not appreciably decrease cell survival. Complexes of uranyl with CA, 2,3DHBA and 2,6-DHBA were more toxic than solutions of UN in the absence of
ligands; however, complexes of uranyl with HIPA was not more toxic than solutions of UN alone. The cytotoxicity profiles of complexes of uranyl with 2,3DHBA and 2,6-DHBA were more like that of the uranyl-citric acid complex profile, suggesting a possible similarity of structure or cytotoxicity mechanism among
the three complexes. Results suggested that uranium(VI) toxicity may be influenced by complexing organic ligands. Supported by NIH grants CA96320 (DMS)
and CA096281 (RCL).
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URANIUM INHIBITS THE BINDING OF
TRANSCRIPTIONAL REGULATORS TO DNA

R. Lantz1, D. J. Segal2 and D. M. Stearns3. 1Cell Biology and Anatomy, University
of Arizona, Tucson, AZ, 2Medical Pharmacology and Toxicology, UC Davis, Davis,
CA and 3Chemistry and Biochemistry, Northern Arizona University, Flagstaff, AZ.
Metal chelation is often required for proper protein folding and function.
Interaction with xenobiotic metals may cause disruption of protein function and
changes in cell physiology. In order to examine the effects of environmentally relevant doses of uranium on regulation of gene expression, female pregnant C57BL/6
mice were exposed to 60 ppb uranyl nitrate in the drinking water throughout an
entire pregnancy. After birth, lungs from the mothers were harvested for RNA isolation and analysis. Total RNA was used for Affymetrix microarray analysis. Using
an annotated database (MetaCore), known transcriptional regulators of the 134 altered genes were identified. Sp1, AP-1 and NF-κB regulated the highest number of
altered genes. The ability of uranium to interfere with interactions between these
transcription factors and DNA was examined, in vitro, with electrophoretic mobility shift assays and enzyme linked immunosorbent assays. Uranyl acetate at 10-200
microM was found to inhibit the DNA binding activities of Aart, Sp1, NF-κB and
AP-1. DNA binding activity was recovered as the uranium concentration was decreased to 6 microM. DNA binding was not repressed when DNA was pre-exposed
to 50-200 microM uranyl acetate, suggesting the inhibition resulted from the interaction of uranium and protein. The inhibition of both zinc-binding (Aart, Sp1)
and non-zinc-binding (NF-κB, AP-1) proteins suggests that inhibition of DNA
binding was not due solely to zinc ion displacement. These results suggest that a
nonradioactive interaction exists between uranium and important transcriptional
regulators that could lead to altered gene expression. (Supported by NIH grants
CA96281, CA96320 and ES06694)
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DETERMINATION OF VANADIUM TISSUE
CONCENTRATIONS IN BRAIN, KIDNEY, LIVER, LUNG,
TEETH AND TESTES AFTER DIFFERENT EXPOSURE
TIMES

T. I. Fortoul1, M. Avila-Costa2, L. Saldivar3, G. Espejel-Maya3, L. ColiBarenque2, P. Bizarro-Nevarez1, P. Mussali-Galante1, V. Rodriguez-Lara1, G.
Pinon-Zarate1, G. Martinez-Levy1, M. Rojas-Lemus1 and V. Delgado1. 1Biologia
Celular y Tisular, Facultad de Medicina, UNAM, Mexico City, Mexico,
2
NEUROCIENCIAS, FES IZTACALA, EDO. MEXICO, Mexico and 3FAC.
QUIMICA, UNAM, MEXICO CITY, Mexico.
Pollution by suspended particles has increased in the last decades, and important
components of them are metals which are adsorbed on its surface. One of the elements reported on these particles is Vanadium, whose main source is the combustion of fossil fuels. In order to evaluate the biological effects of inhaled V we designed an experimental model in mice to identify the concentrations in those tissues
of major biological impact. CD-1 male mice 33±2g inhaled V205 (0.02M) twice a
week per 10w. Animals were sacrificed each week; organs were perfused by intracardiac puncture with saline and fixed with formaldehyde. V was determined by
Atomic Absorption Spectometry(1)in brain, kidney, lung, teeth and testes. Results
indicated that the metal increased as early as the first 24h of exposure, with different patterns of behavior. The organ with the highest concentrations was the teeth
(10 times higher compared with other organs). In testes V maintained an average
concentration during the whole exposure time. In kidney, liver, lung and brain the
concentration was in a dose/response fashion. It is relevant to identify the course
that V exposure has in each organ, since its biological consequences would be expected to differ and possibly the mechanisms involved.
(1)Arch Environ Health 2002; 57:446-449.
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GENOTOXIC POTENTIAL OF INHALED VANADIUM
ON MOUSE TESTES

P. mussali1, M. Avila-Costa2, L. Colin-Barenque2, P. Bizarro-Nevares1, T.
Fortoul1 and E. Tovar-Sanchez3. 1Biologia celular y tisular, Universidad Nacional
Autonoma de Mexico, Mexico City, Mexico, 2Departamento de Neurociencias,
Universidad Nacional Autonoma de Mexico, Mexico City, Mexico and 3Centro de
educacion ambiental e investigacion Sierra de Huautla, Universidad Autonoma de
Estado de Morelos, Cuernavaca, Morelos, Mexico.
Vanadium is an important environmental and industrial pollutant that its concentrations have increased in the last decades. Due to its contradictory status as a genotoxic and a well known reprotoxic agent, the aim of the present study was to investigate the genotoxic potential of vanadium pentoxide inhalation on testicular cells
using the single cell gel electrophoresis assay or comet assay. Comet assay test methods are increasingly used to identify substances with genotoxic activity. Male mice
inhaled vanadium pentoxide (0.02M) 1hour/twice a week for 8 weeks, a total of 40
treated and 24 control animals were used. Our results demonstrated that this metal
was capable of reducing the comet tail length compared to the control group, the
statistical analysis showed highly statistical significant differences between controls
and the treated group at all treatment points, results which are in agreement with
the suspected genotoxic status of vanadium, these findings suggests that this metal
may be acting as a crosslinking agent in testicular cells, results that support other
observations that vanadium may be a crosslinker and a non-clastogenic agent, a fact
that is of particular interest due to the implications that it may have on the spermatogenic process and that might modify male fertility which has been increased in
highly polluted areas.
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COMPARISON OF METALS IN HUMAN MILK AND
URINE USING TRACE MULTIELEMENT ANALYSES

S. E. Fenton1, J. L. Rayner3, B. Heidenfelder2, A. M. Levine4, L. Iordanidis4, J.
E. Gallagher2 and E. P. Hines1. 1ORD/NHEERL, Reproductive Toxicology Division,
USEPA, Research Triangle Park, NC, 2ORD/NHEERL, Human Studies Division,
USEPA, Chapel Hill, NC, 3DESE, UNC, Chapel Hill, NC and 4RJ Lee Group,
Monroeville, PA.
Healthy, nonsmoking women from 18-38 years old twice donated milk and urine
(2-7 weeks and 3-4 months postpartum) as part of the EPA’s Methods
Advancement for Milk Analysis study, a pilot for the National Children’s Study
(NCS). Our goals were to determine 1) if routine high throughput methods for the
measurement of metals in urine could be applied to breast milk, 2) the levels of
metals detected and the relationship between them in these two biologic sources, 3)
if urine can be used as a surrogate for milk.
Eleven metals (Be, V, Cr, Mn, Fe, Cu, Zn, As, Se, Cd, and Pb) were measured in a
matched subset of milk and urine samples (N=12) donated 2-7 weeks postpartum.
Spike-recovery analyses were performed using SRM milk and urine reference standards. Recoveries in milk ranged from about 98-112% for all metals. Inductively
coupled plasma mass spectrometry reliably detected five metals in milk samples
(Mn, Fe, Cu, Zn, and Se), whereas Cr, Fe, Zn, As, and Se were above detection limits in urine from these women. Interestingly, zinc ranged from 500-5000ppb in
milk, but only 50 to 600 ppb in urine. Iron was also at higher levels in milk; ranged
500-1200ppb vs. 200-550ppb in urine. Selenium was detected at similar levels in
urine and milk samples (40 to 150ppb). Arsenic was detected in urine of 3 women
at levels ranging from 40 to 400ppb, but not in breast milk. These preliminary data
suggest that breast milk monitoring may detect routine dietary metals, whereas urinary metal measurements may be a more sensitive indicator of environmental components. Comparison of early vs. mid lactation milk samples with their paired urine
samples will provide further information on the pattern of partitioning of these
compounds. (This abstract does not necessarily reflect EPA policy.)

2078

AN ASSAY FOR TOXIC EVALUATION OF BIOAVAILABLE
TOXICANTS (E.G. ARSENIC AND URANIUM) USING
THE A LUMINESCENT BACTERIAL BIOSENSOR

C. K. Begay1, M. Yellowhair1, J. W. Neilson2, R. M. Maier2 and A. J. Gandolfi1.
1
Department of Pharmacology & Toxicology, University of Arizona, Tucson, AZ and
2
Department of Soil, Water and Environmental Science, University of Arizona,
Tucson, AZ.
The goal of this research is to evaluate the potential for use of the luminescent
bioreporter strain E. coli HB101 pUCD607 [EC607] to rapidly screen for toxicity
of various bioavailable toxicants in environmental samples. Specifically, the toxicity
of arsenic and uranium species were evaluated. First, the bioluminescence response
of EC607 to various arsenic species was determined to validate the assay. Next, a
toxic evaluation was made of uranium species. Standardized EC607 cultures were
exposed to increasing concentrations (0.1–50 mM) of arsenate, arsenite,
monomethylarsonous acid (MMA3+), methylarsonic acid (MMA5+), and dimethylarsinic acid (DMA5+) for 45 min in microtiter plates. The plates were
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placed in a microplate reader to monitor luminescence. Results indicate that as arsenate, arsenite, and MMA3+ arsenic concentrations were increased, there was a
corresponding decrease in bioluminescence from the bioreporter after 10 min on
the plate reader. The minimal toxic levels for arsenate and arsenite toxicity, were 0.5
mM and 0.25 mM, respectively. MMA5+ and DMA+5 were, as expected, not toxic
even at concentrations of 50 mM. MMA3+ was 2.5 times more toxic than arsenite.
The toxic levels of arsenate and arsenite in this assay are equal to or lower than those
previously reported for the Microtox© assay. Exposure to uranyl acetate (0.5 – 5.0
mM) also decreased the bioluminescence of the bioreporter (min. of 2.0 mM).
Interestingly, treatment of the uranyl acetate with ascorbic acid to convert U6+ to
U4+ increased the toxicity to the bioreporter. This is the first report of toxic evaluation of uranium species using a bioluminescent reporter assay. These results suggest that the EC607 biosensor will serve as a rapid screening tool to: (1) predict potential risks of arsenic and uranium toxicity, and (2) monitor bioremediation of
sites containing these contaminants. [NIH ES04940, ES06694, CA096281, Sloan
Fellowship]

2079

HEAVY METALS REGULATE THE NAD(P)H:QUINONE
OXIDOREDUCTASE 1 (NQO1) GENE EXPRESSION
THROUGH BOTH AHR- AND NRF2-MEDIATED
TRANSCRIPTIONAL MECHANISMS

H. M. Korashy and A. O. El-Kadi. Faculty of Pharmacy & Pharmaceutical Sciences,
University of Alberta, Edmonton, AB, Canada.
Recently, we demonstrated that heavy metals, particularly mercury (Hg2+), lead
(Pb2+), and copper (Cu2+), differentially modulate the expression of Nqo1, an aryl
hydrocarbon receptor (AhR)-regulated gene (Korashy and El-Kadi, Toxicology,
2004; 201, 153-72), yet the mechanisms involved remain unknown. The aim of
this work was to investigate the detailed sequence of molecular mechanisms
through which heavy metals modulate the expression of Nqo1 gene. For this purpose, murine hepatoma (Hepa 1c1c7) cells were treated with Hg2+, Pb2+, or Cu2+ in
the presence and absence of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD), a potent AhR ligand and Nqo1 inducer. Nqo1 mRNA and protein levels were measured
using Northern and Western blot analyses, respectively. Time-dependent effect
study clearly showed that Hg2+ and Pb2+ increased, while Cu2+ inhibited the constitutive and TCDD-inducible expression of Nqo1 mRNA in a time-dependent manner. The RNA synthesis inhibitor, actinomycin D, significantly inhibited the metalmediated induction of Nqo1 mRNA, indicating a requirement of de novo RNA
synthesis. The protein synthesis inhibitor, cycloheximide, abolished the induction
of Nqo1 mRNA by metals, which coincided with a decrease in the expression of a
transcription protein, nuclear factor erythroid 2-related factor 2 (Nrf2). In addition, inhibition of Nrf2 protein degradation by MG-132, a 26S proteasome inhibitor, significantly reversed the cycloheximide-mediated inhibition of Nqo1
mRNA, which is in agreement with an increase in the expression of Nrf2 protein,
implying a requirement of Nrf2 protein for the induction of Nqo1 mRNA by
heavy metals. mRNA and protein decay experiments revealed that all three metals
did not significantly alter the stability of Nqo1 mRNA and protein, indicating lack
of posttranscriptional mechanisms. This work provides the first evidence that heavy
metals regulate the expression of Nqo1 gene through a transcriptional mechanism
and require the transcription factor Nrf2 for the induction of Nqo1 gene.

2080

TRANSCRIPTIONAL AND POST-TRANSCRIPTIONAL
MECHANISMS INVOLVED IN THE MODULATION OF
Cyp1A1 BY As3+, Cd2+, AND Cr6+

R. H. Elbekai and A. O. El-Kadi. University of Alberta, Edmonton, AB, Canada.
Heavy metals alter the carcinogenicity of AhR ligands by modulating the induction
of Cytochrome P450 1a1 (Cyp1a1), but the mechanism(s) remain unresolved. In
this study, the effect of the heavy metals As3+ (5 µM), Cd2+ (5 µM), and Cr6+ (25
µM), on the transcriptional activity and post-transcriptional modifications of the
Cyp1a1 gene was investigated in Hepa 1c1c7 cells. All metals significantly inhibited
the induction of Cyp1a1 activity by increasing doses of the AhR ligand TCDD
(0.1-10 nM). In paradox, both As3+ and Cd2+ further potentiated, while Cr6+ inhibited the induction of Cyp1a1 mRNA with all doses of TCDD. Furthermore,
using a time-dependent study, we showed that while TCDD induced Cyp1a1
mRNA as early as 3h, with maximum induction at 12h, As3+ potentiated this induction only at 3h and 6h after treatment. Cd2+ on the other hand further potentiated the induction up to 24h after treatment. Conversely, Cr6+ inhibited the
TCDD-mediated Cyp1a1 mRNA induction at all measured time points. From the
mRNA and the protein stability studies, it was apparent that As3+ and Cr6+ increased the Cyp1a1 mRNA half life, but only Cr6+ decreased the stability of the
Cyp1a1 protein. Surprisingly, all metals alone increased Cyp1a1 mRNA levels 3h
and 6h after treatment. This induction was further potentiated with the protein
synthesis inhibitor cycloheximide and the protease inhibitor MG-132, but com-
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pletely inhibited with the DNA transcription inhibitor actinomycin-D. Further to
the Cyp1a1 mRNA results, all metals increased HO-1 mRNA levels, alone and in
the presence of TCDD, and decreased cellular heme content. Hence, it is clear that
heavy metals differentially alter Cyp1a1 expression at transcriptional and post-transcriptional levels. We clearly demonstrate that the heavy metals alone activate
Cyp1a1 transcription, likely by an AhR-dependent manner, and increase the stability of the induced Cyp1a1 mRNA transcripts. However, only Cr6+ inhibits inducible Cyp1a1 gene expression. In addition, multiple post-translational mechanisms are involved in the inhibition of Cyp1a1 activity induction by the metals,
including an increase in heme degredation and a decrease in protein stability.

2081

THE EFFECT OF ARSENITE AND CADMIUM ON
UROTSA CELLS TRANSFORMED WITH ARSENITE OR
CADMIUM

M. Sens, S. Somji, S. H. Garrett and D. A. Sens. pathology, University of north
dakota, Grand Forks, ND.
Arsenic and cadmium (Cd+2) are human carcinogens, and epidemiological studies
have implicated both pollutants in the development of urinary bladder cancer.
Previous work done by this laboratory has shown that arsenite (As+3) and Cd+2 can
directly cause the malignant transformation of human urothelial cells. In this study
the normal human bladder cell line, UROtsa, as well as the As+3 and Cd+2 transformed cell lines were treated with various doses of As+3 and Cd+2 to determine if
the transformed lines were more resistant to the cytotoxic effects of the metals.
Furthermore, the mechanism of cell death by the heavy metals was also determined.
For this purpose, normal as well as transformed UROtsa were treated with various
doses of As+3 or Cd+2 for 4 to 48 hrs. Cell viability was determined by the MTT
assay. The mode of cell death was determined by measuring the activation of caspase 3 and 9, DNA fragmentation and release of LDH. Arsenite transformed cells
did not show a significant increase in resistance to the cytotoxic effects of As+3.
Cadmium transformed cells were more resistant to the cytotoxic effects of cadmium
compared to the parent cells. The parent as well as the transformed As+3 cells underwent apoptosis in response to As+3 as determined by the activation of caspase 3
and 9 and DNA laddering. Both the parent and the Cd+2 transformed cells underwent apoptosis in response to Cd+2 as determined by DNA laddering, however the
activation of caspase 3 and 9 in the transformed cells was very weak compared to
the parent cells. These result suggest that cells transformed in the presence of As+3
do not acquire resistance to higher doses of As+3, whereas cells transformed in the
presence of Cd+2 increase their resistance to higher doses of cadmium.

2082

IN VITRO EFFECTS OF METAL MIXTURES ON RAW
264.7 MONOCYTES

P. A. Potnis, R. J. Mitkus, J. L. Powell, K. S. Squibb and K. Strauss. UM School
of Medicine, Baltimore, MD.
The lung is a critical target organ for a variety of inhalation exposure-induced toxicities. Exposures to transition metals, which are a significant component of ambient
particulate matter (PM), have been correlated with airway injury and inflammation. Identification of the relative contributions of individual metals and their combinations to pulmonary toxicity can provide insights into cellular responses caused
by multiple metals that result in adverse health effects. Using four different elements in PM [Cd (0.4µM), Fe (77µM), Se (0.85µM) and Zn (24µM)], we aimed
to determine the involvement of individual metals and/or their combinations in inducing effects in cultured cells at concentrations measured in ambient air in
Baltimore, MD. We examined the cytotoxic potential and capacity of metal mixtures to generate reactive oxygen species (ROS) in murine monocytes (RAW
264.7). We also tested the hypothesis that these metals can stimulate the release of
the inflammatory cytokine TNF-α. Cell viability measured by the Alamar Blue
assay was not affected throughout a 24-hr exposure period at the concentrations
tested for all four metals or their combinations. Intracellular generation of ROS was
determined using the probe DCFH-DA, and TNF-α was measured with a commercially available ELISA kit. Exposure to single metals resulted in a moderate elevation of ROS levels. However, the Fe-Se mixture demonstrated the highest ability
to produce ROS, suggesting that this metal combination possesses a higher redox
cycling potential than the other metal mixtures tested in this study. This same metal
combination was also most potent in inducing TNF-α release, thereby suggesting a
correlation between cytokine release and generation of ROS. Based on the levels of
TNF-α secretion by RAW cells, single metal responses were ranked in the order of
Zn > Se > Fe > Cd. Our studies suggest that ambient PM-associated metals and
their mixtures differ in their ability to modulate cellular ROS activity and to induce
the release of inflammatory mediators. The findings observed merit further research
in the area of inhaled metal mixtures.

2083

MULTICENTER CLINICAL STUDY TO ASSESS THE
POTENTIAL RISK OF EXPOSURE TO LIPID
PEROXIDATION PRODUCTS IN SOYA BEAN OIL FROM
TRILUCENT BREAST IMPLANTS

G. Williams1, J. Caldwell2, D. Armstrong3, R. Bevan4, J. Chipman5, M. J.
Iatropoulos1, A. Jeffrey1, J. Lunec4, J. Nair6, D. Page7, B. Reeves8, A.
Richardson9 and D. Williams2. 1NY Medical Coll., Valhalla, NY, 2 University of
Liverpool, Liverpool, United Kingdom, 3 University of Florida, Gainesville, FL, 4
University of Leicester, Leicester, United Kingdom, 5 University of Birmingham,
B’ham, United Kingdom, 6German Cancer Center, Heidelberg, Germany,
7
Vanderbilt University, Vanderbilt, TN, 8London School of Hygiene, London, United
Kingdom and 9AEI, Inc., London, United Kingdom.
In response to a Hazard Notice by the Medical Devices Agency of the UK regarding
the Trilucent Breast Implant (TBI), an expert panel was convened to implement a
research program to determine whether genotoxic compounds were formed in the
soybean oil filler (SOF) of TBIs and whether these could be released to produce
genotoxicity. Forty-seven patients who had received TBIs and a reference group of
34 patients who had silicone or saline implants, took part in the study. Parameters
were measured relating to genotoxic lipid peroxidation (LPO) products formed in
the SOF and released locally or systemically. Participants were studied before and
after explantation, when possible, to assess whether they were being exposed to
LPO products, and, if so, whether exposure was reversed by explantation. The SOF
was found to have substantial levels of LPO products, particularly malondialdehyde
(MDA), and low levels of trans-4-hydroxy-2-nonenal (HNE). Mutagenicity of the
SOF was related to the levels of MDA. Capsules formed around TBIs were microscopically similar to those of reference implants but MDA DNA adducts were observed in capsular macrophages and fibroblasts of TBI only capsules. These cell
types are not progenitors of breast carcinoma (BCa) and the location of the implants precludes that LPO can reach the mammary epithelial cells which are progenitors of BCa. Blood levels of LPO products were not increased and did not
change with explantation. White blood cells did not show evidence of increased levels of LPO-related aldehyde adducts. In conclusion, there was no evident disease
risk to the TBI patients, and the current treatment of TBI patients involving explantation was judged appropriate.

2084

EVALUATION OF INDUCTION OF ABERRANT FOCI
CRYPT IN THE COLON OF RATS TREATED WITH THE
COMMERCIAL DYE PRODUCT CI DISPERSE BLUE 291

F. Pinheiro1, S. B. Barros1 and G. A. Umbuzeiro2. 1Clinical and Toxicological
Analyses, University of Sao Paulo, Sao Paulo, SP, Brazil and 2CETESB_Cia.
Tecnologia de Saneamento Ambiental, Sao Paulo, SP, Brazil.
The commercial disperse dye product C.I. Disperse Blue 291, which contain the
aminoazobenzene
2-[(2-bromo-4,6-dinitrophenyl)azo]-5-(diethylamino)-4methoxyacetanilide (CAS registry no. 56548-64-2), is frequently used for polyester
fibers dyeing can be released in the aquatic environment through the release of industrial effluents. Humans can be exposed through the consumption of water and
food contaminated with this product therefore its toxicological properties are important to be evaluated. This product showed elevated mutagenic activity with nitroreductase and O-acetyltransferase overproducing Salmonella strains. These enzymes are also expressed by human intestinal microflora, making intestines a
possible target organ to the development of cancer after exposure to this product.
The aim of this study was to investigate the effects of the commercial disperse dye
product CI Disperse Blue 291 on rat colon carcinogenesis, evaluated by aberrant
crypt foci development. Results within different experimental periods, showed the
DP291 did not represent properties to induce preneoplastic lesions in rats orally
treated with 50 mg/kg b.w. dose, three times a week. These data suggest that the
product is not able to development rat colon cancer, at the adopted experimental
conditions. Further in vivo assays using earliest endpoints are indicated to evaluate
adverse effects of the commercial disperse dye product CI Disperse Blue 291 and its
metabolites on the colon of mammalians.

2085

GENOTOXICITIES OF NICKEL REFINERY SAMPLES IN
10T1/2 MOUSE EMBRYO CELLS

J. R. Landolph1, 2, 3, A. Andrade1, A. Hamirani1, H. Vekaria1, M. Scheiner1, D.
Castillo1 and S. Norhadian1. 1Department . of Molecular Microbiology and
Immunology, University of Southern California, Los Angeles, CA, 2Department . of
Pathology, University of Southern California, Los Angeles, CA and 3Department . of
Molecular Pharmacology and Toxicology, University of Southern California, Los
Angeles, CA.
Epidemiological and animal data indicate different nickel compounds have different carcinogenic potentials. To predict carcinogenic potentials of samples from
nickel refineries, we used in vitro assays to determine genotoxicities of four nickel

refinery samples to predict carcinogenicities of these nickel samples and prioritize
the samples for further testing. Sample #1, nickel metal grinding dust, was produced during grinding of nickel and represents dusts generated during normal handling and use of massive forms of nickel. Particles in this sample were large, of
macroscopic size. This sample had an LC50 = 500 µg/ml in 10T1/2 cells. Sample
#2 consisted of fines generated from nickel compacts. This sample had an LC50 =
40 µg/ml. Sample #3, spherical particles of elemental nickel had an LC50 = 0.80
µg/ml. These samples, provided by NiPERA, caused dose-dependent cytotoxicity.
Sample #4, nickel sulfate hexahydrate, from Sigma Chemical Company, also induced dose-dependent cytotoxicity to 10T1/2 cells (LC50 = 50 µg/ml). The order
of cytotoxic potency among these four nickel samples was: Elemental Nickel
Powder (LC50 = 0.80 µg/ml) > Compact Fines (LC50 value = 40 µg/ml) > Nickel
Sulfate Hexahydrate (LC50 = 50 µg/ml) > Nickel Grinding Dust (LC50 = 500
µg/ml). Nickel Grinding Dust and soluble nickel sulfate were not phagocytosed by
10T1/2 cells. Nickel Grinding Dust and Elemental Nickel Powder did not induce
morphological transformation of 10T1/2 cells. Nickel sulfate induced weak cell
transformation in one experiment. Supported by a Contract from the Nickel
Producers Environmental Research Association (NiPERA) to Dr. Joseph R.
Landolph.

2086

MONOMETHYLARSONOUS ACID (MMAIII) IS
CARCINOGENIC IN MICE
M. Krishnamohan, A. A. Seawright and J. C. Ng. The University of Queensland,
National Research Centre for Environmental Toxicology, Brisbane, QLD, Australia.
Sponsor: M. Hughes.
Until recently the methylation pathway of inorganic arsenic was considered to be a
detoxification mechanism, as the methylated arsenicals like MMAV were found to
be less toxic than arsenate. However, recent studies indicate that monomethylarsonous acid (MMAIII) is more genotoxic and cytotoxic than either arsenite or arsenate. The aim of our study is to find out whether MMAIII is in fact carcinogenic?
Two groups of (75 mice each) young female C57BL/6J mice were given drinking
water containing 0 and 500 µg arsenic as MMAIII ad libitum over two years. Body
weight was recorded every fortnight. Drinking water with MMMIII was prepared
from a stock solution every two days. Five animals from each group were sacrificed
periodically at time zero, 2, 6, 12 and 18 months for arsenic and other biomarker
measurements. The surviving 50 were sacrificed by the end of 24 months.
Tumors in both groups developed after about 18 months. At the end of two years,
13 mice in the control and 27 mice in the test group developed tumors. Lymphoma
was a most commonly seen cancer observed in both control and test groups.
Mesenteric lymph nodes were mainly affected in the control animals whereas multiple organs including pancreas, liver, spleen, mesenteric lymph node, submandibular lymph node, uterus, lung, salivary gland, kidney, thymus, ovary, and the gut
were involved in the test group.
Our results indicate MMAIII is carcinogenic in female C57BL/6J mice and support the contention that methylation is not a detoxification pathway rather it is a
toxic process. MMAIII could be the proximal carcinogen derived from inorganic
arsenite and arsenate through a metabolic process.

2087

HISTOPATHOLOGIC CHARACTERISTICS OF VISUALLY
IDENTIFIED SKIN TUMORS IN UVR-IRRADIATED
HAIRLESS MICE
P. D. Forbes1, C. P. Sambuco1, D. B. Learn1, M. Arocena1 and A. M.
Hoberman2. 1Center for Photobiology, Charles River Laboratories Preclinical Services,
Horsham, PA and 2Charles River Laboratories Preclinical Services, Horsham, PA.
Photocarcinogenesis studies are based on measuring time to appearance of qualifying tumors (and multiplicity of tumors) in ultraviolet radiation (UVR)-exposed
hairless albino mice. The objective of this study was to determine the histopathologic characteristics and diagnoses assigned to visually-identified skin tumors of
specified sizes in the progression from first observation to frank carcinoma. Sixty
specimens containing previously mapped growths of specified sizes were excised,
processed to slide for histopathological examination and evaluated. For histopathology, tumor diagnostic criteria included relative number and arrangement of cells in
the tissue of origin. For example, “epithelial hyperplasia” is a nearly uniform finding
in UVR-induced excrescences in hairless mice, and the initial finding in precursors
to squamous cell carcinomas (SCC). Of the eleven <1 mm skin tumors visually
classified as SCC or precursor lesions, one was histologically classified as a papillomatous tumor and ten as epidermal hyperplasia. Of the 35 SCC or precursor lesions that were 1 to 3 mm in diameter, 10, 21 and 4 were histopathologically classified as epidermal hyperplasia, papillomas and SCC, respectively. Six of the nine
skin tumors ≥4 mm in planar diameter were classified as SCC histopathologically.
The remaining three tumors were classified as papillomas, based on their relative
paucity of “cellular atypia”. These results confirm that, while histopathological diagnosis unambiguously identifies diagnostic criteria of the specimen at the time
harvested and confirms the existence of altered focal morphology, clinical recognition is essential for following the early events in quantifying tumor data.
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HEMANGIOSARCOMAS INDUCED IN MICE BY N-(4HYDROXYPHENYL) RETINAMIDE

J. A. Crowell1 and E. I. Goldenthal2. 1Division of Cancer Prevention, National
Cancer Institute, Bethesda, MD and 2MPI Research, Mattawan, MI.
N-(4-Hydroxyphenyl) retinamide (4-HPR) has been evaluated for cancer prevention as a differentiation enhancing retinoid. In a large clinical trial of 4-HPR for recurrent breast cancer prevention, the incidence of ovarian cancer was found to be
reduced in post hoc analysis. No hemangiosarcomas have been reported in followup. 4-HPR continues to be evaluated for treatment of neuroblastoma. In a 104week carcinogenicity study of 4-HPR in B6C3F1 mice a high incidence of hemangiosarcomas occurred. Other retinoids, i.e. etretinate, have also caused
hemangiosarcomas in mice. In a follow-up 104-week carcinogenicity study, mice
(85/sex/dose) were administered 4-HPR continuously (groups 2-4) or on a “drug
holiday” schedule (groups 5-7), to simulate the clinical dosing regimen, namely 28days on and 3-days off treatment per month. Additionally, mice (25/sex/dose) were
withdrawn from 4-HPR treatment after 1 year to evaluate incidence and reversibility of lesions over the 2nd year, while the other groups (50/sex/dose) continued
with 4-HPR administration for the 2nd year. Ten mice/sex/dose were sacrificed at 1
year for interim analysis. 4-HPR was administered in the diet at doses admixed to
provide 0 (group 1), 10, 50, 250 mg 4-HPR/kg bwt/day. Plasma concentrations of
4-HPR and the major metabolite 4-MPR were assessed in satellite groups of mice.
The treatment schedules did not alter the incidences of hemangiosarcomas in the
mice. In both sexes incidences ranged from 8% in the 10 mg/kg bwt/day group to
100% in the 250 mg/kg bwt/day group. Incidences were slightly lower after 1-year
of treatment than after 2-years of treatment. 4-HPR provides a reliable research tool
to investigate further the etiology of retinoid induced hemangiosarcomas in mice.

2089

PRELIMINARY EVIDENCE OF UROLITHIASIS WITH
MURAGLITAZAR-RELATED URINARY BLADDER
CARCINOGENESIS IN MALE RATS

S. Tannehill-Gregg1, M. Cano2, L. Tomlinson1, S. Cohen2, T. Sanderson1, B.
Schilling1 and M. Dominick1. 1Bristol-Myers Squibb, Mt. Vernon, IN and
2
University of Nebraska Medical Center, Omaha, NE.
Muraglitazar, a dual human peroxisome proliferator-activated receptor (PPAR) α
and γ agonist, has been developed to treat type 2 diabetes. The carcinogenic potential of muraglitazar was evaluated in 2-year oral gavage studies at 1, 5, 20, and 40
mg/kg in CD-1 mice and 1, 5, 30, and 50 mg/kg in Harlan SD rats. A dose-related
statistically significant increased incidence of transitional cell papilloma and carcinoma in the urinary bladder was observed in male rats at 5, 30, and 50 mg/kg
(AUC exposures > or = 8 times that observed in humans at 5 mg/day). Notably,
there were no urinary bladder tumors in muraglitazar-treated mice or female rats at
AUC exposures that exceeded those in male rats. In the rat study, analysis of sediment from overnight (18-hour) urine samples collected in Weeks 86 and 87 revealed pronounced crystalluria (magnesium ammonium phosphate and birefringent amorphous crystals) in males at > or = 30 mg/kg. Additionally, evaluation of
sediment from freshly voided urine (collected during the early light phase in Week
90) with scanning electron microscopy and energy dispersive x-ray probe microanalysis demonstrated polymorphous, jagged calcium phosphate crystals and large
aggregates (>100 µm) of magnesium ammonium phosphate crystals in males at >
or = 30 mg/kg and calcium phosphate calculi in males at 50 mg/kg. Moreover, the
mean and most individual urinary pH values in males at > or = 5 mg/kg were consistently > or = 6.5, a requirement for the formation of calcium and magnesium salt
precipitates, crystals, and calculi (ie, urolithiasis). Urolithiasis is a well recognized
cause of urinary bladder tumorigenesis in rodents, particularly male rats, by causing
urothelial injury, compensatory regenerative urothelial hyperplasia, and ultimately,
bladder tumorigenesis. Considering that muraglitizar is nongenotoxic, these findings provide preliminary evidence for urolithiasis as the likely mode of urinary
bladder tumor development in muraglitazar-treated male rats.

ministered vehicle at a volume equal to that of the high dose. Animals had ad libitum access to food and water and were examined daily for morbidity, mortality, and
clinical signs of ill health or overt toxicity. Body weight and food consumption were
measured weekly during the initial 16 weeks and every 4 weeks thereafter. Blood
samples for hematology were collected at termination. Tissues from the two control
groups and the highest-dose pramlintide group were examined microscopically; injection sites were examined from all mice and rats, and the pituitary glands of all
rats were examined.
In both test and control mice, subcutaneous sores and masses (sarcomas) were
noted at the injection sites. The incidence was related to dose volume and not
pramlintide. Male rats receiving the 0.5 mg/kg/day dose of pramlintide had a significant increase in pituitary adenomas that were, after examination of all study
data, considered biologically insignificant. Based on plasma pramlintide concentration area-under-the-curve data, both mice and rats received a systemic exposure
that met or exceeded ICH recommendations of a 2-fold excess (low dose) and a 25fold excess (highest dose) over anticipated human systemic exposure. It was concluded that there was no evidence of carcinogenicity due to pramlintide exposure.

2091

CARCINOGENICITY VARIATION OF P-CRESIDINE
WHILE USED AS A POSITIVE CONTROL CHEMICAL IN
THE P53 MOUSE SHORT-TERM CARCINOGENICITY
TEST MODEL

Y. Wang1, P. Miller1, B. Bassett1, S. Manetz1, G. Wolfe1 and A. Purmal2. 1Gene
Logic Inc., Gaithersburg, MD and 2Panacos Pharmaceuticals, 134 Coolidge Avenue,
MA.
The p53-deficient (+/-) mouse model has been frequently used as an alternative to
the 2-year bioassay for identifying mutagenic carcinogens, and p-Cresidine is normally selected as a positive control chemical. Two p53 (+/-) mouse studies were recently conducted in Gene Logic’s laboratory. A distinct variation was revealed in the
proliferation profile and survival of the p-Cresidine treated animals between two
studies. Given both studies were conducted under similar laboratory conditions,
the only obvious difference was in the supplier of the p-Cresidine (98% pure),
which was the A supplier (Study A) and the B supplier (Study B).
In each study, p53-deficent mice (25/sex/study) were supplied by Taconic Farms,
Germantown, NY, and received once daily oral gavage doses of 400 mg/kg pCresidine (20 mL/kg) for 6 months. Parameters measured included mortality, physical and palpable mass observation, body weight, organ weight, gross pathology,
and histopathology. Resultant mortality was 20% (10/50) for Study A and 8%
(4/50) for Study B. The expected proliferative lesions, urinary bladder carcinomas,
were comparable between the two studies (40%). Additional to this primary finding, in Study A, 14% (7/50) of animals had palpable tissue masses, 18% (9/50) observed skin masses around the neck region at necropsy which were subsequently diagnosed as sarcoma. Also in Study A, 80% (8/10) early-death animals were
sacrificed moribund due to compromising masses. In contrast, there were no animals in Study B that developed skin masses. Cross referencing the available data
published by Taconic Farms and other laboratories, variations in mortality and proliferation lesions of the p-Cresidine treated p53 (+/-) mice have been generally recognized.
The findings of our experiments suggest that variations in mortality and proliferation profile of the p Cresidine treated p53 (+/-) mice may be a result of the source
of p-Cresidine, and most likely due to differences in the impurity of p-Cresidine.

2092

ALTERNATIVE METHODS FOR CARCINOGENICITY
TESTING: VALIDATION OF THE P53 +/- MODEL

C. Banks, A. Adamou and L. Chouinard. Toxicology, Charles River Laboratories
Preclinical Montréal, Senneville, QC, Canada.

2090

RESULTS OF 2-YEAR CARCINOGENICITY
EVALUATIONS OF PRAMLINTIDE IN MICE AND RATS

R. Hiles1, 2. 1CRHiles Consulting, Butler, TN and 2Amylin Pharmaceuticals, Inc.,
San Diego, CA.
Pramlintide is a 37-amino acid polypeptide analog of the human hormone amylin
and exhibits its glucoregulatory actions. To assess the safety of pramlintide in humans, its carcinogenicity in mice and rats was determined over a 2-year period.
Pramlintide (0.2, 0.5, or 1.2 mg/kg/day) was administered to 51 male and 51 female Crl:CD-1 (ICR)BR mice/group by subcutaneous (SC) injection for 104
weeks. Two control groups, each with 51 males and 51 females, were administered
vehicle at a volume equal to that of the high dose. Groups of 50 male and 50 female
Crl:CD(SD)BR rats were administered pramlintide (0.04, 0.2, or 0.5 mg/kg/day)
for 104 weeks. Two control groups, each with 50 males and 50 females, were ad-
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The mouse is a standard rodent species for use in carcinogenicity studies. It has
been shown that the p53+/- mice are sensitive to genotoxic compounds and therefore this model may be useful as a short-term in vivo test for genotoxic carcinogens.
P-cresidine, an aromatic amine genotoxic bladder carcinogen, is the most frequently used positive control agent to evaluate short-term carcinogenicity models.
Statistically significant results were obtained in 18/19 studies reported in the literature and males were more sensitive than females. The current study was performed
to validate the short term in vivo model in p53+/- mice at Charles River Preclinical
Services Montreal.
Eight to ten-week-old mice p53+/- (25/sex/group) were administered water, corn
oil or p-cresidine at 400 mg/kg/day (positive control) for a minimum of 26 consecutive weeks. The following parameters were evaluated: clinical signs, body weight,
food consumption, laboratory investigations, gross pathology, organ weights and
histopathology.

The daily oral administration of p-cresidine in p53 heterozygote mice resulted in a
positive carcinogenic response in the urinary bladder. Transitional cell carcinomas
were noted in 60% of the males and approximately 40% of females. The statistical
analysis (Fisher’s exact test) revealed significance with a p < 0.0001 for the urinary
bladder tumors in both sexes, separately. The results obtained in this study are similar to published results and confirm that p-cresidine administration in p53 heterozygote mice induces robust proliferative pre-neoplastic and neoplastic changes
in the urinary bladder. The incidence of spontaneous neoplastic changes gathered
from short-term carcinogenicity data using the p53 heterozygote mice has been reported previously and lymphoma and subcutaneous sarcoma are the most common
spontaneous tumor types. Compatible with these reported data, a subcutaneous
sarcoma was noted in one animal and lymphomas were noted in three mice. Based
on the results of this study, this model is considered validated in this laboratory.

2093

A TRANSOMIC BIOMARKER COMPARISON FOR
PREDICTING TWO-YEAR RODENT CANCER
BIOASSAYS
1

1

1

2

2

R. S. Thomas , L. J. Pluta , T. J. Page , J. M. MacDonald , J. Winnike and R.
D. Wolfinger3. 1CIIT Centers for Health Research, Research Triangle Park, NC,
2
University of North Carolina, Chapel Hill, NC and 3SAS Institute, Cary, NC.
Two-year rodent bioassays play a central role in evaluating both the carcinogenic
potential of a chemical and generating quantitative information on the dose-response behavior for chemical risk assessments. The bioassays involved are expensive
and time-consuming, requiring nearly lifetime exposures in rodents and costing $2
to $4 million per chemical. In this study, we compare transcriptomic and metabonomic technologies for their ability to discover biomarkers capable of efficiently
and economically identifying chemical carcinogens without performing a standard
two-year bioassay. Five mice per treatment were exposed for 13 weeks to two chemicals that were positive for lung and liver tumors in the National Toxicology
Program two-year bioassay (one genotoxic and one nongenotoxic), two chemicals
that were negative, and two vehicle control groups. Microarray analysis identified
gene expression biomarkers that could discriminate between carcinogenic and noncarcinogenic treatments in both the lung and liver. Two different statistical classification models exhibited 100% classification accuracy based on three-fold cross-validation. Urine samples from carcinogen and non-carcinogen treated animals were
analyzed by 1H NMR. Chemical-specific metabolites were removed from the
NMR spectra and changes in the putative endogenous metabolites were analyzed
for metabonomic biomarkers that could discriminate between carcinogenic and
noncarcinogenic treatments. Statistical classification analysis identified a set of ten
endogenous metabolites that exhibited 88% predictive accuracy based on three-fold
cross-validation. This study demonstrates that biomarkers collected following a
subchronic exposure have clear potential to predict tumor formation in a two-year
bioassay and that tissue gene expression changes have better predictive accuracy
than urinary metabolites. Additional studies involving serum proteomic biomarkers
are in progress.

2094

A DATA-BASED ASSESSMENT OF ALTERNATIVE
STRATEGIES FOR IDENTIFICATION OF POTENTIAL
HUMAN CANCER HAZARDS

N. Doerrer4, A. Boobis1, J. Bucher2, S. Cohen3, D. Jacobson Kram5, J.
MacDonald6 and D. Wolf7. 1Imperial College London, London, United Kingdom,
2
NIEHS National Toxicology Program, Research Triangle Park, NC, 3University of
Nebraska Medical Center, Omaha, NE, 4ILSI Health and Environmental Sciences
Institute, Washington, DC, 5FDA Center for Drug Evaluation and Research,
Rockville, MD, 6Schering-Plough Research Institute, Kenilworth, NJ and 7EPA
National Health and Environmental Effects Research Laboratory, Research Triangle
Park, NC.
The primary source of information for assessing potential human cancer hazards
posed by chemicals is the standard 2-year rodent bioassay. Work on understanding
the significance of positive tumor findings in the bioassay has demonstrated that, in
many cases, shorter-term studies can provide much information on the mode of action (MoA) of the chemical in question, how the MoA produces observed tumors
in the rodent bioassay, and why these tumors do not always suggest a human hazard. From this extensive body of data developed over the last several decades, a hypothesis was generated by the Cancer Hazard Identification Strategies
Subcommittee of the ILSI Health and Environmental Sciences Institute (HESI),
i.e., that, for non-genotoxic chemicals, the signals of importance for human cancer
hazard identification can be detected in shorter-term studies. The HESI subcommittee has begun to test this hypothesis in a pilot program using existing US government databases. A query tool was developed to assess signals seen in studies of
90-day duration for their predictive power for tumor findings in 2-year studies.

Chemicals that were positive in liver, lung, kidney, or urinary bladder in 2-year rat
or mouse studies over the last 5 years were included in the database. Signals from
90-day studies were evaluated in those tissues where tumors were seen, as well as evidence for genotoxic, immunosuppressive, or estrogenic activity. Preliminary results
suggest that the hypothesis may be valid under some circumstances. In other instances, additional data may be necessary. Efforts underway by the HESI subcommittee to explore this hypothesis will be described.

2095

CARCINOGENICITY STUDIES OF MURAGLITAZAR, A
DUAL PPAR ALPHA AND GAMMA AGONIST, IN MICE
AND RATS

T. Sanderson1, M. Dominick1, B. Schilling1, C. R. Waites1, D. Minnema2, R.
Voelker2 and B. Ulland2. 1Bristol-Myers Squibb, Mt. Vernon, IN and 2Covance
Laboratories, Vienna, VA.
Muraglitazar, a dual human peroxisome proliferator-activated receptor (PPAR) α
and γ agonist, has been developed to treat type 2 diabetes. The carcinogenic potential of muraglitazar was evaluated in 2-year oral gavage studies in CD-1 mice and
Harlan SD rats. In mice, doses of 1, 5, 20, and 40 mg/kg were evaluated. The only
drug-related tumorigenic finding was benign gallbladder adenomas in male mice at
20 and 40 mg/kg, which occurred at a low incidence (1/60 and 2/60) and were
considered drug related due to an increased incidence of gallbladder mucosal hyperplasia at these doses. AUC exposure multiples in male mice at the lowest tumorigenic and highest nontumorigenic doses were approximately 62 and 17 times,
respectively, human exposure at 5 mg/day. In rats, doses of 1, 5, 30, and 50 mg/kg
were evaluated. There was a dose-related statistically significant increased incidence
of transitional cell papilloma and carcinoma in the urinary bladder in males at 5,
30, and 50 mg/kg with AUC exposures > or = 8 times that observed in humans at
5 mg/day. At 30 and 50 mg/kg, the urinary bladder tumors were accompanied by
increased urinary calcium and magnesium solids (urolithiasis) based upon analysis
of urine sediment in Weeks 86, 87, and 90. Subsequent studies established that this
urinary bladder carcinogenic effect was mediated by urolithiasis rather than a direct
pharmacologic effect on urothelium. Additionally, increased incidences of subcutaneous liposarcoma in males and subcutaneous lipomas in females were noted at 50
mg/kg (AUC exposures > or = 48 times that observed in humans at 5 mg/day) and
attributed, in part, to prolonged and persistent pharmacologic overstimulation of
adipocytes. Considering that muraglitazar is nongenotoxic, the observed tumorigenic effects in mice and rats have no established clinical relevance since they occurred at clinically nonrelevant exposures (gallbladder and adipose tumors) or by a
species-specific mechanism (urinary bladder tumors).

2096

INFLUENCE OF SUBCHRONIC INHALED
BENZO(A)PYRENE ON MALE FERTILITY INDICES OF
F-344 RATS

A. Ramesh1, D. Lunstra2, M. S. Niaz3, F. Inyang3, D. B. Hood1 and A. E.
Archibong3. 1Biomedical Sciences, Meharry Medical College, Nashville, TN, 2Meat
Animal Research Center, USDA, Nebraska, NE and 3Obstetrics & Gynecology,
Meharry Medical College, Nashville, TN.
The objective of this study was to evaluate the effect of exposure to inhaled
benzo(a)pyrene (BaP)on testicular and epididymal function in adult Fisher-344
rats. Animals were assigned randomly to a treatment or control group. Treatment
consisted of sub-chronic exposure of rats via inhalation to 75µg BaP/m3, 4 hours
daily for 60 days, while control animals were unexposed (UNC). Blood samples
were collected after the cessation of exposures (time 0; day 60 of inhalation exposure) and at 24, 48, and 72 hours post cessation of exposure, to assess the effect of
bioavailable BaP on spermatogenesis, systemic testosterone and luteinizing hormone (LH) concentrations determined by appropriate radioimmunoassay as well as
epididymal function. Rats were subsequently sacrificed followed by excision of
testes and epididymides. Testes were weighed and cauda epididymides isolated for
the determination of progressive sperm motility and concentrations of stored
sperm. Progressive sperm motility of stored sperm was determined microscopically,
while densities of the same cohorts were determined by hemocytometric counting.
BaP exposure reduced testis weights compared with UNC (2.20 ± 0.11 vs. 2.98 ±
0.16 g; P ≥ 0.025). Progressive motility (20%) and density of stored sperm (25.1 ±
6.0) were reduced in exposed rats compared with UNC (55% and 81 x106, respectively; P ≥ 0.05). Plasma testosterone concentrations declined among BaP-exposed
rats throughout the time periods studied compared with those of UNC (P ≥ 0.05).
LH concentrations were increased in BaP-exposed rats compared with UNC,
throughout the time periods studied (P ≥ 0.05). These data suggest that subchronic exposure to inhaled BaP contributes to reduced testicular and epididymal
function of exposed rats.
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2097

DIISOBUTYL PHTHALATE HAS COMPARABLE ANTIANDROGENIC EFFECTS IN RAT FETAL TESTIS TO
DIBUTYL PHTHALATE

M. Dalgaard, J. Borch, M. Petersen and A. Vinggaard. Department of
Toxicology, Danish Institute for Food and Veterinary Research, Soeborg, Denmark.
Sponsor: E. Gray.
Phthalates are widely used as plasticizers in various consumer products and building
materials. Some of the phthalates are known to interfere with male reproductive
development in rats, and di-n-butyl phthalate (DBP), diethylhexyl phthalate
(DEHP) and butyl benzyl phthalate (BBP) were recently banned for use in toys in
the EU due to their reproductive toxicity. Diisobutyl phthalate (DiBP) has similar
structural and applicational properties as DBP, and is being used as a substitute for
DBP. However, knowledge on possible toxic reproductive properties of DiBP is
lacking. METHODS: 4 groups of 8 pregnant Wistar rats were exposed to either 0
or 600 mg/kg bw/day of DiBP from gestation day (GD) 7 to either GD 19 or GD
21. Male offspring was examined at GD 19 or GD 21 for effects on testicular
testosterone production and testicular histopathology. Changes in anogenital distance were evaluated as an indication of feminisation of males.
RESULTS: Anogenital distance was significantly reduced at GD 21 together with
reductions in testicular testosterone production and testicular testosterone content.
Histopathological effects (Leydig cell hyperplasia, Sertoli cell vacuolisation, central
location of gonocytes and presence of multinuclear gonocytes) known for DBP and
DEHP were observed in testes of most DiBP exposed animals at GD 21.
Additionally, expression of P450scc and StAR proteins in Leydig cells was clearly
reduced by DiBP. At GD 19, these effects on anogenital distance, testosterone levels and histopathology were less prominent.
CONCLUSION: DiBP has similar testicular and developmental effects as DBP
and DEHP, indicating a reason for concern about the use of DiBP as a substitute
for DBP. The most prominent effects of DiBP are seen late in gestation (GD 21) in
contrast to what has previously been reported.

2098

NF-κB ACTIVATION ELICITED BY IONIZING
RADIATION IS PRO-APOPTOTIC IN TESTIS

R. Rasoulpour and K. Boekelheide. Brown University, Providence, RI.
The transcription factor NF-κB modulates apoptotic machinery following activation by the IκB kinase (IKK) complex. Inhibiting activity of one of the catalytic
subunits of the IKK complex, IKKβ (IKK2), severely inhibits NF-κB nuclear
translocation in response to most stimuli, including ionizing radiation. Doubly
floxed IkkβF/F mice (Control) were compared to haplo-insufficient IkkβF/∆ mice
(NF-κB Knockdown) to examine the in vivo apoptotic role of NF-κB in the testis.
Although IkkβF/F control adult mice had similar spermatid head counts, testis and
body weights as IkkβF/∆ mice, cellular stress in the form of ionizing radiation
elicited a differential phenotype. Lower body exposure to 5 Gray of ionizing radiation induced a greater NF-κB activation in IkkβF/F compared to IkkβF/∆ mice. In
addition, exposure to ionizing radiation resulted in fewer apoptotic germ cells 3, 6
and 12 hours after injury in NF-κB knockdown mice compared to controls, concomitant with reduced cleavage of caspases 3 and 9 at 3 hours. Correspondingly,
real-time RT-PCR revealed a significant reduction in the genes p21 and FasL, 3 and
6 hours, respectively, after irradiation in IkkβF/∆ compared to control testes. These
data indicate that, despite acting in an anti-apoptotic manner in many tissue types,
NF-κB is pro-apoptotic in modulating the germ cell response to ionizing radiation.

2099

AKT1 SUPPRESSES RADIATION-INDUCED GERM CELL
APOPTOSIS IN VIVO

T. Rasoulpour1, K. DiPalma2, B. Kolvek1 and M. Hixon1. 1Pathology, Brown
University, Providence, RI and 2Biology, Providence College, Providence, RI.
The PI 3-kinase/Akt1 signaling pathway is involved in regulating cell growth and is
activated in response to stress. To evaluate a protective role for Akt1 in the testis in
vivo, we examined the incidence of apoptosis in Akt1-deficient mice following radiation-induced germ cell injury. We found that Akt is activated in the testes of
wild type mice following ionizing radiation. The absence of Akt1 in Akt1-deficient
mice leads to an earlier onset of apoptosis as exemplified by a fifty per cent increase
in the number of seminiferous tubules with greater than 3 apoptotic nuclei in Akt1deficient mouse testes at six hours relative to wild type mice. Early induction of Fas
and FKHR was found to be Akt1-dependent. In contrast, FasL exhibited constant
to somewhat higher levels of expression in Akt1 heterozygous and Akt1-deficient
mice. Significant increases in FasL expression were observed at 3 and 12 hours following germ cell injury. The initial decrease in expression of two pro-apoptotic factors, Fas and FKHR, prompted us to examine expression of Akt2 and Akt3 to de-
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termine if these genes could compensate for Akt1 following injury. In wild type
mice, Akt2 expression was radiation inducible. Interestingly, induction of Akt2 was
not observed in Akt1-deficient testes. Akt3 was not inducible. Taken together our
data indicate that there is a certain threshold of Akt1 activity necessary to suppress
germ cell apoptosis in the testis, and it provides the first evidence by which by
which Akt1 and Akt2 promote the survival of germ cells following radiation induced injury.

2100

EFFECT OF ESTROGENIC EXOGENOUS CHEMICALS
EXPOSURE ON CORTACTIN PROTEIN EXPRESSION IN
MOUSE TESTIS

M. Yoshida1, R. Anahara1, M. Kai2, F. Ishino2 and C. Mori1, 3. 1Department of
Bioenvironmental medicine, Graduate School of Medicine, Chiba University, Chiba,
Japan, 2Department of Epigenetics, Tokyo Medical & Dental University, Tokyo, Japan
and 3Dnvironmental Health Science Project for Future Generation, Graduate School
of Medicine, Chiba University, Chiba, Japan.
The previous study demonstrated that the exogenous chemicals, such as 17β-estradiol (E2), bisphenol A (BPA) and flutamide (FLUT) have adverse effects on
spermiogenesis in mouse testis, even though these compounds have been shown to
have different hormone activity. Electron microscope observation showed the deletion of ectoplasmic specialization between the Sertoli cell and spermatid (apical ES)
which consists of a subsurface cistern of endoplasmic reticlum, a layer of actin filaments and the Sertoli cell membrane. Cortacin, an actin binding protein, exists in
the apical ES associating with other cell-cell adhesion proteins.
In this study, E2 (1.2µg/kg/day), BPA (2.4µg/kg/day) and DES (2.5µg/kg/day)
were subcutaneously administered to the 12-week-old ICR mice for 5 days. Each
sample of whole testis was collected from the 6th day after the treatment. From the
immunohistochemical and immunoelectron microscopic observation, the cortactin
protein expression in E2 and BPA treated testes were conspicuously decreased compared to the control. However, in the DES treated, the decrease of cortactin protein
was less than that of the other treatments. In addition, the weak immunoelectron
was shown in the basal ES in DES treatment. The western blot analysis observed
that the E2, BPA and DES decreased the cortactin expression in the testes.
The results demonstrated that E2, BPA and DES effect of the regulation of actin
binding via cortactin expression in mouse testis. Also, we speculate that the difference of histological changes by E2, BPA and DES proceeds from the variations of
chemical-targeting-proteins, such cortactin and another proteins. These results suggested that not only cortactin but also several cell-cell associating proteins might
concern about the ES deletion.

2101

DETERMINATION OF THE DI-(2ETHYLHEXYL)PHTHALATE (DEHP) NOAEL FOR
REPRODUCTIVE DEVELOPMENT IN THE RAT:
IMPORTANCE OF RETENTION OF EXTRA F1 ANIMALS

P. M. Foster1, J. Bishop1, R. E. Chapin2, G. E. Kissling1 and G. W. Wolfe3.
NIEHS, Research Triangle Park, NC, 2Pfizer, Groton, CT and 3Gene Logic,
Gaithersburg, MD.
1

DEHP was evaluated for reproductive and developmental toxicity in the rat using
the Reproductive Assessment by Continuous Breeding protocol with dietary administration of 1.5 (Control), 10, 30, 100, 300, 1000, 7500 and 10000 ppm
(equivalent to 0.1, 0.5, 1.5, 5, 15, 50, 400 and 500 mg DEHP/kg/d), presented
previously. DEHP produces a range of male reproductive tract malformations
(RTM) in rats that are the most sensitive adverse effects after oral exposure. To increase the detection of the phthalate syndrome (malformations of the testis, epididymis, prostate, seminal vesicles and external genitalia) up to 3 extra, non-breeding animals were retained from each litter that would normally be removed at
weaning. At 10000 ppm 2/10 F0 males had a testis lesion, whereas all 10 F1 breeding and all 21 non-breeding F1 males, had a RTM and no F1 males produced a litter. At 7500ppm 1 F0 male had a prostate lesion, whereas 7/10 breeding and 11/30
non-breeding F1 males had RTM. In the F2 at 7500ppm 9/10 and 11/20 had RTM
in the bred and non-bred groups, respectively. In breeding animals, DEHP dose
levels <7500 ppm had no effects on the F0 males, a single prostate malformation
was noted at 30 ppm in the F1 males and one control animal with a testis lesion was
observed in the F2 males. Based on the breeding males, the NOAEL for reproductive development was 1000 ppm, even if F1 and F2 animals were combined.
Examination of more animals from the non-bred cohort showed phthalate-type
malformations in the F1 and F2 males at 300 & 1000 ppm. Extra adult offspring examined in these groups lowered the NOAEL to 100 ppm. This study illustrated the
increased ability to detect RTM at lower dose levels by retention of more adult F1
and F2 animals following in utero exposure to the endocrine disruptor, DEHP.

2102

THE CONCOMITANT IN VIVO EXPOSURE OF YOUNG
MALE ADULT RATS TO THE PESTICIDE
METHOXYCHLOR (M) AND THE ANTIESTROGEN ICI
182,780 (ICI) DOES NOT ALTER THE DECLINES IN
SEMINAL VESICLE (SV) WEIGHT, SERUM
TESTOSTERONE (T) LEVEL, EX VIVO LEYDIG CELL
(LC) T FORMATION, OR EX VIVO LC P450
CHOLESTEROL SIDE-CHAIN CLEAVAGE (P450SCC)
ACTIVITY EXERTED BY TREAMENT WITH M ALONE

E. P. Murono1, 2, R. C. Derk1 and Y. Akgul2, 1. 1Pathology and Physiology Research
Branch, NIOSH, Morgantown, WV and 2Physiology and Pharmacology, West
Virginia University School of Medicine, Morgantown, WV. Sponsor: V. Castronova.
M is a pesticide used as a replacement DDT. It exhibits weak estrogenic and/or antiandrogenic activities, and its adverse reproductive effects are thought to be mediated through either the estrogen receptor (ER) or androgen receptor(AR). The current studies evaluated whether the declines in SV weight, serum T level, and ex vivo
LC T formation and P450scc activity exerted by the in vivo exposure of young
adult male rats to M alone are prevented by the concomitant treatment with ICI.
Animals received a single injection (s.c.) of arachis oil alone or ICI (10 mg/kg b.wt.)
dissolved in arachis oil 3 days prior to M exposure. At 54 days of age, animals were
gavaged with corn oil alone or M dissolved in corn oil (200 mg/kg b.wt., once daily
for 7 consecutive days). Animals were sacrificed 22-24 h after the last exposure.
There were 12-13 animals per treatment group. Treatment with M alone decreased
SV weight, serum T level, ex vivo basal LC T formation, and ex vivo LC P450scc
activity to 42, 46, 39, and 53% of control, respectively. Concomitant treatment
with ICI had no effect on these declines produced by M alone. In addition, animals
exposed to ICI alone had values no different than control animals. These results
suggest that the inhibitive effects of M on some male reproductive functions are not
mediated through the ER.
The findings and conclusions in this abstract have not been formally disseminated
by NIOSH and should not be construed to represent any agency determination or
policy.

2103

HYPOSPERMATOGENESIS AND CHARACTERISATION
OF KEY STAGES OF SPERMATOGENESIS IN THE
TESTIS OF THE BEAGLE DOG – A CASE STUDY

A. Shaha. Covance Laboratories LTD., Harrogate, United Kingdom. Sponsor: D.
Everett.
In a thirty nine week dog regulatory toxicology study of a novel pharmaceutical severe hypospermatogenesis was recorded in one out of four high dose and one out of
four low dose group animals but not in any of the controls. The incidence and
severity of the condition was outside the range of our historical data. However, subsequent evaluation of the recovery animals revealed a similar hypospermatogenesis
in a control male, and examination of the breeding records for the colony revealed
that all three dogs were siblings, suggesting a possible genetic aetiology for the testicular change. The ultimate conclusion was that this was not a treatment related
change. This highlights the importance of both reliable historical data and breeding
records for evaluation of possible toxic changes.
This poster illustrates the histomorphology of hypospermatogenesis, together with
the key stages of the normal spermatogenic cycle in the Beagle dog.

2104

MALE SEXUAL MATURITY AND ADVERSE EFFECTS IN
TESTES OF MACACA FASCICULARIS

O. Foulon, P. Desert, M. Attia and R. Forster. CIT, Evreux, France.
It can be important to include a pre-study evaluation of male sexual maturity in the
criteria for inclusion of animals in a general toxicity study. In studies with Macaca
fascicularis, the parameters indicative of male sexual maturity may include weight,
age, testicular volume and testosterone concentration. Sperm analysis can also be
particularly helpful because it confirms sexual maturity, and can be achieved in
Macaque monkeys using electro-ejaculation techniques. We describe here a small
study in which we have examined different non-invasive parameters of male sexual
maturity. Selected mature animals were treated with a reference male reproductive
toxicant, (s)-alpha-chlorhydrin, which was administered daily by subcutaneous injection over a 4 week-period. Treatment did not result in any alteration of the general condition of animals as shown by body weight and clinical condition. The testicular volume was measured before the start of the study and correlated with the
sperm production measured on samples from electro-ejaculation. On treatment
with (s)-alpha-chlorhydrin, there was a rapid diminution in testicular volume
(which correlated with post-mortem histopathological findings) which was evident
in the first two weeks of treatment. No changes were seen in seminology analyses on
treated animals, probably because the dosing period did not cover the entire sper-

matogenic cycle. Histopathological examination revealed mild degeneration of the
testicular germinal epithelium together with disruption of sperm maturation in
some seminiferous tubules. The epididymides did not show any abnormalities either in morphology or sperm content. This study allowed us to demonstrate the
toxic action of (s)-alpha-chlorhydrin to the male reproductive system. Testicular
volume proved to be a simple and sensitive measure of testicular toxicity permitting
in-life monitoring of harmful effects. This study shows the utility of different parameters for the evaluation of sexual maturity and adverse testicular effects.

2105

COMPARISON OF PRECISION AND ACCURACY OF
PROSTATE AND TESTIS ULTRASONOGRAPHY IN THE
CYNOMOLGUS MONKEY

G. F. Weinbauer1, M. Niehaus1 and A. Kamischke2. 1Covance, Muenster, Germany
and 2St Barbara Clinic Heessen, Hamm, Germany.
Cynomolgus monkeys are a well established and clinically relevant animal model
for the study of male reproductive physiology. In this nonhuman primate species,
prostate anatomy and the endocrine control of prostate and testicular size are very
similar to that of man. Determination of testicular and prostate size by ultrasound
is feasible in the cynomolgus monkey and have been reported earlier. In this work
we evaluated the reproducibility and accuracy of ultrasonic volume analysis of testis
and prostate as well as the relationship between age and organ volume. Prostate
(transrectal) and testicular volume was measured by ultrasonography on repeated
occasions and prior to necropsy for correlation with organ weight. Cross-sectional
prostate size determination in 99 animals (1 – 19 yrs old) suggested that adult dimensions are attained within few years. Longitudinal data collected from 8 animals
on repeated sessions yielded intra-method coefficient of variation (CV) of 3.7 – 4.1
% and inter-method CV of 5.8% for testis volumes. For prostate volumes, intramethod CV was 4.9 – 8.3% and inter-method CV was 14.8%. Testis volume and
organ weight correlation (n = 28) was nearly linear (r = 0.98). Correlation for
prostate volume and weight (n = 27) was very close though less pronounced (r =
0.75). Our data indicate that ultrasonography provides a reproducible and accurate
method for the determination of prostate and testicular size in the cynomolgus
monkeys. Importantly, method variability is higher for determination of prostate
size compared to testis size.

2106

NON-INVASIVE UROFLOW ANALYSIS IN THE
CYNOMOLGUS MONKEY

M. Niehaus and G. F. Weinbauer. Covance, Muenster, Germany.
Prostate diseases are highly prevalent in the aging male population and, hence, the
prostate is an important target organ for pharmaceutical drug development.
Uroflowmetry is being used clinically to study prostate physiology and lower urinary tract symptoms. This techniques enables quantitative analysis of uroflow parameters and micturition patterns by a non-invasive approach. In the present work,
the feasibility of uroflow analysis was studied in adult male cynomolgus monkey
(Macaca fascicularis). In this nonhuman primate species, prostate anatomy and endocrine control of prostate size are very similar to that of man. Animals were
housed in specially fitted metabolic cages for 16 hours and the urinary patterns
were recorded using the CONUS uroflow system (Andromeda Medical Systems
GmbH, Germany). For this, computerized detection of single urine flows was developed and the system was adjusted to the smaller urine volume in the cynomolgus
monkey. Baseline experiments proved the feasibility of this analysis and reference
data were collected for 32 animals. Evaluation of uroflow comprised maximal flow
rate, average flow rate, voided volume, duration of flow, duration of micturition,
maximal flow onset and acceleration/delay of voiding. For the clinically most relevant parameter, maximal flow rate (Qmax), on average 4.9 ± 1.0 (SD) mL/sec
(range: 3.3 – 7.4 mL/sec ) were determined in these 32 animals. For man, Qmax
ranges from > 13 to > 21 mL/sec depending on age. In conclusion, non-invasive
uroflow analysis in the cynomolgus monkey is feasible and provides quantititative
information on uroflow parameters and micturition patterns.

2107

EFFECTS OF ENVIRONMENTAL TOBACCO SMOKE ON
RHESUS MONKEY SPERM FUNCTION

P. Hung1, 2, M. G. Miller3 and C. A. VandeVoort1, 2. 1California National
Primate Research Center, UC Davis, Davis, CA, 2Molecular, Cellular, and
Integrative Physiology, UC Davis, Davis, CA and 3Environmental Toxicology, UC
Davis, Davis, CA.
Billions of people world-wide smoke cigarettes, and almost 80% of these smokers
are men. Increased risk for disease also has been found in people exposed to environmental tobacco smoke (ETS). Since human studies are limited by high variability and rat studies are limited by physiological differences between the primate and
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the rat, the current study investigates the effect of ETS on sperm function in a nonhuman primate model. Sperm samples were collected from healthy adult rhesus
monkeys (Macaca mulatta) and treated with different levels of ETS exposed media
for 3 hours. Sperm viability, sperm motility before and after activation, mitochondria integrity, and ATP concentration were evaluated. Computer assisted semen
analysis (CASA) was used to measure motility parameters including average path
velocity (VAP), straight-line velocity (VSL), curvilinear velocity (VCL), amplitude
of lateral head displacement (ALH), beat-cross frequency (BCF), and linearity
(LIN). After three hours of incubation, ETS treatment decreased the percentage of
motile sperm from 95% to 7% and decreased VAP, VSL, VCL, and LIN. Sperm
treated with ETS exposed medium also showed a low response to chemical activation, indicating a decreased ability to undergo capacitation. Mitochondria of ETS
treated sperm had decreased membrane potential as measured by JC-1fluorescence.
However, sperm ATP levels were not affected by ETS. Sperm viability was similar
in the control and treatment groups, but ETS exposed sperm were not able to bind
to oocytes after activation. Overall, ETS had a marked effect on motility, mitochondrial membrane potential and oocyte binding yet did not alter cellular levels of
ATP or membrane integrity. These results suggest that ETS directly affects the
plasma membrane with consequent changes in motility and oocyte binding.
Further work will investigate oxidative damage in ETS exposed sperm.

2108

METHYL-PARATHION INDUCES SPERM DNA
DAMAGE IN MICE

B. Pina-Guzman, M. Solis-Heredia, E. Rojas-Garcia and B. Quintanilla-Vega.
Toxicology Section, CINVESTAV, Mexico City, D.F., Mexico.
Several studies have reported the toxicity of organophosphorous pesticides (OP),
especially the inhibition of acetylcholinesterase and their alkylating properties
linked to a genotoxic risk. Methyl-parathion (Me-Pa), an OP widely used in agriculture in Mexico, has been associated with male reproductive and genotoxic effects. The aim of this study was to evaluate the effects of Me-Pa on the sperm chromatin structure and integrity, after the administration of single doses (3, 6, 10, and
20 mg/kg, i.p. of Me-Pa, 98% purity) to adult male mice (ICR, 9-weeks old).
Depending upon the interval between the treatment and sacrifice, two stages of the
spermatogenesis were evaluated by sacrificing animals at 7 days (spermatozoa at
epididymal maturation) and 28 days (spermatocytes at meiosis) after treatment.
Sperm quality, chromatin structure, and DNA strand breaks were evaluated in spermatozoa from cauda epididymis-vas deferens. Chromatin structure was evaluated
by SCSA (DFI and DFI%) and DNA damage by Nick-Translation (NT-positive).
In vivo exposure to Me-Pa resulted in a dose-dependent increase in sperm DNA
damage: 0.97±0.29 NT-positive cells in the control group versus 5.0±0.5 and
4.9±0.8 at the highest dose at 7 and 28 d post-treatment, respectively. These effects
observed at 7 and 28 days indicate that cells from both stages are target of Me-Pa. A
dose-dependent increase was also found in chromatin condensation (DFI) and
DNA integrity (DFI%). The increase in DFI% (8.5-fold) was higher compared to
NT-positive cells (4.1-fold), suggesting that these techniques may have different
sensitivity or evaluate different DNA damage. Significant alterations were observed
in sperm quality at the highest doses at both times. Our data suggest that spermatocyes at meiosis are as sensitive to the genotoxic potential of Me-Pa as spermatozoa
from the latest step of maturation, but the mechanism may be different. These effects of Me-Pa may seriously affect the fertilizing ability of spermatozoa, and have
the potential to produce transmissible adverse effects to the embryo following a paternal acute exposure.

2109

BIOCHEMICAL ANALYSIS OF ETHYLENE GLYCOL
MONOETHYL ETHER INDUCED CELL DEATH IN THE
TESTES OF RAT

R. Wang1, M. Suda1, N. Jia2, X. Gao2 and T. Honma1. 1National Institute of
Industrial Health, Kawasaki, Japan and 2Beijing Diseases Control and Prevention
Center, Beijing, China. Sponsor: X. Yu.
Ethylene glycol monoethyl ether (EGEE) is known to have toxic effects on reproductive system in a number of species. Our previous study demonstrated that exposure to the compound decrease sperm count and progressive vitality in male exposed workers. However, it is still unknown whether EGEE causes the germ cell
death by apoptosis pathway. In the present study, we examined the pathological and
biochemical changes in the testes of rats after EGEE administration. After treatment with EGEE, a great number of the early dividing late pachytene spermatocytes and early round spermatotides were positive with TUNEL labeling, suggesting the occurrence of apoptosis is cell- and stage-specific. DNA from testicular
tissue of the rats treated with EGEE at 800 mg/kg revealed the characteristic DNA
ladder by 1 day, and the fragmentation of DNA proved the activation of apoptosis
in the germ cell. Gene expression of Bax and Fas were significantly increased, while
Bcl-2, Fas-L and Caspase-3 mRNA levels did not change after EGEE treatment,
implying that only the germ cells but not Seltori cells were damaged due to EGEE
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treatment. The stages of germ cells mostly affected by EGEE and the fact that
steroid sex hormones in blood were not decreased, both suggested that androgen
hormone levels in plasma is not a direct factor modulating EGEE triggered apoptosis pathway in germ cells. Overall, our results demonstrated that apoptosis may be a
major mechanism of germ cell death induced by EGEE in rat testes.

2110

IDENTIFICATION AND CHARACTERIZATION OF
NOVEL AND UNKNOWN GENES AND EFFECTS OF
NEONATAL DIETHYLSTILBESTROL TREATMENT ON
THESE GENES EXPRESSION LEVELS IN MOUSE
EPIDIDYMIS

K. Yamazaki1, 2, T. Adachi3, K. Sato1, 2, Y. Yanagisawa1, 2, H. Fukata1, 2, N.
Seki4, C. Mori1, 2, 5 and M. Komiyama1, 2, 5. 1Department of Bioenvironmental
Medicine, Graduate School of Medicine, Chiba University, chiba, chiba, Japan,
2
Environmental Health Science Project for Future Generations, Graduate School of
Medicine, Chiba University, chiba, chiba, Japan, 3Department of Genomic Drug
Discovery Science, Graduate School of Pharmaceutical Sciences, Kyoto University,
kyoto, kyoto, Japan, 4Department of Functional Genomics, Graduate School of
Medicine, Chiba University, chiba, chiba, Japan and 5Center for Environment,
Health and Field Sciences, Chiba University, kashiwa, chiba, Japan.
Epididymis is an important organ for spermatozoa maturation. Perinatal exposure
to endocrine disruptors (ED) has been thought to induce epididymal dysfunction.
However, little is known about molecular mechanisms of normal function of epididymis and its dysfunction by ED.
In this study, we constructed an in-house cDNA microarray carrying mouse epididymal cDNA clones derived from an epididymal cDNA library. Using this microarray, PCR and in situ hybridization analyses, we identified and characterized
genes with higher expression in mouse epididymis and examined effects of neonatal
diethylstilbestrol (DES) or 17β-estradiol (E2) treatment on their expression levels.
Using the microarray, one novel gene (Epsin, GenBank No. AB233454) and 4
genes (L-plastin, Itmap1, E9-1 and Wfdc16) with unknown function were detected. These genes showed predominant expression in epididymis, and displayed
specific expression patterns in development, localization, and regulation, suggesting
that they might have an important function. Next, male newborn ICR mice were
treated with DES or E2 (5 µg/mouse/day) for 5 successive days, and their epididymides were dissected at 8 weeks-old. The DES decreased expression of these 4
genes except L-plastin, but not E2.
Altogether, these genes and our microarray would help us in understanding not
only the normal function but also the dysfunction by ED in epididymis.

2111

IDENTIFICATION OF PROTEIN ADDUCTS AND GENE
EXPRESSION CHANGES AFTER THE TESTICULAR
TOXICANT MOLINATE

A. Rodriguez1, A. R. Campbell1, W. T. Jewell2, J. L. Spearow1 and M. G.
Miller1. 1Environmental Toxicology, UC Davis, Davis, CA and 2Molecular Structure
Facility, UC Davis, Davis, CA.
Molinate is a thiocarbamate herbicide used in the rice fields of California’s Central
Valley. The sulfoxidation pathway of molinate metabolism has been implicated in
testicular toxicity. Previous studies indicated that molinate sulfoxide and molinate
sulfone adducted hydrolase A, a microsomal protein and a carboxylesterase potentially decreasing cholesteryl ester hydrolysis and availability of cholesterol for testosterone synthesis. This inital study was carried out in microsomal preparations and a
highly labelled protein adduct was identified. The goals of the present study are 1)
to identify additional molinate protein adducts in vitro and 2) to evaluate changes
in gene expression at early timepoints after administration of molinate in vivo.
Microsomes, cytosol, and S9 fractions were prepared from liver and incubated with
1mM [14C]-molinate and NADPH or a NADPH generating system. Proteins were
separated by 1D gel electrophoreses and proteins bands with associated radioactivity were visualized using a phosphorimager. The prominent microsomal adduct was
at a MW of approximately 60 kDa consistent with the previously identified esterase. The S9, but not the cytosolic fraction, had obvious radiolabelled bands at 60
kDa, between 50-55 kDa and 40 kDa. With 2D gel electrophoresis, LC-MS-MS
sequencing of trypsin digested peptide fragments from 4 of the most prominently
labeled spots on the 2D gel indicated the presence of hemoglobin, aldehyde dehydrogenase, retinol dehydrogenase as well as other proteins. More discrete analysis of
each spot is underway. For gene expression studies, molinate was administered to
rats at a dose level that causes testicular toxicity(200 mg/kg) and a low dose level(50
mg/kg). Testes were collected 2 and 12 hrs after molinate administration and
mRNA was isolated with a combination of TRIzol / Rneasy in Oligotex mRNA
kits. Gene expression analysis is being carried using methods developed in the
ArrayCore, Microarray Facility at UC Davis as described by Shultz et al (2004).

2112

INTER-SPECIES COMPARISION OF LIVER AND
TESTICULAR MICROSOMAL METABOLISM OF
BENZO(A)PYRENE

A. E. Archibong1, J. J. Ford2 and A. Ramesh3. 1Obstetrics & Gynecology, Meharry
Medical College, Nashville, TN, 2Meat Animal Research Center, USDA, Nebraska,
NE and 3Biomedical Sciences, Meharry Medical College, Nashville, TN.
An understanding of the way environmental toxicants are metabolized in the male
reproductive system of animal models is central to the management of male infertility and for risk assessment purposes. Polycyclic aromatic hydrocarbons (PAHs)
are a family of widespread contaminants that are released into the environment
from automobile exhausts, cigarette smoke, biomass burning, industrial emissions,
and hazardous waste sites. In exposed animals, PAHs becomes activated to reactive
metabolites that interfere with target organ function and as a consequence cause
toxicity. The magnitude of susceptibility to PAH exposure may depend on the ability of animals to metabolize the chemicals. The present study has been undertaken
to see whether any differences exist among mammals in the metabolism of
benzo(a)pyrene (BaP), a prototypical PAH compound. Microsomes isolated from
the liver and testes of rat, hamster, goat, sheep, boar, bull, and monkey were incubated with BaP. Post-incubation, samples were extracted with ethyl acetate and analyzed for BaP/metabolites by reverse-phase HPLC with fluorescence detection.
The metabolism of BaP in both liver and testes was in the order- monkey > bull >
goat > sheep > boar > hamster > rat under conditions of the test system used. The
rate of metabolism (pmol of metabolite/min/mg protein) was found to be more in
liver than in testis in all the species studied. The BaP metabolites identified were
4,5-diol; 7,8-diol; 9,10-diol; 3-hydroxy BaP, 8-hydroxy BaP, and 9-hydroxy BaP.
The rodent microsomes produced considerably higher proportion of BaP 4,5-diol
and 9, 10-diol than did boar, goat, and sheep. On the other hand, microsomes from
higher mammals converted a greater proportion of BaP to 3-hydroxy and 9-hydroxy BaP, the detoxification products of BaP. Overall, our results revealed a great
variation among species to metabolize BaP (supported by NIH grants GM08037,
ES012168, and RR03022).

2113

EXTRAPOLATION OF TOXIC HEALTH OUTCOMES IN
RODENTS DOSED WITH DI(2ETHYLHEXYL)PHTHALATE TO SELECTED HUMAN
POPULATIONS

M. J. Silva1, E. L. Gray2, L. L. Needham1 and A. M. Calafat1. 1National Center
for Environmental Health, Centers for Disease Control and Prevention, Atlanta, GA
and 2National Health and Environmental Effects Research Laboratory, US
Environmental Protection Agency, Research Triangle Park, NC.
Di(2-ethylhexyl) phthalate (DEHP) is the primary plasticizer used in medical devices and other plastic products. In rodents, DEHP may alter sexual differentiation,
cause epididymal and testicular agenesis and seminiferous tubular degeneration, reduced testes and androgen-dependent tissue weights and undescended testes. This
study was designed to evaluate fetal abnormalities and assess urinary and amniotic
fluid levels of mono(2-ethylhexyl) phthalate (MEHP), a metabolite of DEHP, in
pregnant Sprague-Dawley rats administered with DEHP (11, 33, 100, and 300
mg/kg/d). At 300 mg/kg/d, about 25% of the male pups displayed testicular and/or
epididymal abnormalities; these were less frequently observed in the lower dose
groups. The mean maternal urinary MEHP level in the lowest dosed group was ~16
times higher than the 99th percentile of MEHP in the general US population suggesting that environmental exposure to DEHP in women of child bearing age may
be below the levels that cause severe adverse health outcomes in rodents. In contrast, median (95th percentile) MEHP urinary concentrations in premature infants
who were patients in a neonatal intensive care unit (NICU) were 129 ng/mL (704
ng/mL). The mean MEHP amniotic fluid concentrations ranged from ~70 ng/mL
(at 11 mg kg/d) to 766 (at 100 mg/kg/d). In rats dosed with 300 mg kg/d, the
mean MEHP amniotic fluid levels were ~ 2900 ng/mL, only about 4 fold higher
than the 95th percentile urinary concentration in the group of neonates undergoing medical treatment. Therefore, it is possible that the MEHP concentrations associated with severe adverse health effects in rats may not be much higher than the
doses received by some NICU patients.

2114

INDUCTION OF PC3 CELL DEATH AND DNA STRAND
BREAKS BY BENZO[A]PYRENE-7,8-DIOL-9,10-EPOXIDE
(BPDE)

O. F. Nwagbara1, S. F. Darling-Reed2, R. D. Thomas2 and R. D. Gragg1.
1
Environmental Sciences Institute, Florida A&M University, Tallahassee, FL and
2
College of Pharmacy and Pharmaceutical Sciences, Florida A&M University,
Tallahassee, FL.
In United States, prostate cancer accounts for 25% of all cancer cases and is the second leading cause of cancer related death in men. Humans are daily exposure to
polycyclic aromatic hydrocarbons e.g. benzo[a]pyrene (B[a]P). B[a]P has been asso-

ciated with cancer in rodents and humans. B[a]P is metabolized to highly reactive
metabolite benzo[a]pyrene-7,8-diol-9,10-epoxide (BPDE), which had been reported to cause mutations and cytotoxicity. We hypothesized that BPDE will cause
cell death and DNA strand breaks in PC3 cells. To test this hypothesis, cells were
cultured in RPMI 1640 and were treated with BPDE at various concentrations (1,
5, and 10 µM) for 48 hours. To test for cell viability, MTT assay was employed and
DNA strand breaks were determined by Comet assay analysis.
MTT results shows that treatment with BPDE (1, 5, and 10 µM) for 48 hours
caused cell death of 10%, 50% and 90% respectively. Also, Comet results show
treatment with BPDE (1, 5, and 10 µM) for 48 hours caused DNA strand breaks
with mean olive tail moment of 5, 15, and 33 respectively. We concluded that the
effects of BPDE on prostate carcinoma cell line PC3 are in dose-response manner.
Also, that BPDE causes DNA strand breaks that lead to cell death. Presently, in our
laboratory we are trying to determine the LC50 and possible genotoxic effect of
BPDE in PC3.

2115

A HOLISTIC APPROACH TO HAZARD
IDENTIFICATION BASED ON STRUCTURE-ACTIVITY
RELATIONSHIPS – FROM DATA TO MODELS

R. A. Kemper1, J. B. Majeska1, C. Yang2 and J. Archer2. 1Toxicology and Safety
Assessment, Boehringer-Ingelheim Pharmaceuticals Inc., Ridgefield, CT and
2
Leadscope Inc., Columbus, OH.
Chemically induced toxicity is a major concern for the pharmaceutical, agricultural, and chemical industries, and preclinical toxicity continues to be one of the
major causes of attrition of pharmaceuticals. Application of in silico approaches to
hazard identification and human risk assessment early in product development and
in the regulatory phases has therefore become increasingly more important, particularly in light of regulatory and legislative initiatives around the use of animals in
toxicological research and the identification of low level genotoxic impurities and
metabolites in pharmaceuticals. Construction of reliable QSAR models involves
many practical and fundamental challenges, and ready access to high-quality data
from which accurate predictive models can be derived continues to be a major impediment. Another obstacle to be overcome is the “black-box” nature of many
QSAR models, which has hampered optimal collaboration between toxicologists
and chemists. In this paper, a holistic approach will be systematically demonstrated
to address some of these issues. We have constructed a genetic toxicity database
containing in-house data on pharmaceutical candidates using ToxML standard.
The internal database was then merged with several public genotoxicity databases
that were constructed with the same standards. QSAR model training sets were extracted from the integrated database and analyzed for structural and mechanistic diversity, in consultation with experts in genetic toxicology. Models prepared by this
holistic methodology were validated against a test set of proprietary compounds.
The results suggest that model predictions for drug candidates derived from the integrated database are more reliable than from models derived from any of the individual databases alone. This work demonstrates how genetic toxicity endpoints can
be can be modeled in a way that is intuitive from both the toxicologist’s and the medicinal chemist’s point of view.

2116

DYNAMICS OF EXTRACELLULAR SIGNAL-REGULATED
KINASE (ERK) ACTIVATION IN DEVELOPING
CEREBELLAR GRANULE CELLS (CGC): A SYSTEMS
BIOLOGY-ORIENTED STUDY

Q. Zhang1, W. Mundy2 and R. Conolly2. 1Centers for Health Research, CIIT,
Research Triangle Park, NC and 2USEPA, Research Triangle Park, NC.
ERK is a regulator of neuronal survival and growth and its activation is susceptible
to perturbation by environmental chemicals. The objective of this study was to 1)
characterize the dynamics of ERK activation in response to BDNF and NMDA; 2)
use computational models to promote understanding of the signaling network underlying ERK activation. Dual-phosphorylated ERK was measured in rat CGC on
DIV 7. Cells were treated with either a 5-min pulse or continuous BDNF or
NMDA for up to 2 hrs. For both BDNF (50 ng/ml) and NMDA (50 µM), ERK
activation was bi-phasic. A fast rise in phosphorylated ERK, peaking at 10-30 min,
was followed by a slow increase to 120 min. In contrast to the 5-min treatment,
continuous stimulation caused a slight dip in ERK activity between the fast and
slow phases. To help interpret these results, we constructed a computational model
of the signaling cascade from TRK or NMDAR activation at the cell membrane to
cytosolic ERK activation. The biphasic activation can be explained by sequential
activation of two positive feedback loops CGC. The first feedback has a fast dynamic and possibly involves the core MAPK cascade (Bhalla et al, Science 2004).
This feedback accounts for the initial fast rise in phosphorylated ERK may ensure
subsequent activation of the second feedback. The second feedback may be transcriptionally regulated as it starts later time and causes slower up-regulation of
ERK. Interestingly, the slow rising phase of ERK activation in CGC was not seen in
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the NIH 3T3 fibroblasts studied by Bhalla et al (ibid). In the fibroblasts, the rapid
initial activation of ERK is followed by a gradual decline in activated ERK mediated by transcriptional induction of ERK phosphatase. Thus, NIH 3T3 cells and
CGC appear to differ in the transcriptionally mediated regulation of activated
ERK. This work was reviewed by EPA and approved for publication but does not necessarily reflect official Agency policy.

2117

A THREE-DIMENSIONAL ANATOMICAL MAP OF THE
MAJOR EPITHELIAL TYPES IN THE B6C3F1 MOUSE
NASAL PASSAGES
E. A. Gross1, D. R. Joyner1, 2, A. M. Jarabek1, 3 and J. S. Kimbell1. 1CIIT Centers
for Health Research, Research Triangle Park, NC, 2Currently, UNC, Chapel Hill, NC
and 3National Center for Environmental Assessment, USEPA, Washington, DC.
Anatomical shape and epithelial composition are critical factors in the uptake and
deposition of inhaled materials as well as lesion location within the upper respiratory tract (URT) of different species. Anatomical shape influences airflow distribution within the URT and consequently site specific dose. Epithelial type affects tissue response mechanisms such as metabolic pathways and capacities, clearance
rates, repair, and pathology. Computational fluid dynamics (CFD) models based
on three-dimensional anatomical reconstructions (3-DAR) of the URT have been
used in rats, monkeys, and humans to test mechanistic hypotheses and improve risk
assessment accuracy. Because most bioassays are conducted in both rats and mice
and many genomic platforms are based on the mouse, construction of a CFD
model of the B6C3F1 mouse URT was undertaken. A 3-DAR of the mouse URT
was constructed previously using high quality digital photography of step sections
of a fixed, frozen, male B6C3F1 mouse nasal specimen and the image processing
software package Mimics. The 3-DAR forms the basis for a CFD model of airflow
and inhaled material transport in the mouse nasal passages currently under construction. To add the locations of major epithelial types to the 3-DAR, a fixed
paraffin embedded mouse nasal specimen was step-sectioned (50 µm) and examined using light microscopy. Epithelial type was marked by color-code on matched
cross-sectional images of the 3-DAR using operator controlled image thresholding
in Mimics and a Wacom graphic tablet and pen set. The volume of 3-DAR was
41.16 mm3 with a surface area of 432.68 mm2, larger than values previously reported, though the difference may be due to artifacts in the current reconstruction.
These epithelial maps when used in conjunction with the CFD model will allow
evaluation of the relative role of airflow delivery versus tissue sensitivity for assessment of inhaled materials in the respiratory tract.

2118

CHEMICALLY-INDUCED SKIN IRRITATION:
COMPUTATIONAL MODEL OF INTRACELLULAR
SIGNALING PATHWAYS THAT MEDIATE
INFLAMMATORY RESPONSE
M. S. Breen1, Y. Zeng2, Q. Zhang3, J. N. McDougal4, P. Shi4 and R. B.
Conolly1. 1NCCT, USEPA, Research Triangle Park, NC, 2Purdue University, West
Lafayette, IN, 3CIIT Centers for Health Research, Research Triangle Park, NC and
4
Wright State University, Dayton, OH.
Dermal exposure to chemical irritants induces a local inflammatory response
through cytokine-mediated stimulation of signaling pathways. We are developing a
computational model of the intracellular signaling pathways that mediate the acute
inflammatory response to describe the dose-response for skin irritants. A previously
developed preliminary model described NF-κB signaling pathway mediated by interleukin-1 (IL-1). IL-1 is an initiator of the inflammatory response. In this study,
which is restricted to intracellular signaling, we extended the model by describing
feedback regulation of IL-1 receptor numbers. The new model includes negative
feedback of IL-1 induced synthesis of biologically inactive receptors (IL-1RII) and
antagonist ligands (IL-1Ra), and positive feedback of IL-1 induced synthesis of agonist ligands (IL-1α, IL-1β). IL-6 expression is used as an index of the intensity of
the inflammatory response. Reaction rates and initial concentrations were taken
from the literature or set to biologically reasonable values. Computer simulations
were performed to examine dose and time responses, and compared with the limited amount of available, relevant experimental data. This model allows for an improved understanding of the regulatory mechanisms of the inflammatory process
and of dose-response behaviors at the molecular level. This work was reviewed by the
U.S. EPA and approved for publication but does not necessarily reflect Agency policy.
Work conducted at Wright State University was supported by the U.S. Air Force Office
of Scientific Research.

2119

PARTICLE DEPOSITION IN THE LUNG CENTRAL
AIRWAYS
B. Asgharian, S. Gudi and B. A. Wong. Division of Computational Biology, CIIT
Centers for Health Research, Research Triangle Park, NC.
Assessment of particle deposition in lung airways is an important step in linking inhalation exposure to biological response. External forces on inhaled particles cause
deposition in specific locations within the respiratory tract. Accumulated deposi-
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tion may lead to lung injury and adverse health effects. To identify sensitive areas
on airway surfaces, a 3-D computational model of human lung central airways was
constructed based on airway morphometric measurements. The central airways
model consisted of 9 common airways of the lung starting from the trachea and
branching down to segmental bronchi. A computer mesh of the airspace was created and used to compute airflow within the airway branching network during a 2second inhalation. A commercially-available computational fluid dynamics software package (Fluent Inc., Lebanon, NH) was used to solve the Navier Stokes and
continuity equations of airflow. The airflow field was obtained assuming a uniform
inlet velocity at the entrance to the trachea based on a 750 ml tidal volume and atmospheric pressure at the outlets of the segmental bronchi. Strong secondary flows
were observed near the bifurcations. Flows became steady (time-independent) in
less than a half second, confirming that the common steady-state flow assumption
in lung airways is justified. The airflow information was used to calculate the
amount and location of particle deposition in a Lagrangian frame of reference. For
micrometer size and larger particles, deposition occurred mainly by impaction in
the carinal sections of the airways. Additional deposition occurred as a result of migration of particles to the wall by secondary flows that resulted in particle deposition by interception. Particle deposition increased with particle size. The results
from this study will aid in studying the health impact on people from exposure to
airborne particles.

2120

NON-SPECIFIC TOXICITY REDUCTION BY
ENCAPSULATING TOXINS IN NANOLIPOSOMES: A
THEORETICAL MODEL

D. Dimitrov and I. A. Sidorov. NCI, NIH, Frederick, MD. Sponsor: L. Anderson.
Toxins and their derivatives as antibody-toxin fusion proteins have shown antitumor activity in humans. However, their efficacy is limited by non-specific toxicity caused by binding to and killing of normal cells. Encapsulation of toxins in liposomes could decrease the extent of nonspecific toxicity if the binding of
liposomes to cancer cells and the release of their contents is more efficient than the
respective binding of free toxin molecules. Major differences between binding of liposome encapsulated and free toxins relate to half-life, penetration, avidity and capacity (ratio of toxin to targeting molecules – for free single chain antibody-toxin
fusion protein this ratio equals one). In an initial attempt to quantify the contribution of each of these factors we developed a model based on the assumption that the
targeting molecule (e.g. scFv) is the same, and the distribution in the body is the
same for both formulations. The results will be presented and discussed in relation
to the design of toxin-encapsulating antibody-conjugated nanoliposomes with reduced toxicity compared to free toxin-antibody fusion proteins.

2121

VALIDATION OF THE NQO1 ACTIVE SITE MODEL BY
DOCKING STUDIES AND MECHANISTIC STUDIES OF
SELECTIVE TOXICITY OF GOOD LAVENDAMYCIN
SUBSTRATES OF NQO1

M. Hassani1, W. Cai2, J. Gerdes1, M. Behforouz2 and H. Beall1. 1The University
of Montana, Missoula, MT and 2Ball State University, Muncie, IN.
NAD(P)H:quinone oxidoreductase 1 (NQO1) can bioreductively activate antitumor quinones including lavendamycins in cancer cells that overexpress this enzyme
to exhibit selective toxicity. Our laboratory recently developed a 1H69 crystal structure-based computer-generated model of the NQO1 active site to facilitate
NQO1-directed lavendamycin-antitumor-agent development. To validate practicality of the model, docking studies of lavendamycins using the FlexX and
CSCORE modules of SYBYL 7.0 were performed. Initially, metabolism of novel
lavendamycin analogues by recombinant human NQO1 and the cytotoxicity to
NQO1-deficient BE-WT and NQO1-rich BE-NQ human colon adenocarcinoma
cells by cytochrome c and MTT assays were determined. Next, two analogues, MB340 and -100 with reduction rates of 60.0 ± 7.6 and 7.0 ± 1.5 µmol/min/mg
NQO1 and cytotoxicity ratios of 6 and 1, respectively, were selected as representative good and poor substrates for NQO1 for model validation. The model predicted a high number of poses with optimum CSCORE and binding orientations
for proper hydrogen bonding interactions and hydride ion reception for MB-340.
In contrast, only 2 poses of MB-100 could enter the active site and the other 28
poses due to steric interactions were excluded from the active site. This validated
our model since the good and poor substrates were correctly distinguished. Further
studies were performed to elucidate a possible mechanism of selective toxicity of
good lavendamycin substrates towards BE-NQ cells. Since lavendamycins are structurally related to streptonigrin, which is highly capable of redox cycling and induction of oxidative stress, we hypothesized lavendamycins could deplete the main antioxidant cellular defense system, glutathione. MB-353 (good substrate)
significantly decreased the levels of reduced glutathione in BE-NQ cells compared

to BE-WT cells suggesting an NQO1-mediated selective depletion of reduced glutathione due to redox cycling. Supported by NIH grants CA74245, RR15583 and
RR17670.

2122

ADDUCTION OF CYTOCHROME C BY
BENZOQUINONE AND (GLUTATHION-S-YL)-1,4BENZOQUINONE CAUSES A LOSS OF PROTEIN
FUNCTION

A. A. Fisher1, M. T. Labenski1, V. Gokhale1, S. B. Bratton2, T. J. Monks1 and S.
S. Lau1. 1Pharmacology/Toxicology, University of Arizona, Tucson, AZ and
2
Pharmacology/Toxicology, University of Texas, Austin, TX.
1,4-Benzoquinone (BQ) and its glutathione (GSH) conjugates cause renal proximal tubular cell necrosis, and 2,3,5-tris-(glutathion-S-yl)hydroquinone is nephrocarcinogenic in the Eker rat. The adverse effects of BQ and GSBQ are in part a consequence of their ability to generate reactive oxygen species and to arylate proteins.
Quinones are also electrophilic and capable of forming covalent adducts with proteins. Such chemical-induced post-translational modifications (PTMs) can alter
protein structure, consequently altering protein function. BQ and GSBQ preferentially bind to solvent-exposed lysine-rich regions within cytochrome c (CC). The
CC residues K25-27 and K86-87 were identified by LC MS/MS as BQ binding
sites, with the lysines forming a novel cyclized di-quinone adduct. Additionally, adduction sites of GSBQ on CC were K22-25, K25-27 and K86-87. Previous site-directed mutagenesis studies showed that CC forms complexes with Apaf-1 via an annulus of lysine residues on K7, K25, K39, ETLM(62-65), and K72. Using a
molecular modeling approach, Insight II, we visualized the impact of BQ and
GSBQ adduction on CC. Such modeling of BQ adducted CC revealed the cyclized
BQ adduct modifies the bond distance between K25-27 from 5.26Å in the native
conformation to 9.27Å with the BQ adduct. This adduct also induces a conformational change in residues that interact with Apaf-1 during apoptosome formation.
Because CC is an integral component of apoptotic cell death signaling pathways,
selective adduction of specific residues on CC may influence its function. Indeed
BQ-adducted CC adducts fail to initiate caspase-3 activation in extracts of THP.1
cells. In conclusion, molecular modeling reveals chemical-induced PTMs can produce structural changes in proteins that can alter their biological function. Further
biochemical assays utilizing modified CC may elucidate the mechanism by which
BQ regulates the apoptotic function of CC. (GM39338, GM070890, ES06694).

2123

PROMOTION OF LIVER GST-P FOCI BY A CHEMICAL
MIXTURE OF HEXACHLOROBENZENE (HCB) AND
3,3’,4,4’,5-PENTACHLOROBIPHENYL (PCB126):
INTEGRATION OF COMPUTER MODELING AND
BIOLOGY OF CLONAL GROWTH

Y. LU1, M. Lohitnavy1, M. Reddy1, O. Lohitnavy1, E. Eickman1, A. Ashley1,
Y. Xu2 and R. Yang1. 1Environmental & Radiological Health Sciences, Colorado State
University, Ft Collins, CO and 2McArdle LAB. for Cancer Research, University of
Wisconsin, Madison, WI.
The objectives of this study were two-fold: (1) evaluating carcinogenic potential of
a mixture of two persistent pollutants, HCB and PCB126, in an initiation/promotion bioassay involving the development of glutathione S-transferase π form (GSTP) liver foci; and (2) integrating computer modeling with the biology of foci
growth in the bioassay. The 8-week bioassay involved initiation with diethylnitrosamine on day 0, two-thirds partial hepatectomy on day 21, and daily oral gavage of HCB+PCB126 mixture from day 14 in young male F344 rats. The animals
were sacrificed on days 20, 24, 28, 47, and 56. The mixture treatment significantly
increased GST-P foci area and number in the liver, indicating the carcinogenic potential of this mixture. Our biologically based computer model was developed to
simulate the occurrence and evolution of initiated GST-P cells in the liver over
time. The initiated cells were partitioned into A and B subpopulations with the
same division rate but different death rates. Each subpopulation was further categorized into single cells, mini- (2-12 cells), medium (13-400 cells), and large foci
(>400 cells) with different growth kinetics. For the first time, our model quantitatively analyzed the effects of the size of foci on their growth kinetics. The model
outputs on relative foci volume, foci number/cm3 liver, and size distribution were
consistent with the experimentally derived data. This study is part of our continuing development of a predictive tool for carcinogenic potential of chemical mixtures by integrating computer modeling with biology of foci development. The predictive power of such biologically based modeling will increase as more data are
available and quantitative correlation can be drawn between chemical properties
and critical model parameters. (Supported in part by NIOSH RO1 OH07556 and
NIEHS 1 T32 ES 07321)

2124

STOCHASTIC SIMULATION TO OBTAIN THE EXACT
SOLUTION OF THE TWO-STAGE CLONAL GROWTH
MODEL

R. Conolly1, K. S. Crump2 and H. J. Clewell3. 1National Center for
Computational Toxicology, USEPA, Research Triangle Park, NC, 2Environ Health
Sciences Institute, Ruston, LA and 3Center for Human Health Assessment, CIIT,
Centers for Health Research, Research Triangle Park, NC.
Multistage clonal growth models (CGM) are used to predict tumor incidence in
support of cancer dose-response assessments. Several groups have described analytical expressions for the exact solution of the 2-stage CGM for time-constant parameters. However, solutions derived for time-constant parameters sometimes fail to
give good approximations when the parameters are time-dependent. Moolgavkar
and co-workers solved the forward Kolmogorov equations to calculate the exact solution of the 2-stage CGM with piecewise-constant parameters. Recently, a new
method of solution based on the backward Kolmogorov equations had been developed for the case of time-dependent parameters. In this report we describe an alternative, though computationally intensive, method to obtain the exact incidence for
the 2-stage CGM for time-dependent parameters. Poisson random numbers are
used to describe mutation of normal cells, the birth-death process of the initiated
(1-mutation) cells is described using binomial random numbers, and the mutation
of initiated cells is described using either binomial or Poisson random numbers. A
model run proceeds until a tumor arises. The model is then restarted. Several thousand runs provide incidence curves that agree well with the exact solution calculated by solving the backward Kolmogorov equations. The current implementation
of this model in vectorized MATLAB code achieves about 100 runs/minute on a
desktop PC. This approach is much slower than the method that solves the backward Kolmogorov equations, and would therefore have little value for applications
involving statistical optimization. The approach may in the future be more useful as
computer power increases and as more complicated biochemical signaling networks
are incorporated into CGM. This work was reviewed by the U.S. EPA and approved
for publication but does not necessarily reflect Agency policy.

2125

DEVELOPMENT OF A PHARMACOKINETIC-DRIVEN
COMPUTATIONAL FLUID DYNAMICS MODEL TO
PREDICT NASAL EXTRACTION OF HYDROGEN
SULFIDE IN RATS

J. D. Schroeter, J. S. Kimbell, M. E. Andersen and D. C. Dorman. CIIT Centers
for Health Research, Research Triangle Park, NC.
Hydrogen sulfide (H2S) gas is released by both natural and industrial sources.
Animal studies have shown that subchronic exposure of rats to 30 or 80 ppm H2S
results in olfactory neuron loss and basal cell hyperplasia. Lesion sites within the olfactory epithelium commonly border high velocity airstreams, indicating an influence of airflow patterns on H2S-induced lesion locations. In this study, a computational fluid dynamics (CFD) model was developed to quantitatively predict H2S
tissue dose in rat nasal passages. Nasal extraction (NE) of 10, 80, and 200 ppm H2S
was measured in the isolated upper respiratory tract of anesthetized CD rats under
constant unidirectional inspiratory flow rates of 75, 150, and 300 ml/min. NE was
dependent on inspired concentration and flow rate, with decreasing NE observed as
concentration or flow rate increased. An anatomically accurate CFD model of
steady-state inspiratory airflow in rat nasal passages was modified to include elimination of H2S in nasal tissue by diffusion and by first-order (kf) and saturable (Vmax,
Km) metabolism. Fitted kinetic parameters cannot be efficiently obtained with the
CFD model. Therefore, an air-tissue pharmacokinetic (PK) model was developed to
simulate H2S extraction by the rat nasal cavity. Kinetic parameters were estimated
by fitting the PK model to the NE data (kf = 5.3 min-1, Vmax = 183.8 µmol/min, Km
= 27.7 µmol/ml), and then implemented in the mass transfer boundary condition
in the CFD model. Predicted NE values obtained using this pharmacokineticdriven CFD approach were in good agreement with the experimental measurements. Predicted H2S flux at the mid-dorso-medial meatus and the middle portion
of the ethmoid recess showed a close correlation with olfactory lesion incidence determined from a separate subchronic H2S inhalation study. These results can be extrapolated to obtain estimates of human health risks to H2S exposure.

2126

ONGOING DEVELOPMENT OF BIOTRANS: A TOOL
FOR PREDICTIVE XENOBIOTIC METABOLOMICS OF
CHEMICAL MIXTURES

A. N. Mayeno1, R. Yang1 and B. Reisfeld1, 2. 1Environmental & Radiological
Health Sciences, Colorado State University, Fort Collins, CO and 2Chemical &
Biological Engineering, Colorado State University, Fort Collins, CO.
Metabolism of a mixture of chemicals is much more complicated than that of single compound, as various interactions can occur in vitro and metabolites shared
among the pathways can emerge. Experimental studies of chemical mixtures to determine toxic intermediates and understand the interconnected metabolic pathways
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can be resource prohibitive; hence, novel, alternative approaches are needed. Here
we describe further development and use of a computer-assisted modeling tool for
“predictive metabolomics” that we call BioTRaNS (Biochemical Tool for Reaction
Network Simulation). This tool simulates metabolism in silico by using “virtual enzymes” (each comprising reaction rules and binding feasibility predictors) and “virtual agents” (that perform non-enzymatic reactions) to mediate the transformation
of “virtual molecules”. We demonstrate the ability of our tool to qualitatively predict the metabolites of four pollutants (trichloroethylene, perchloroethylene,
methyl chloroform, and chloroform), depict their interwoven metabolic pathways,
and identify metabolites in common and intermediates expected to be unstable or
reactive, including epoxides, acid chlorides, and radicals. We also predict and highlight species based on mechanism-based rules, such as cytochrome P450 heme-oxosubstrate complexes. To be useful for cumulative risk assessment of chemical mixtures, the ability to estimate quantitative and time-dependent formation of reactive
metabolites in humans is essential. Here we present preliminary work to predict the
kinetics of formation of the primary metabolites of such a mixture, integrating
methodologies previously described by others, such as Jones and Korzekwa. Our
work represents early steps in using this tool to describe, simulate, and understand
the interwoven and complex metabolic reaction networks of chemical mixtures.
(This study was supported, in part, by NIEHS grants K25 ES11146 and K25
ES012909.)

2127

AN EXPLORATORY PARTICOKINETIC MODEL FOR
ADDRESSING THE UNIQUE CHALLENGES OF
NANOPARTICLE DOSIMETRY IN VITRO

J. G. Teeguarden, P. M. Hinderliter and J. G. Pounds. Biological Monitoring and
Modeling, Pacific Northwest National Laboratory, Richland, WA.
In vitro cell-based systems are the principal tool for screening nanoscale and larger
particles for biological activity. The effectiveness of particles to induce responses is
compared across particle size for a class (TiO2), across classes (e.g. TiO2 vs.
fullerenes) and time. Particle concentration, particle number, mass and surface area
are used as metrics of dose for these comparisons. Much like the imperfect assumption of a previous era that external exposure concentration is a good metric of dose,
for some particle sizes and types this may obscure underlying dose-response relationships. Conclusions drawn about the comparative toxicity of particles may be
incorrect, as would the research priorities based on them. We have developed a particokinetic model to explore in vitro dosimetry of nanoscale and larger particles of
various compositions (TiO2, Fullerenes, FeO2). The model describes particle-type
dependent deposition through tissue culture media onto cells adhered to the culture dish and subsequent media markers of response. Particle dose to the cell is described by classical particle solution dynamics and is a function of particle size and
density, including a simple packing correction for spherical particles on the cell surface. We show that particle dose to the cells, and therefore cellular response, is in
part a function of particle settling time. Measured responses to particles of any conformation may be compared directly if settling times are similar, but should not be
compared for those with settling times that are significantly long relative to the
timescale of the experiment. We also show that for particles with short settling
times, larger media volumes equate to larger doses to the cells. Media concentration
of particulates is a poor metric of dose for in vitro particulate studies. In vitro studies of particulate dose-response would benefit addressing the issue of settling time
through use of particokinetic models such as the one developed here.

2128

NETWORK ANALYSIS FOR TOXICITY PREDICTION OF
ENDOCRINE DISRUPTORS USING KEYMOLNET

H. Sato1, J. Kanno2, A. Takagi2, A. Ono2, R. Taniguchi1, M. Ogura1 and A.
Itai1. 1Bioinformatics, Institute of Medicinal Molecular Design, Inc. (IMMD), Tokyo,
Japan and 2Cellular & Molecular Toxicology Division, National Institute of Health
Sciences, Tokyo, Japan. Sponsor: T. Inoue.
Networks formed by protein-protein interactions and protein complexes are essential for any biological processes and responses including the toxicity responses in
living organisms. We have already reported the consolidated and systemized information platform “KeyMolnet” at the 2005 SOT annual meeting. We initiated a
pilot study for establishing network profiles for screening/ prediction of “endocrine
disruptor” candidates by applying the DNA microarray data to the KeyMolnet. To
evaluate detailed conditions for the establishment of network profiles, comprehensive gene expression analysis was performed on liver samples obtained from mice
orally exposed to well-known hormonal drugs such as ethynyl estradiol (estradiol),
testosterone propionate (TESTO) and levothyroxine in relatively low doses (estradiol; 1, 3, 10µg/kg, TESTO; 1, 3, 10mg/kg, Levothyroxine; 1, 3, 10µg/kg) at different time points (2, 8, 24 hrs after administration). The data from Affymetrix
GeneChip (Mouse 430-2) were processed by the Percellome method. Although, by
regular statistical analysis, almost no significant changes were detected in the
canonical estrogen receptor, androgen receptor and thyroid receptor signal trans-
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duction pathways for the at any time point nor any amount of dose, activated networks by the hormonal drugs were successfully created by the Neighboring Search
Method, the AND and the DIFF Operation Function of KeyMolnet from the upregulated genes in the livers of hormonal drugs-administered mice compared to
those in the controls. The extracted networks were suggested to be specific for the
hormonal drugs, thus indicating that this established system is useful for toxicity estimation of endocrine disruptor candidates from a very short-term exposure study
performed at relatively low doses where no overt phenotypes are induced in the test
animals.

2129

TWENTY EIGHT DAYS OF ORAL ISOTRETINOIN (13CIS-RETINOIC ACID) TREATMENT INDUCES
EPIGENETIC CHANGES IN ADULT SPRAGUE-DAWLEY
RATS

F. J. Cisneros1, S. A. Ferguson2, C. K. Wise3 and L. A. Poirier3. 1Preclinical Services,
Charles River Laboratories, Horsham, PA, 2Division of Neurotoxicology, National
Center for Toxicological Research/FDA, Jefferson, AR and 3Division of Molecular
Epidemiology, National Center for Toxicological Research/FDA, Jefferson, AR.
Oral isotretinoin is an effective treatment for severe cystic acne. Retinoid (including
the all-trans and 9-cis isomers)-induced gene-regulating activity has been substantiated. However, no isotretinoin gene-related activity has been suggested. Since its
dermatological effects are likely elicited via isomerization to the all-trans isomer, its
potential role in gene expression remain to be elucidated. To determine whether
oral isotretinoin affects DNA methylation, an epigenetic mechanism that partially
controls gene expression, adult male and female Sprague-Dawley rats were gavaged
for 28 days with 0 (soy oil), 7.5 or 15 mg/kg of isotretinoin (n=8/sex/dose).
Genomic DNA from liver and spleen was isolated. Global levels of 5-methyldeoxycytidine (5mC) in liver DNA were determined by HPLC. Because methylation of
cytosine residues at CpG sites plays a critical role in controlling gene expression, genomic DNA methylation status at the CCGG sites of liver and spleen was assessed
using the methylation sensitive cytosine extension assay. While the total extend of
methylation of liver DNA was not altered by isotretinoin treatment, levels of 5mC
within the CCGG sites were reduced in the liver of treated males (p<0.01) and in
the spleen of treated male and female rats (p<0.01). Spleen levels indicated a doseresponse. These data constitute the first evidence of epigenetic changes (cytosine
methylation within the CpG dinucleotides) induced by isotretinoin. Oral
isotretinoin treatment may elicit its biological effects by altering gene expression via
changes in cytosine methylation within the CpG dinucleotides. This work was supported by NCTR/FDA Protocol E-7145

2130

DIETARY VITAMIN E SUPPLEMENTATION ENRICHES
HEPATIC MITOCHONDRIA WITH PROTECTIVE
LEVELS OF ALPHA TOCOPHEROL

T. Rhim2, J. Zhang1, S. K. Sivaraman1 and M. W. Fariss1. 1Pharmaceutical
Sciences, University of Colorado Health Sciences Center, Denver, CO and
2
Biotechnology, Sangji University, Wonju, Kangwon-do, South Korea.
Previous studies from our laboratory have demonstrated that the unique protective
abilities of vitamin E succinate are related to this vitamin E derivative’s ability to
rapidly enrich hepatic mitochondria with protective levels of d-alpha tocopherol
(T). To investigate whether a similar mitochondrial T enrichment can be accomplished with dietary vitamin E supplementation, we fed rats normal chow diets
containing three different amounts of vitamin E acetate (TA); control (36 mg
TA/kg diet), low E (208 mg TA/kg) and high E (1,180 mg TA/kg) for 7 or 90 days.
Data from these experiments showed that dietary TA supplementation (at each
level) for more than 7 days did not significantly increase T levels of hepatic subcellular fractions (homogenate, mitochondria, inner mitochondrial membrane, lysosome or microsome); with identical T levels observed after 7 and 90 days of treatment. In contrast, the amount of TA in the diet significantly increased the
concentration of T in subcellular fractions, with approximately a 2.5 fold increase
and an 8 fold increase in all subcellular fractions obtained from the low E diet and
high E diet, respectively (as compared with the control diet). Hepatocytes isolated
from rats given control and low E diets were susceptible to the toxic effects of iron
treatment (0.5 to 2 mM) while protection was afforded to hepatocytes isolated
from rats fed a high E diet for 7 days. High E diet-mediated cytoprotection correlated with the prevention of iron-induced mitochondrial ROS production and the
susceptibility of mitochondrial membranes to lipid peroxidation (events not prevented with control and low E diets). These studies support the enrichment of mitochondrial membranes with protective levels of T as a critical event in the protection of hepatocytes against toxic oxidative stress. Our findings also support the use
of dietary vitamin E supplementation as a potential therapeutic strategy for hepatic
diseases caused by oxidative stress.

2131

4-HYDROXYACETOPHENONE-INDUCED CHOLERESIS
IN RATS IS MEDIATED BY AN MRP2- AND
GLUTATHIONE-DEPENDENT MECHANISM

C. Mahagita1, 2, K. Tanphichai1, N. Ballatori2 and P. Piyachaturawat1. 1Physiology
Department, Mahidol University, Bangkok, Thailand and 2Environmental Medicine,
University of Rochester, Rochester, NY.
4-Hydroxyacetophenone (4-HA), a naturally occurring active compound found in
several medicinal herbs, exerts a potent choleresis by enhancing bile-acid independent bile flow (BAIF). In this study, the underlying mechanism by which 4-HA-induces BAIF was examined in normal Wistar rats and in TR- Wistar rats with a congenital defect in the multidrug resistance-associated protein-2, Mrp2/Abcc2, the
protein that mediates biliary excretion of a variety of organic compounds, including
glutathione, and conjugates with glucuronide, glutathione, or sulfate. In normal
rats, intraduodenal administration of 4-HA dramatically increased bile flow rate
(BFR) in a dose-related manner, whereas 4-HA had minimal effects in TR- rats.
The choleresis produced in the normal rats was not accompanied by increases in
biliary concentrations of Na+, K+, Cl- and HCO3-, and was associated with only a
small increase in bile acid excretion; however, there was a significant increase in reduced glutathione (GSH) excretion into bile. To examine whether the choleresis
was also be due to the active biliary secretion of 4-HA and/or its metabolites, biliary
constituents were analyzed by HPLC. These measurements revealed that a single
major compound was found in bile, namely 4-hydroxyacetophenone-4-O-glucuronide (up to 13 mM in bile), and that biliary excretion of the glucuronide was
directly correlated with the increased BFR. These results demonstrate that the
major biliary metabolite of 4-HA in rats is the 4-O-glucuronide, that this metabolite is secreted into bile at high concentrations, and that this transport event is associated with enhanced biliary GSH excretion. In contrast, Mrp2-deficient animals
failed to exhibit a choleresis, suggesting that the 4-HA-O-glucuronide is transported into bile by an Mrp2- and GSH-dependent mechanism, and that the combined excretion of these two anions accounts in large part for the choleretic effects
of 4-HA. Thus, 4-HA might have therapeutic potential as a cholelytic agent.

2132

HEPATIC GENE EXPRESSION CHANGES ASSOCIATED
WITH LIPID METABOLISM WITH AGE IN THE
FISCHER RAT

K. Mori1, 2, J. S. Parker3, E. K. Lobenhofer4, E. Ney2, J. H. Roycroft2, D. P.
Orzech2, P. E. Blackshear5, R. D. Irwin2 and G. A. Boorman2. 1Drug Safety
Research Laboratory, Daiichi Pharmaceutical Co., LTD., Edogawa-ku, Tokyo, Japan,
2
Environmental Toxicology Program, National Institute of Environmental Health
Sciences, Research Triangle Park, NC, 3Constella Group, Inc., Research Triangle Park,
NC, 4Paradigm Array Labs, A service unit of Icoria, Inc., Research Triangle Park, NC
and 5Integrated Laboratory Systems, Inc., Research Triangle Park, NC.
The liver is one of the most common tissues in which cancer occurs following
chemical exposure. Understanding changes in hepatic gene expression with age is
critical if transcriptional profiling is to be applied to long-term carcinogenicity
studies. Several reports in the rat show that genes involved in lipid metabolism
change significantly with age. Peroxisome proliferators-activated receptors (PPARs)
often associated with hepatocarcinogens have recently been shown to be involved in
lipid catabolism. Other nuclear receptors such as sterol regulatory element-binding
protein (SREBP) appear to regulate lipid synthesis. We studied hepatic gene expression in 38 untreated F344/N rats at approximately 7.5, 13.5 and 19.5 months of
age. Statistical analysis of microarray (SAM) identified differential expression between the three age comparisons often with the greatest changes in the oldest rats.
In this study we focus on genes whose products are involved in lipid and glucose
metabolic pathways. Transcript levels for eleven genes involved in fatty acid/cholesterol and glucose metabolism were confirmed using quantitative real time RT-PCR.
The results of this study demonstrate prominent changes in gene expression for
genes whose products are involved in lipid and glucose metabolism. Further there
appears to be greater individual variability in gene expression with aging. These
changes are important when interpreting gene expression changes that may be related to chemical exposure in older rats.

2133

DEVELOPMENT OF PHOSPHOLIPIDOSIS ASSAYS IN
RAT HEPATOCYTES AND HEPG2 CELLS USING
PHOSPHOLIPID PROBE NBD-PE OR NILE RED STAIN

N. Bhandari, D. J. Figueroa, J. W. Lawrence and D. L. Gerhold. Merck Research
Laboratories, West Point, PA.
Phospholipidosis (PL) is an accumulation of phospholipids in lysosome-derived
multilamellar vesicles called “myelin bodies”. More than 50 commercial drugs are
known to cause PL. Cationic amphiphilic drugs (CAD) are classical inducers of
phospholipidosis. In vitro screening assays were developed in rat primary hepatocytes and HepG2 cells using fluorescent labeled phospholipid probe NBD-PE or

nile red lipid stain. The assays were validated using amiodarone and fluoxetine as
positive controls and precocene and valproic acid as negative controls. NBD-PE accumulation and nile red staining were measured using fluorescence microscopy
with morphometric analysis. The phospholipidosis potential values obtained from
the NBD-PE assay were similar to the values obtained from the nile red assay. The
NBD-PE assay was made high-throughput using HepG2 cells in 96-well plates and
by measuring fluorescence with a multiwell spectrofluorometer. The phospholipidosis potential values obtained for the tested compounds from the morphometric
analysis were similar to the values obtained from the spectrofluorometer, suggesting
the plate reader assay was effective at measuring the induction of NBD-PE accumulation. The NBD-PE spectrofluorometer assay was further evaluated by testing
ten additional compounds with and without CAD-like structures. NBD-PE accumulation was only observed with the nine compounds having CAD-like structure
and not observed with the compound that lacked the CAD structure. These data
suggest that the NBD-PE spectrofluorometer assay in HepG2 cells is a rapid, sensitive and quantitative in vitro method for determination of phospholipidogenic potential of various drug candidates and may be useful in rank ordering compounds
for development.

2134

INVOLVEMENT OF TRANS-4-HYDROXY-2-NONENALMODIFIED PROTEINS IN LEC RAT HEPATIC LESIONS

A. Nishikawa1, T. Imazawa1, 2, K. Kanki1, Y. Kuroiwa1 and M. Hirose1.
1
Pathology, National Institute of Health Sciences, Tokyo, Japan and 2National
Institute of Biomedical Innovation, Osaka, Japan.
Long Evans cinnamon (LEC) rats of various ages were ultrastructurally and immunohistochemically investigated in comparison with Long Evans agouti (LEA)
rats, a sibling line of LEC. Male 6 to 105-week-old LEC rats and 6 to 56-week-old
LEA rats were sacrificed to allow sampling of livers. The organs were fixed in
methacarn fixative and then processed for routine histopathology as well as immunohistochemistry for trans-4-hydroxynonenal (HNE)-modified protein. A portion of the liver tissues was also fixed in 2.5% glutaraldehyde for electron microscopic examination. In LEC but not LEA rat livers, HNE-modified protein was
found with diffuse distribution in the cytoplasm of centrilobular hepatocytes almost after the development of hepatitis. Ultrastructurally, HNE-modified protein
was expressed in mitochondria of hepatocytes of 16-week-old LEC rats (before developing hepatitis) and stronger in nuclei than in mitochondria of 24-week-old
LEC rats (just after hepatitis) whereas HNE-modified protein was not demonstrated in LEA rat livers of any ages. Interestingly, in hepatocellular carcinomas
found in LEC rats aged 102 weeks or older, the cytoplasm of most tumor cells was
negative but some nuclei were strongly positive for HNE-modified protein. Our results thus suggest that HNE could be involved in the process of hepatocarcinogenesis in LEC rats.

2135

MODULATION OF BILE ACID EFFLUX IN RAT
HEPATOCYTES:A NOVEL METHOD FOR
QUANTIFICATION OF TRANSPORTER INHIBITION

J. Hopwood, C. Summers, G. Barrett, K. Jones and G. Kenna. Safety Assessment,
AstraZeneca, Cheshire, United Kingdom. Sponsor: F. Pognan.
Drug-induced cholestasis, defined as blockage of bile flow from the liver, is a significant contributor to adverse drug reactions (c.17%). Hepatocellular cholestasis
arises from accumulation of toxic bile acids within hepatocytes and canalicular
spaces and biliary epithelial cell injury. Pre-clinical species are poor models of
human hepatocellular cholestasis. Therefore, the pharmaceutical industry seeks alternative methods to assist in risk assessment in man. Specific bile acid transporters,
including Bsep and Mrp2, mediate the unidirectional transport of bile acids (and
also drugs and metabolites) across the canalicular membrane into the canalicular
space; inhibition of such transporters is speculated to be one mechanism involved
in drug-induced cholestasis. We describe a quantitative in vitro assay to measure inhibition of the canalicular transporters, Bsep and Mrp2. It is difficult to study this
process in conventional monolayer hepatocyte cultures as intact canaliculi do not
form. We therefore exploited rat hepatocyte sandwich cultures which develop extensive canalicular domains and exhibit bile acid efflux. Cultures were treated with
fluorescent bile acid substrates for Bsep and Mrp2 that efflux into the sealed
canalicular spaces. The intensity of fluorescence within the canalicular domains was
analysed using Cellomics Arrayscan technology and a novel algorithm. Known inhibitors of Bsep (Cyclosporin A, Troglitazone) and Mrp2 (β-estradiol-17-D-βglucoronide), decreased efflux of fluorescent substrates in a concentration-dependent
manner whilst salicylic acid (a substrate for hepatic basolateral transport) was without inhibitory effect up to 1mM. The data indicates that fluorescent imaging of rat
hepatocytes cultures, using appropriate substrate probes, can be used to measure inhibition of Bsep, Mrp2 (and potentially other biliary efflux transporters) by drugs
in vitro. Application of these approaches during drug discovery may aid in design
and selection of drugs that exhibit reduced potential to cause liver toxicity in man.
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2136

DIFFERENTIAL COVALENT ADDUCT
BIODISTRIBUTION OF DICLOFENAC AND A
DICLOFENAC SULFURATED ESTER IN RAT LIVER AND
SMALL INTESTINE
M. M. Ong1, A. Sparatore2, P. del Soldato3, P. K. Moore1, M. Treinen-Moslen4
and U. A. Boelsterli1, 5. 1Pharmacology, NUS, Singapore, Singapore, 2University of
Milan, Milan, Italy, 3CTG Pharma, Milan, Italy, 4University of Texas Medical
Branch, Galveston, TX and 5Pharmacy, NUS, Singapore, Singapore.
Background: One of the major adverse effects of nonsteroidal anti-inflammatory
drugs (NSAIDs) is the intestinal ulceration and bleeding that contributes to patient
morbidity and mortality. We have previously demonstrated that diclofenac (which
is metabolized to acyl glucuronides that are transported via Mrp2 into bile) forms
covalent adducts to small intestinal villus proteins. We hypothesized that the carboxylic acid moiety determines whether protein-reactive metabolites of diclofenac
are delivered via the hepatobiliary route to the small intestine where enterocyte adduction is a causal event in intestinal injury. Aim: To compare the pattern of protein
adduct formation between diclofenac and a sulfurated ester derivative of diclofenac
(ACS15) and to determine the extent of small intestinal toxicity. Experimental
Approach: Male Wistar rats were given equimolar doses of diclofenac or ACS15,
and patterns of hepatic and small intestinal adduction were analyzed with an antibody to diclofenac adducts. The number and size of intestinal ulcers was quantitated. Results: Diclofenac adducts were localized at the hepatic canalicular membrane, bile duct epithelium, and the brush border of intestinal villi. In contrast,
adducts formed by ACS15 were localized at the hepatic sinusoidal membrane and
in the lamina propria and crypt stroma of the small intestine. Less small intestinal
ulceration was found after ACS15 treatment. Conclusions: Our results indicate that
the sulfurated ester derivative of diclofenac produced less intestinal injury in association with a shift in the localization of drug adducts away from the canaliculi and
bile ducts and towards a primarily vascular localization. These changes are consistent with our hypothesis that this structural modification would prevent acyl glucuronide formation, biliary secretion and intestinal injury.
(OLS R-184-000-079-712; NIH DK 56494)

2137

INHIBITED TISSUE REPAIR IS THE MECHANISM OF
POTENTIATION OF THIOACETAMIDE-INDUCED
HEPATOTOXICITY IN DIABETIC RATS
S. S. Devi, B. K. Philip and H. M. Mehendale. Toxicology, The University of
Louisiana at Monroe, Monroe, LA.
Previously, we reported that an ordinarily non-lethal dose of thioacetamide (TA,
300 mg/kg) causes 90% mortality in type 1 diabetic (DB) rats due to inhibited liver
tissue repair, whereas 30 mg TA/kg allows 100% survival due to stimulated although delayed tissue repair. The objective was to investigate the lowest dose of TA
that causes 90% mortality in DB rats. This study revealed that TA causes 90% mortality in DB rats with as low as 75 mg/kg (LD90). Time course studies revealed that
DB rats receiving 75 mg TA/kg exhibited severe liver injury (measured by ALT and
AST) and inhibited tissue repair (3H-thymidine incorporation). If stimulated tissue repair is so critical for the survival of the animals, then preplacement of tissue
repair by a low dose of TA (30 mg/kg) should rescue DB rats receiving 75 mg
TA/kg from 90% mortality (autoprotection). To test this hypothesis, DB rats were
treated with 30 mg TA/kg (priming dose) and peak tissue repair was observed at 72
h when these rats were treated with 75 mg TA/kg. Our results show that stimulated
tissue repair by priming dose enabled DB rats receiving lethal dose (75 mg TA/kg)
to augment tissue repair to overcome massive injury, resulting in 100% survival. If
priming dose-induced tissue repair is the mechanism of autoprotection then intervention with colchicines after the priming dose would abolish autoprotection. To
test this hypothesis, DB rats were treated with a priming dose of TA (30 mg/kg) at
0 h, followed by a single dose of colchicine (1 mg/kg) at 66 h and a lethal dose of
TA (75 mg/kg) at 72 h after priming dose. Indeed, antimitotic intervention with
colchicine resulted in abolishment of autoprotection, resulting in 100% mortality.
Detailed molecular mechanisms of autoprotection phenomenon in TA-treated DB
rats were investigated. Autoprotection phenomenon has wide implications in risk
assessment to study the effect of initial exposure of toxicant on the outcome of injury (survival/death) induced by exposure of toxicant at lethal dose.
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INHIBITION OF HEPATOBILIARY TRANSPORT AS A
PREDICTIVE METHOD FOR CLINICAL
HEPATOTOXICITY OF NEFAZODONE
V. Kostrubsky1, S. Strom2, A. Kalgutkar3, S. Kulkarni1, J. Atherton4, R.
Mireles3, R. Kubik1, J. Hanson1, E. Urda1 and A. Mutlib4. 1Safety Sciences,
Pfizer, Ann Arbor, MI, 2Pathology, University of Pittsburgh, Pittsburgh, PA,
3
Metabolism, Pfizer, Groton, CT and 4Metabolism, Pfizer, Ann Arbor, MI. Sponsor:
M. Bleavins.
Treatment with the antidepressant nefazodone has been associated with clinical
idiosyncratic hepatotoxicty which resulted in nefazodone being withdrawn from
the market. Using membranes expressing human bile salt export pump (BSEP),
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human sandwich hepatocytes and intact rats we compared nefazodone and its marketed analogs, buspirone and trazodone. We found that nefazodone caused a strong
inhibition of BSEP (IC50=9 uM), inhibition of taurocholate efflux in human hepatocytes (IC50=14 uM) and a transient increase in rat serum bile acids one hour
after oral drug administration. Buspirone or trazodone had no effect on biliary
transport system. Nefazodone produced time- and concentration-dependent toxicity in human hepatocytes with IC50=18 uM and 30 uM measured by inhibition of
protein synthesis after 6 hr and 24 hr incubation, respectively. Toxicity was correlated with the amount of unmetabolized nefazodone. Partial recovery in toxicity by
24 hr has been associated with metabolism of nefazodone to sulfate and glucuronide conjugates. The saturation of nefazodone metabolism resulted in sustained decrease in protein synthesis and cell death at 50 uM. The toxicity was not
observed with buspirone or trazodone. Addition of 1-aminobenzotriazole, an inhibitor of CYP450, resulted in enhancement of nefazodone toxicity at 10 uM, associated with accumulation of unmetabolized nefazodone. This inhibitor also prevented nefazodone metabolism in human liver microsomes. We suggest that ability
of nefazodone to block bile acid transport results in hepatotoxicity. Our findings are
consistent with the clinical experience and suggest that described methodology can
be applied in the selection of non-hepatotoxic drug candidates.
METHYLENEDIANILINE INJURY TO LIVERS OF TR[LIVER CANALICULAR MRP2 TRANSPORTERDEFICIENT] RATS IS CORRELATED WITH
ALTERATIONS IN LIPID METABOLISM
M. F. Kanz, B. Ramasubramanian, Y. Chen and M. Treinen-Moslen. Pathology,
University of Texas Medical Branch, Galveston, TX.
Background. Methylenedianiline (4,4’-diaminodiphenylmethane, DAPM) is an
industrial chemical used in the production of polyurethanes and epoxy resins. In
rats with normal canalicular transport mechanisms, DAPM primarily injures biliary epithelial cells (BEC). In mutant transport-deficient (TR-) rats which lack the
canalicular multispecific organic anion transporter (cMOAT or MRP2), DAPM injury is shifted from BEC to hepatocytes. In normal rats, DAPM rapidly injures mitochondria of BEC. Thus, we investigated the possibility that DAPM injury in TRrats was related to mitochondrial dysfunction in hepatocytes. Methods. Female TRrats (19-22 wks old) were given 50 mg DAPM/kg po in 35% ethanol and sacrificed
at 16 and 24 h. Liver and blood were removed for analysis; liver mitochondria were
isolated by differential centrifugation. Results. Histopathology. At 16 h, microvesicular fatty change was observed in centrolobular and midzonal regions but only a
few necrotic hepatocytes were seen in centrolobular regions. By 24 h, scattered foci
of necrotic cells had developed in both regions. Serum. At 24 h, serum ALT and bile
salts were increased ~40-fold and 2-fold, respectively while glucose, cholesterol and
triglycerides were decreased ~25%, 50% and 30%, respectively. Liver. At 24 h, liver
GSH and GSSG were decreased ~50% but triglycerides and cholesterol were increased ~5-fold and 2-fold, respectively. Liver ATP was only minimally decreased.
Mitochondria. GSH and GSSG levels were not altered by DAPM treatment.
Activities of citrate synthase and isocitrate dehydrogenase were comparable between
control and treated groups. Conclusion. Results suggest that hepatocellular injury
induced by DAPM in TR- rats occurs via a mechanism which includes impairments
in lipid metabolism. (Supported by NIH grants ES06348; DK56494)

2139

2140

ENVIRONMENTAL FACTORS OUTWEIGH DRUGRESPONSE FACTORS AT EARLY TIME POINTS IN
TOXICOGENOMIC EXPERIMENTS
D. Mulhern1, S. Yokokawa1, Y. Ohshima1, Y. Adachi1, A. Kohara2, T. Suzuki3,
N. Miyata4, S. Ninomiya1 and T. Sudo1. 1ADME/Toxicology Research Institute,
Daiichi Pure Chemicals Co., LTD., Tokaimura, Japan, 2Division of Genetics and
Mutagenesis, National Institute of Health Sciences, Tokyo, Japan, 3Division of
Cellular & Gene Therapy Products, National Institute of Health Sciences, Tokyo,
Japan and 4Division of Organic Chemistry, National Institute of Health Sciences,
Tokyo, Japan. Sponsor: T. Inoue.
The combination of microarray technology and the use of human hepatocytes for
the in vitro prediction of drug toxicity promises to expedite drug discovery while at
the same time delivering safer drugs to patients. To explore the suitability of cryopreserved human hepatocytes for toxicogenomic studies we treated hepatocytes from
three donors with a range of model compounds and monitored their gene expression profiles using microarray. Plated hepatocytes were treated with acetaminophen, chlorpromazine, diclofenac, gemfibrozil, isoniazid, nitrosodimethylamine,
phenobarbital, tetracycline and DMSO vehicle control. Total RNA was isolated
after 1, 4 and 24 h and used to synthesize biotin-labelled cRNA. Labelled cRNA
from the three donors was pooled and hybridized to an Affymetrix HG U133A
GeneChip. Two replicates for each compound at each time point were performed.
Differential expression analysis of the data across all treatments yielded significantly
altered gene sets for the three time points studied. Principal component analysis
and hierarchical clustering show that after 1 h, samples cluster according to experimental group rather than chemical treatment. Later time points suggest no group

dependency as replicate samples cluster together. These results indicate that environmental differences between experimental groups are the prominent cause of
gene expression differences at early time points in in vitro microarray studies.
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THE USE OF RAT LIVER SLICES IN COMPOUND
SELECTION
A. Reising1, R. Bruno1, E. Cruz1, A. Garami2, S. Mangialaio2, A. Wolf2 and K.
Rose1. 1Biomarker Development, Novartis Pharmaceuticals, East Hanover, NJ and
2
Novartis Pharma AG, Basel, Switzerland.
Background: C25H20F3NO2S (CMP-A) and C29H35F3N2O3 (CMP-B)are
similar compounds with the potential to be developed at Novartis Pharmaceuticals.
In rat and monkey pre-clinical studies CMP-A caused hepatocellular hypertrophy,
genomic signs of Cyp1A1 induction and hepatic stellate cell (HSC) activation. The
purpose of this study was to use rat liver slices to differentiate between these compounds with respect to HSC activation and xenobiotic metabolism gene indicators.
Model: Liver slices are an in-vitro model which has the multicellular complexity
and the extra-cellular interaction and composition of an intact liver. Induction of
markers of HSC activation and fibrosis has been shown in slices cultured to 96
hours, as indicated by up-regulation of collagen 1A1, smooth muscle actin (SMA),
and desmin gene expression.
Study design: Rat liver cores were sliced to a thickness of 200±20µm with a
Brendel/Vitron tissue slicer. 30 slices per dose were treated with 10, 50 or 100µM
of CMP-A or CMP-B and cultured for 14, 24 and 48 hours. Gene expression of
Cyp1A1 and Cyp26, and HSC activation markers Reelin, and GFAP were determined by RT-PCR.
Results: Gene expression markers of liver toxicity and HSC activation were differentially effected by the two compounds. RT-PCR showed inductions of Cyp1A1
gene by CMP-A (100µM) at 24 and 48 hours (10, 50 and 100µM) and Cyp26
gene (≥50µM) at 48 hours. GFAP expression was repressed at 100µM CMP-A at
24 hours and at all CMP-A doses and 100µM CMP-B at 48 hours. Reelin gene expression was repressed at 48 hours at doses of CMP-A>50µM.
Conclusions: In this study we saw a differential effect on genomic markers of HSC
activation in rat liver slices treated with CMP-A compared to CMP-B. CMP-A induces a greater induction of Cyp1a1 and Cyp26 expression than CMP-B and
caused a greater down-regulation of the HSC markers, reelin and GFAP. These
findings were cross-validated by genomics in 2 week in-vivo rat studies. This study
demonstrates that the use of liver slices has a predictive value during the candidate
selection process.
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INTEGRATED OMIC ANALYSIS OF HEPATIC TUMOR
PROMOTERS EFFECTS IN RAT LIVER
A. Naito1, L. Schnackenberg1, R. Holland1, L. Muskhelishvili2, D. Morris3, R.
Baillie3, S. Dial1, C. Melvin1, J. Fuscoe1, H. Fang1, W. Tong1, R. Beger1, R.
Edmondson1 and Y. Dragan1. 1Division of systems Toxicology, NCTR, Jefferson, AR,
2
Toxicologic Pathology Associates, NCTR, Jefferson, AR and 3Lipomics Technologies,
Inc., West Sacramento, CA.
Gene expression analysis was used to develop markers of hepatocarcinogenesis associated with tumor promoters in a rat liver cancer model. Female Fischer F344 rats
were dosed with Phenobarbital (500 mg/kg diet), mestranol (0.2 mg/kg diet), or tamoxifen (250 and 500 mg/kg diet) admixed into a basal AIN-76A diet for 6
months prior to sacrifice. Microarray analysis was performed on RNA isolated from
livers of these rats and altered gene expressed was determined at the p<0.05 and 2
fold level. These three agents altered different sets of genes. Phenobarbital resulted
in the increased expression of drug metabolizing enzymes. Microarray analysis indicated a perturbation of lipid metabolism by tamoxifen that was verified by NMR
based metabolomic analysis of organic liver extracts. Interestingly, the gene phosphatidylethanolamine N-Methyltransferase (PEMT) was downregulated in livers
from tamoxifen-treated rats as determined by microarray analysis and confirmed by
real time PCR analysis of total liver. Further metabolomic analysis in house and by
Lipomics confirmed a decrease in liver choline and phosphocholine with a concomitant increase in phosphatidyl ethanolamine and phosphatidyl serine.
Tamoxifen but not mestranol or Phenobarbital decreased PEMT. Since PEMT is responsible for the conversion of PE to PC, the increase in PE and decrease in choline
detected by metabolomic analysis coupled with the known role of choline deficiency and PEMT in liver carcinogenesis in the rodent suggest that decrease in this
enzyme may contribute to tamoxifen induced liver tumor development in the rat.
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IN SILICO EVALUATION OF HEPATOTOXICITY USING
DEREK FOR WINDOWS
R. R. Note1, M. L. Patel1, C. A. Marchant1 and N. Greene2. 1Lhasa Limited,
Leeds, United Kingdom and 2Safety Sciences - Groton, Pfizer Global Research &
Development, Groton, CT.
Hepatotoxicity is a major cause of compound attrition within the pharmaceutical
industry. Clinical findings include asymptomatic elevations in hepatic enzymes and
acute or chronic hepatocellular, cholestatic or mixed injuries. The toxic effects can

be intrinsic or idiosyncratic and occur via interaction between the drug or its reactive metabolites and cellular components. In silico systems such as Derek for
Windows (DfW) may provide one means by which potential hepatotoxicity concerns can be identified early in the drug development process. DfW is a knowledgebased expert system and its toxicity assessments are based in part on alerts, chemical
features determined to be associated with toxicity. In order to investigate the suitability of this expert system for the in silico evaluation of hepatotoxicity, human
case reports and animal study data have been collated and used in conjunction with
mechanistic evidence to derive thirteen new alerts for hepatotoxicity to date.
Examples of chemical classes identified include tetracyclines, thiophenes and phenothiazines. Tetracyclines are intrinsic hepatotoxins that have been associated with
microvesicular steatosis both in humans and animals. The effect is dose-related and
results from the inherent ability of tetracyclines to induce mitochondrial injury, a
key lesion in the pathogenesis. In contrast, thiophenes and phenothiazines are idiosyncratic hepatotoxins. The injuries range from mild elevations in liver enzymes to
acute and autoimmune hepatitis with the former and cholestatic hepatitis with the
latter. Experimental data have provided evidence for the causative role of reactive
metabolites in thiophene-induced hepatotoxicity whereas with phenothiazines the
parent compound is presumed to be responsible. The results of this work demonstrate that this approach can be used to identify and capture structure-activity relationship (SAR) knowledge suitable for the in silico evaluation of hepatotoxicity, irrespective of the classification and complexity of the toxic event.
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CHARACTERIZATION OF A THREE-DIMENSIONAL
HUMAN LIVER BIOREACTOR

M. A. Christie1, K. M. Young1, J. W. Ludlow1, S. O. Sherwood1, M. B.
Johnston1, G. L. Kedderis1, N. G. Hentz1, C. M. Seagle2, J. H. Winnike2 and J.
M. Macdonald2. 1Admet Technologies, Durham, NC and 2Biomedical Engineering,
University of North Carolina, Chapel Hill, NC.
A dynamic, three-dimensional, multicoaxial bioreactor (MCB) containing human
liver cells has been developed as a tool for metabolism, drug interaction, and toxicity studies. The MCB mimics the liver in dimension and structure and has efficient
mass transfer of nutrients since the diffusion distance, or the farthest distance a cell
can be from a nutrient source, is controlled. The MCB is comprised of three biocompatible materials that separate two media compartments, a gas, and a cell compartment. The MCB was inoculated with freshly isolated, human liver cells suspended in a 50:50 mixture of collagen type I and Matrigelâ. Key metabolic
processes such as urea and albumin biosyntheses were monitored by high-resolution
NMR spectroscopy and chemical analysis throughout the 31-day experiment.
Lactate dehydrogenase and alanine aminotransferase levels were measured as indicators of cell viability. The cells in the MCB continuously produced urea throughout the experiment, unlike liver cells in monolayer culture. Labeled glutamine from
the media was rapidly taken up by the cells throughout the experiment, showing
that the cells remained metabolically active. CYP3A4 activity was induced with rifampicin in the MCB with a significantly higher fold increase than observed in liver
cells in monolayer culture. Confocal microscopy revealed that the cells had reorganized themselves within the bioreactor forming a three-dimensional matrix, suggesting the formation of functional units within the bioreactor. The MCB was
shown to be metabolically functional for at least 31 days, thus allowing long-term
studies to be performed. The MCB has the potential for use in mechanistic and
predictive studies of xenobiotic metabolism and toxicity as well as drug-drug interactions in human liver cells that could not be done using traditional two-dimensional cell culture.
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OVEREXPRESSION OF CALPASTATIN IN
HEPATOCYTES PROLIFERATING IN CULTURE MAKES
THEM RESILIENT TO CALPAIN-MEDIATED INJURY

V. S. Bhave, S. Donthamsetty and H. M. Mehendale. Toxicology, University of
Louisiana at Monroe, Monroe, LA.
Work with three different in vivo models viz. 70% partial hepatectomy in rats,
compensatory tissue repair model (2 ml/kg CCl4, male SD rats), and post-natal
liver development (20 day old rats), revealed that overexpression of calpastatin
(CAST) due to ongoing cell division makes them resilient against calpain-mediated
cell death and progression of injury (Limaye et al., The Toxicologist, 84: 16, 2005).
In order to test the same hypothesis in vitro, an in vitro system of hepatocytes proliferating in culture under the influence of hepatocyte growth factor and epidermal
growth factor using the hepatocyte growth medium defined by Block et al., (1996)
was used. Cells harvested on day 6 overexpressed CAST as measured by real time
RTPCR and western blot analysis. These cells overexpressing CAST were then incubated with 20 U/ml of calpain and cell injury pattern was studied at two different time points. These cells exhibit a significantly lower cell injury and cell death as
assessed by LDH leakage and MTT assay. To identify the specific phase of cell cycle
during which calpastatin is overexpressed, the hepatocyte culture was incubated
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with growth factors for 2 h. Cells were harvested at 2, 4, 8, and 18 h and the CAST
mRNA levels were measured. There was a two and three fold increase in mRNA
levels of CAST at 4 and 8 h, respectively, post 2h incubation with growth factors.
Cells incubated with and without growth factors were also fixed with formalin for
PCNA, H & E, and immunocytochemical staining of CAST in these cells (work
pending). These findings suggest that newly dividing/divided cells are resilient to
calpain-mediated injury due to overexpression of survival factors such as calpastatin, an endogenous inhibitor of calpain.

2146

NONALCOHOLIC STEATOHEPATITIS (NASH):
MECHANISMS OF HEPATOTOXIC SENSITIVITY

S. Donthamsetty1, V. Bhave1, M. Mitra1, J. Latendresse2 and H. Mehendale1.
1
university of louisiana, monroe, LA and 2NCTR, jefferson, AR.
The objectives were to test whether NASH sensitizes liver to drug/toxicant-induced
liver injury and to investigate the potential mechanisms of hepatotoxic sensitivity in
NASH to drug/toxicant-initiated liver injury. Male SD rats were fed methionine
and choline deficient diet for 28 days to induce steatosis. On 29th day, administration of a non lethal dose of CCl4 (2 ml/kg, ip) yielded 90% mortality in steatotic
rats between 24 to 48 h after CCl4 treatment, while all non steatotic rats survived.
CCl4-initiated liver injury in steatotic rats did not differ from that of normal rats
until 12 h suggesting that altered bioactivation is unlikely to be the cause of amplified CCl4 hepatotoxicity. Moreover, covalent binding of 14CCl4 derived radiolabel
and CYP2E1 levels did not differ between the groups. Nonetheless, liver injury escalated progressively only in steatotic liver between 24 and 48 h as assessed by H&E
and plasma ALT and AST. Cell division and liver regenerative capacity as assessed
by 3H-thymidine incorporation and PCNA were inhibited in the steatotic rat livers
after CCl4 administration. The hypothesis that fatty hepatocytes undergo cell cycle
arrest due to either a) inability to replenish ATP due to overexpressed mitochondrial uncoupling protein-2 (UCP-2), or b) induction of TGF β1 and inhibition of
Fox m1b transcription factor leading to upregulation of growth inhibitor p21, was
tested. Western blot analysis revealed overexpression of TGF β1 and downregulation of Fox m1b that led to upregulation of p21 in steatotic livers. Furthermore,
steatotic livers showed 10 fold lower levels of ATP due to upregulated UCP-2
throughout the time course leading to inhibited cell division response. Thus, fatty
hepatocytes cannot divide and become susceptible to progressive expansion of liver
injury. These results suggest that failure to replenish ATP stores due to overexpression of UCP-2 and downregulated Fox m1b transcription factor impede the clearance of fatty hepatocytes through G1 phase leading to inhibited and impaired cell
division response.
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ALTERED BILIARY CLEARANCE OF THYROXINE (T4)
AND T4-GLUCURONIDE (T4-G) IN MRP2-DEFICIENT
RATS: EFFECTS OF PHENOBARBITAL (PB) AND DPC904

L. W. LeCureux1, M. Z. Dieter2, H. Wong3, B. Gemzik1, B. D. Car1, C. D.
Klaassen2 and L. D. Lehman-McKeeman1. 1Bristol Myers Squibb, Princeton, NJ,
2
University of Kansas Medical Center, Kansas City, KS and 3Genentech, South San
Francisco, CA.
PB and DPC-904, a substituted pyrazolopyrimidine, decrease serum T4 levels in
rats by increasing the biliary clearance of T4-G or T4-G and unconjugated T4, respectively. Multidrug resistance-associated protein 2 (Mrp2) is a canalicular membrane transporter that exports glucuronide conjugates into bile. The purpose of this
work was to determine whether Mrp2-deficient TR(-) rats are susceptible to
changes in serum T4 levels and to evaluate the biliary excretion of T4 and T4-G in
TR(-) rats. Wistar (wildtype) and TR(-) rats were dosed with PB (100 mg/kg) or
DPC-904 (200 mg/kg). After 4 days of dosing, serum T4 levels were decreased in
PB- and DPC-904-treated Wistar rats to 35 and 10% of control levels, respectively.
In TR(-) rats, PB and DPC-904 decreased serum T4 levels to a lesser extent than in
Wistar rats (75 and 40% of controls, respectively). The biliary clearance of
[125I]T4-G in vehicle-treated TR(-) rats was markedly reduced to 0.008 ml/hr relative to a rate of 0.46 ml/hr in Wistar rats. Biliary clearance of T4 in vehicle-treated
TR(-) rats was 35% of that observed in Wistar rats, whereas the clearance of sulfate
conjugates was unchanged. PB and DPC-904 increased the biliary clearance of T4G in Wistar rats, but neither treatment affected biliary clearance of T4-G in TR(-)
rats. DPC-904 also increased biliary clearance of unconjugated T4 to 24- and 6times control levels in Wistar and TR(-) rats, respectively. PB increased hepatic
mRNA levels of MRP3 in Wistar and TR(-) rats, whereas DPC-904 increased numerous transporters including OATP2, MRD1A and MRP3. These results indicate
that: (1) PB and DPC-904 decrease T4 levels in TR(-) rats; (2) Mrp2 is responsible
for the biliary excretion of T4-G and contributes in part to biliary excretion of T4;
and (3) additional transporters, such as MRP3 or MDR1A, may contribute to altered T4 disposition after drug treatment.
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HYPOXIA POTENTIATES HEPATOCELLULAR KILLING
BY NEUTROPHIL MEDIATORS IN VITRO

P. J. Shaw1, 2, 3, J. P. Luyendyk1, 2, 3, P. E. Ganey1, 2, 3 and R. A. Roth1, 2, 3.
1
Pharmacology & Toxicology, Michigan State University, East Lansing, MI, 2National
Food Safety & Toxicology Center, Michigan State University, East Lansing, MI and
3
Center for Integrative Toxicology, Michigan State University, East Lansing, MI.
Tissue hypoxia is likely to exist under inflammatory conditions in which neutrophils are recruited into parenchyma and activated to cause injury. Whether hypoxia can increase sensitivity of target cells to injury from toxic factors released during neutrophil activation is unclear. To evaluate this, primary hepatocytes were
isolated from livers of rats by collagenase digestion. The cells were treated with one
of several neutrophil-derived factors and placed in oxygen-replete (20% O2) or hypoxic (5% O2) conditions for 8 hours. In oxygen-replete medium, neutrophil elastase caused release of alanine aminotransferase (ALT) from hepatocytes in a concentration-dependent manner. Hypoxia by itself did not kill hepatocytes during
this time, but it shifted the concentration-response curve for elastase to the left, indicating enhanced sensitivity to elastase-mediated killing. Hepatocellular killing
was also accelerated under hypoxic conditions: significant cell death occurred after
2 hours of elastase exposure in hypoxia, whereas none occurred at this exposure
time in an oxygen-replete atmosphere. Killing of hepatocytes by cathepsin G was
also greater in hypoxia compared to oxygen-replete conditions. In contrast, hypoxia
did not potentiate hydrogen peroxide-mediated cell death. These results raise the
possibility that sensitization of hepatic parenchymal cells to neutrophil mediators
by hypoxia contributes to inflammation-mediated tissue injury.

2149

PREDICTION OF METABOLIC CLEARANCE OF
BISPHENOL A USING CRYOPRESERVED HUMAN
HEPATOCYTES

R. Kuester and G. Sipes. Pharmacology, The University of Arizona, Tucson, AZ.
Bisphenol A is rapidly converted to BPA-monoglucuronides in vivo and in vitro.
This study compared the intrinsic clearance (CLint=Vmax/Km X 22 gram per Kg
body weight X 120 million cells/gram) of BPA in cryopreserved human hepatocytes
(HC). These values were then scaled to predict the total hepatic metabolic
Clearance (CLmet = CLint X 20 ml/min) / (CLint + 20 ml/min) and compared to
human hepatic blood flow (20 ml/min/kg). Cryopreserved hepatocytes (125,000
/0.5 ml) incubated for 10 min as suspensions with 14C- BPA (1.3-52 µM) produced BPA-glucuronide as the predominate metabolite (as determined by HPLC).
The reaction demonstrated Michaelis-Menten kinetics. The effects of addition of
exogenous UDPGA on BPA-glucuronidation by HC were also evaluated. Without
exogenous UDPGA the mean CLint for male human HC was 126±63 ml/min/kg
(range 50-232) and for female HC this mean was 149±72 ml/min/kg (range 69317). Exogenous UDPGA (50 µM) increased CLint of BPA in both male and female HC, primarily as a result of an increase in Vmax. The Km was unchanged in
male HC, and marginally increased in female HC as a result of exogenous
UDPGA. When CLint was scaled to account for hepatic blood flow the estimated
CLmet values were 16.9 and 17.3 ml/min/Kg for male and female HC, respectively. In the presence of UDPGA these values were 18.7 and 17.6 ml/min/Kg. The
differences in glucuronidation rates observed in vitro (Vmax/Km) upon addition of
UDPGA were minimized when values were scaled to account for the total metabolic capacity of the liver. These estimated CLmet values represent 85% to 90% of
hepatic blood flow which explain the very low levels of free BPA observed in the
blood of human volunteers who ingested BPA (5 mg/person). Thus, hepatic glucuronidation (as well as significant glucuronidation by the intestinal mucosa) is an
efficient “first pass” mechanism which greatly reduces systemic exposure to BPA ingested orally. This research was supported in part by the American Plastics Council
and Southwest Environmental Health Science Center (ES 06694)
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INVESTIGATION OF BIOLOGICAL MEDIATORS
DERIVED FROM ACTIVATED RAT LIVER CELL
MIXTURE USING MOLECULAR APPROACHES

R. Hu, S. Taylor, D. Wen, S. Patterson, M. Davis, M. Hayashi, M. Damore,
P. McDonagh and C. Afshari. Amgen Inc., Thousand Oaks, CA.
Lipopolysaccharides (LPS) are gastrointestinally derived endotoxins found on the
gram-negative bacterial cell wall. The liver plays an important role not only in clearing LPS, but also in the response to LPS. LPS has been shown to be involved in
liver injury and diseases. We wanted to determine the secreted proteins and genes
that are modulated by LPS in a mixed cell system isolated from rat liver perfusion
in order to better define components for developing in vitro models of this response
for multiple species. Multiplex cytokine analysis was conducted using the Luminex
technology on condition media collected from the mixed liver cells following noncytotoxic LPS treatment. Microarray analysis was performed on RNA isolated from
the treated, mixed cells. A total of fourteen cytokines and chemokines were tested

in the Luminex assay. Nine cytokines were found to be up regulated in the LPStreated media compared to the non-LPS treatment control. Seven of those nine cytokines were also transcriptionally modulated as indicated by microarray analysis.
The microarray results also showed a large number of genes that are putative secreted proteins, as matched against annotation derived from an internal Amgen secreted protein database, that were modulated. Many of these represent novel proteins not previously associated with an LPS response. Current studies are underway
to confirm the induction of some of these proteins and to determine kinetic relationships that lead to their induction. Generally, these data indicate that there are a
large number of factors that contribute to the LPS induced response in the liver and
that recombinant approaches to create defined medium components to mimic this
in vitro may not be feasible.

2151

ERBB2 PROTEIN IS INCREASED IN DOXORUBICIN
CARDIAC TOXICITY

K. L. Gabrielson, N. Muratore, S. Pin, L. Wachtman and D. Bedja. Comparative
Medicine, Johns Hopkins University, Baltimore, MD.
Introduction: Anti-erbB2 (Herceptin) potentiates doxorubicin cardiac toxicity, restricting the combined use of these drugs in cancer patients. We therefore hypothesized that the erbB2/ AKT signaling pathway is important for protecting the heart
from doxorubicin toxicity. Methods/Results: Female Sprague Dawley rats were randomized to three groups, six or three weekly intra-jugular injections of doxorubicin
(2.5mg/kg) (n=20) or saline (n=6) and underwent serial echocardiography. Predosing through week 7, 2-D fractional shortening (FS) was similar in all groups. At
week 10, the FS was significantly reduced to 39.1+ 2% in the 6 dose doxorubicin
therapy group, 71 ±1% in the 3 injection group and 72+ 4 % in the saline group.
Rats were euthanized at week 10 and left ventricle sections frozen. ErbB2 and
downstream proteins in this pathway in the heart were analyzed by immunoblot
normalized by beta actin. ErbB2 was increased 5 fold in doxorubicin (6 doses) and
2 fold in (3doses) groups versus controls. Doxorubicin treatment (6 doses) also induced a 4 fold increase in pAKT, 3 fold in pp70S6kinase and 3 fold in pGSK3β
suggesting that this pathway may be activated in doxorubicin toxicity. ErbB2 total
mRNA was not significantly increased in the heart by RT-PCR or oligonucleotide
microarray analysis suggesting erbB2 is post-transcriptionally regulated.
Conclusion: Our experiments represent the first demonstration of cardiac erbB2
levels responding to a specific stress situation. The increase in erbB2 after doxorubicin treatment could be an important mechanism for protecting the heart, explaining why pharmacological inhibition of the erbB2 pathway potentiates doxorubicin toxicity. The status of pErbB2 and the cellular location of erbB2 will be
helpful to determine the physiological relevance of these findings.

2152

COPPER SUPPLEMENTATION INHIBITS AORTIC
BANDING-INDUCED HEART HYPERTROPHY IN A
MOUSE MODEL

C. L. Reynolds1, Y. Jiang2, W. Rodriguez1, K. Merten2, X. Sun2 and Y. Kang3, 2,
1 1
. Physiology/Biophysics, University of Louisville, Louisville, KY,
2
Pharmacology/Toxicology, University of Louisville, Louisville, KY and 3Medicine,
University of Louisville, Louisville, KY.
Previous studies have shown that dietary copper deficiency causes heart hypertrophy that quickly develops to heart failure in rodent models. The present study was
undertaken to test the hypothesis that dietary copper levels affect the outcome of
pressure overload-induced heart hypertrophy. Male adult C57/BL6 mice (8-10-wk
old) subjected to ascending aortic constriction (AAC) were fed purified AIN-93
diet containing 6 mg/kg or 20 mg/kg Cu along with sham-operated controls fed
the same diets containing differential levels of Cu. Four wks after the AAC surgery,
mice fed the diet containing 6 mg/kg Cu developed hypertrophy as determined by
heart weight to body weight ratio, cardiomyocyte morphological changes, and molecular markers. Echocardiography monitoring showed decreased cardiac output,
fractional shortening, and ejection fraction as well as increased aortic diameter.
However, the AAC mice fed the diet containing 20 mg/kg Cu showed significant
inhibition of heart hypertrophy and functional abnormality. The sham controls fed
either 6 or 20 mg/kg Cu diet did not show cardiac morphological or functional abnormality. Calcineurin activity was significantly elevated in the heart of AAC mice
fed 6 mg/kg Cu diet, but this elevation was greatly depressed in the heart of AAC
mice fed 20 mg/kg Cu diet. The result thus demonstrates that dietary Cu levels significantly affect AAC-induced heart hypertrophy, which is a mouse model mimicking human aortic stenosis with the development of pressure overload-induced left
ventricular hypertrophy. It also suggests that Cu supplementation to the human
population at high risk of developing heart hypertrophy from aortic stenosis would
be beneficial. (Supported in part by NIH grants HL63760 and HL59225).

2153

A STUDY INVESTIGATING SERUM TROPONIN LEVELS
IN ISOPROTERENOL-INDUCED CARDIOMYOCYTE
INJURY
S. Brady1, M. York2, C. Scudamore3, S. Jamalfar1, I. Roman2, C. Stamp2, A.
Swain2, T. Williams2, W. Griffiths1 and J. Turton1. 1School of Pharmacy, London,
United Kingdom, 2GlaxoSmithKline, Ware, Hertfordshire, United Kingdom and
3
Covance Laboratories LTD., Harrogate, North Yorkshire, United Kingdom. Sponsor:
J. Ferguson.
Isoproterenol (ISO) is a synthetic catecholamine causing inotropic and
chronotropic effects through non-selective β-adrenoceptor activation. However,
high doses of ISO may induce toxic effects on the heart, including cardiomyocyte
death. Administration of ISO at high doses in the rat causes severe cardiac necrosis.
The aim of the present study was to assess the cardiotoxicity of ISO and identify a
threshold dose causing an elevation in serum levels of cardiac troponin I (cTnI) (a
new marker of cardiomyocyte injury), and to evaluate the usefulness of cTnI measurement in the diagnosis of cardiac injury compared with more established serum
enzyme markers, such as lactate dehydrogenase (LD) and creatine kinase (CK).
Female Han Wistar rats (mean weight 151 g, Harlan) were administered a single intraperitoneal (IP) injection of ISO at dose levels of 0 (vehicle control), 0.001,
0.005, 0.01, 0.05, 0.1, 0.5, 1.0, 5.0, 10.0 and 25.0 mg/kg. Animals (n=5/group)
were killed 2 and 24 h post dosing, and blood taken for serum clinical chemistry
and hearts for histopathology.
In general, ISO increased mean cTnI concentrations in a dose-related manner, but
this response was not always consistent. At the 2h time point, group mean cTnI levels were raised significantly above baseline controls (<0.03 µg/L) at all doses at and
above 0.01 mg/kg. These rises paralleled histopathological changes at 24h.
Significant increases in levels of LD and CK were seen at 10.0 and 25.0 mg/kg, also
suggesting cardiomyocyte damage. However, the data indicates the relative insensitivity of these markers in comparison to measurement of cTnI.
In conclusion, when ISO was administered as a single IP injection at doses of 0.01
mg/kg and above, increases in serum cTnI levels were observed. Measurement of
total CK and LD activities were shown to be relatively insensitive in comparison to
cTnI determination. These patterns of response are indicative of ISO-induced
acute cardiomyocyte injury.

2154

THE EFFECT OF CGP12177 ON THE
CARDIOVASCULAR SYSTEM IN NON-HUMAN
PRIMATES, AS NEW CONCEPT OF β3ADRENOCEPTOR
Y. Torikai, H. Magotani, A. Suzuki, T. Shigeyama, H. Yonamine, M. Hijioka,
K. Kuwano, K. Fukuzaki, R. Nagata and G. Kito. Drug Safety Research
Laboratories, Shin Nippon Biomedical Laboratories, Ltd (SNBL), kagoshima, Japan.
Background and Purpose: It has been reported that stimulation of β3-adrenoceptors (AR) in human cardiac muscle produces a negative effect through nitric oxide
(NO) synthase activation. The physiological and pathophysiological roles of cardiac
β3-AR are controversial. The purpose of the present study is to investigate whether
β3-AR regulates cardiovascular function by increasing the production of NO in
cynomolgus monkeys.
Methods: Male cynomolgus monkeys were used in this study. Blood pressure was
measured from the cannulated femoral artery with a pressure transducer, and heart
rate was measured using an arterial pulse-triggered cardiotachometer, under sodium
pentobarbital anesthesia. Left ventricular (LV) pressure was measured from cannulated carotid artery with a Millar pressure catheter. Left ventricular volume was
measured using real-time three-dimensional echocardiography, under inhalation
anesthesia. CGP12177 was selected as a β3-AR agonist. L-NAME was selected as a
NO synthase inhibitor.
Results: CGP12177 (0.3 mg/kg, i.v.) induced decreases in blood pressure, peripheral vascular resistance (PVR), heart rate, LV dp/dt, ejection fraction (EF) and cardiac output (CO). L-NAME (0.123 mg/kg/h, i.v. infusion) alone induced an increase in blood pressure and decrease in heart rate. Pre-treatment with L-NAME
inhibited the changes in blood pressure and heart rate induced by CGP12177
alone, and sustained increases in PVR, CO, heart rate and EF were noted.
Conclusion: These results demonstrate that stimulation of β3-AR may induce hypotensive, bradycardiac and negative inotropic effects through increased formation
of nitric oxide in cynomolgus monkeys.

2155

NUCLEOSIDE REVERSE TRANSCRIPTASE INHIBITORS
(NRTI) INHIBIT CAMP-DEPENDANT
PHOSPHOREGULATION OF COMPLEX I IN RAT
HEART
K. C. Lund and K. B. Wallace. Biochemistry and Molecular Biology, Toxicology
Graduate Program, University of Minnesota Medical School, Duluth, MN.
The potential pathways for nucleoside reverse transcriptase inhibitor (NRTI) mediated mitochondrial dysfunction are conceptually vast considering their structural
mimicry of widely employed nucleic acids. While the fidelity of the mitochondrial

SOT 2006 ANNUAL MEETING

441

DNA transcription and replication machinery has received the majority of focus in
this regard, there also exist numerous other nucleic acid utilizing pathways in mitochondria which may be targeted for direct and immediate interruption by NRTI
therapy. Previous studies have demonstrated direct alterations of mitochondrial
complex I activity in the presence of NRTIs, suggesting that NRTIs alter the electron flow through this complex. NRTIs have also been implicated in the inhibition
of various endogenous kinases. These data, combined with the emerging view that
complex I activity is modulated by phosphorylation events, suggest the focus of this
study which was to explore the potential of NRTIs to affect complex I by way of its
regulatory kinases (namely cAMP dependant protein kinase A). Crude clarified tissue homogenate from naïve rat hearts was exposed to various concentrations of
ATP (0.5 – 10 mM), AZT or ddI (1 - 500 µM), with or without 8-Bromo-cAMP
(8BrcAMP, 10 µM) followed by the spectrophotometric measurement of
NADH:CoQ0 oxidoreductase activity. ATP caused a concentration dependent inhibition of complex I activity which was not affected by AZT (100 µM). Inclusion
of 8BrcAMP restored complex I activity but not in the presence of AZT (excluding
100 µM) or ddI. These results suggest NRTIs inhibit cAMP dependent phosphorylation of complex I, and may be capable of shifting the overall state of the complex I pool towards the low-active state in the presence of ATP. This shift could be
debilitating in adrenergically regulated tissues such as the heart; additionally, these
disruptions in bioenergetic regulation could initiate or aggravate NRTIs effects on
mtDNA. (Supported by HL-72715)

2156

METALLOTHIONEIN PREVENTS ANGIOTENSININDUCED CARDIAC CELL DEATH THROUGH
SUPPRESSION OF NADPH OXIDASE ACTIVATION

G. Zhou, Y. Kang and L. Cai. University of Louisville, Louisville, KY.
METALLOTHIONEIN PREVENTS ANGIOTENSIN-INDUCED CARDIAC CELL DEATH THROUGH SUPPRESSION OF NADPH OXIDASE
ACTIVATION
G. Zhou, Y. J. Kang and L. Cai, Medicine, University of Louisville, Louisville, KY
We have shown that cardiac-specific metallothionein (MT)-overexpressing transgenic (MT-TG) mice were highly resistant to diabetes-induced cardiac cell death,
leading to a prevention of the development of diabetic cardiomyopathy. To investigate the mechanisms by which MT protects cardiac cell death from diabetes, the
present study was to test whether MT protects cardiomyocytes from angiotensin II
(AngII)-induced cell death. Primary cultures of neonatal cardiomyocytes from MTTG and wild-type (WT) mice were exposed to 10 nM AngII for 24 hr. This treatment induced approximately 50% cell death in WT cardiomyocytes, but not in
MT-TG cardiomyocytes, measured by DNA fragmentation ELISA assay.
Furthermore, AngII-induced cell death was completely attenuated by incubation
with either peroxynitrite scavenger (Urate), superoxide mimic (MnTMPyP) or
NADPH oxidase (NOX) inhibitor (Apocynin) for 24 hours in the AngII-treated
WT cardiomyocytes. To test whether MT affects NOX activation, we examined
NOX isoform p47-phox protein expression using Western blot. Treatment with
AngII for 12 hr significantly up-regulated p47-phox protein expression in the
membrane proteins of WT cardiomyocytes but not MT-TG cardiomyocytes. These
results suggest that AngII induces cardiomyocyte apoptosis through activation of
NOX and subsequently generation of superoxide and peroxynitrite. MT prevents
AngII-induced cardiac cell death mainly through inhibition of NOX activation
(Supported, in part, by ADA and Philip Morris grants).

2157

UPREGULATED STAT3, HIGHER CATALASE, AND
ENERGY LEVELS PROTECT DIET-RESTRICTED RATS
FROM DOXORUBICIN-INDUCED CARDIOTOXICITY

M. S. Mitra1, S. Donthamsetty1, J. R. Latendresse2 and H. M. Mehendale1.
1
University of Louisiana at Monroe, Monroe, LA and 2NCTR, Jefferson, AR.
The clinical use of doxorubicin (Adriamycin®), a broad-spectrum antitumor agent,
is limited by its oxyradical-mediated cardio- and nephrotoxicity. Although a
plethora of beneficial health effects of moderate diet restriction (DR) are known,
the benefits of DR against drug-induced cardiotoxicity have been only sparsely investigated. The objective was to test the hypothesis that moderate DR protects
against doxorubicin-induced cardio- and nephrotoxicity by decreased oxidative
stress and increased cardioprotective mechanisms. Male Sprague-Dawley rats (250275 g) were maintained on DR [35% less than ad libitum (AL) food consumption,
42 days] and challenged with a normally LD100 dose of doxorubicin (DOX, 12
mg/kg, ip, in saline) on day 43. While all AL fed rats died between 7 to 13 days, all
the DR rats survived the DOX administration. Estimation of serum creatine kinase-MB, lactate dehydrogenase, and aspartate transaminase revealed high cardiotoxicity during the 12 day time course, exhibiting a biphasic response with peaks
on 2nd and 12th day in AL fed rats. In stark contrast, the DR rats were completely
devoid of any cardiotoxicity. Cardiac tissue malondialdehyde production was significantly higher in the AL rats from day 2 to 12, while no increase was observed in
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the DR rats. Cytochrome c reductase activity was unchanged till day 1, suggesting
no alteration in DOX redox cycling. Cardiac tissue catalase activity, ATP, and the
cardioprotective STAT3 were higher in the DR group at all time points.
Nephrotoxicity, as assessed by blood urea nitrogen, was elevated ~4-fold in the AL
rats from day 4 to 12. In contrast, DR rats exhibited 55% lower renal dysfunction
and fully recovered by day 10. Estimation of cardiac and renal antioxidant status is
in progress. These results indicate that moderate DR renders high resiliency to the
cardiotoxic and lethal effects of DOX, further illustrating the powerful beneficial
cardiovascular effects of moderate DR as a life style option.

2158

BIOENERGETIC PHENOTYPE OF NRTI-INDUCED
MITOCHONDRIAL CARDIOMYOPATHY

A. P. Rolo, L. Peterson, J. A. Bjork, J. Berthiaume and K. B. Wallace.
Department of Biochemistry & Molecular Biology, University of Minnesota Medical
School, Duluth, MN.
Nucleoside reverse transcriptase inhibitor (NRTI) antiretroviral therapy has significantly decreased HIV-associated morbidity and mortality. However, with prolonged exposure to antiretroviral drugs, side effects are manifested as systemic-wide
alterations in carbohydrate and lipid metabolism. NRTI’s are competitive substrates for mtDNA Pol-γ causing inhibition of the replication of mtDNA. The inferred consequence is a decrease in mtDNA copy number leading to a depletion of
mitochondrial transcripts. According to this hypothesis, the loss of mitochondrial
transcripts leads to a loss of respiratory efficiency reflecting the generation of reactive oxygen species and oxidative mitochondrial injury. Exposure of h9c2 cardiac
myocytes in cell culture to 1 µM didanosine (ddI) for six cell passages resulted in a
significant depletion of mtDNA, which was evident as visualized by fluorescence
microscopy. Although zidovudine (AZT), ddI or ethidium bromide (included as a
positive control) did not alter the number of mitochondrial structures, mtDNA
was visibly less in cells exposed to ddI. Neither AZT nor ethidium bromide caused
a detectable change in Pico Green® fluorescence compared to control cardiac myocytes. The pronounced depletion of mtDNA by ddI, and to a lesser extent by
AZT, was also reflected in the inhibition of FCCP-uncoupled respiration and stimulation of free radical generation from digitonin permeabilized cardiac myocytes.
Uncoupled respiration was also inhibited in AZT exposed cardiac myocytes, but to
a lesser extent than ddI. A corresponding decrease in NADH-CoQ oxidoreductase
activity and COX activity was observed. Associated with the stimulated ROS generation was an accumulation of protein oxidation products in cardiac myocytes exposed to ddI. In sum, the results are consistent with the hypothesized mtDNA Polγ mechanism of cardiac toxicity, wherein the depletion of mtDNA results in
functionally uncoupled mitochondria that liberate free radicals and cause oxidative
tissue damage in exposed tissues. (Supported by HL072715).

2159

ZINC PRETREATMENT PROTECTION AGAINST
DOXORUBICIN-INDUCED CARDIOTOXICITY
DEPENDS ON THE LEVELS OF CARDIAC
METALLOTHIONEIN

S. Peng1, 2, J. Guo1, 2, M. Liu1, 2, C. Yan1, 2, H. Yang1, 2 and G. Wang1, 2. 1Beijing
Institute of Pharmacology and Toxicology, Beijing, China and 2National Beijing
Center for Drug Safety Evaluation and Research, Beijing, China.
Cardiotoxicity is the major limiting factor that compromises the clinical application of Doxorubicin (DOX) as anticancer drug. Recent studies indicated that
Metallothionein (MT), a low-molecular-weight and sulfur-rich protein, can protect
DOX-induced cardiotoxicity but the mechanisms remain unclear. This study
aimed to investigate the cardioprotective role of MT induced by zinc against DOXinduced cardiotoxicity. Wild-type (MT+/+) and MT-null (MT-/-) mice were pretreated with ZnSO4 (300µmol/kg, sc) at 24h and 48h before a single administration of DOX (15mg/kg, ip), and were killed on the 4th day after treatment. Zinc
pretreatment elevated MT levels as well as increased zinc concentrations significantly in MT+/+ mice hearts while the cardiac MT levels in MT-/- mice were still
very low though the cardiac zinc concentrations were elevated. The antioxidant defense system, such as glutathione peroxidase, superoxide dismutase, catalase and
glutathione in MT+/+ and MT-/- mice hearts show no difference and weren’t affected by zinc pretreatment. Oxidative injuries occurred in MT+/+ mice and these
toxic responses were even more severe in MT-/- mice, including increased serum
creatine kinase and lactate dehydrogenase activities, morphological changes examined by light microscopy, myocardial lipid peroxidation and depressed antioxidant
defense system. All of these DOX-induced toxic changes significantly inhibited by
zinc pretreatment in MT+/+ mice heart but not in MT-/- mice. Furthermore, the
hydrogen peroxides levels in the heart tissue of DOX-treated MT+/+ mice were increased significantly and this effect were suppressed by zinc pretreatment. These results demonstrate that zinc pretreatment protection against DOX-induced cardiotoxicity depends on cardiac MT levels, which possibly correlated with the
property of MT on scavenging free radicals in vivo. Supported by China Natural
Science Foundation grant 30572281.

2160

AHR2 AND ARNT1 MEDIATE THE CARDIAC TOXICITY
OF TCDD IN EMBRYONIC ZEBRAFISH

D. S. Antkiewicz1, R. E. Peterson2 and W. Heideman2. 1Molecular and
Environmental Toxicology Center, University of Wisconsin, Madison, WI and 2School
of Pharmacy, University of Wisconsin, Madison, WI.
2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD) is a persistent environmental pollutant that has been shown to negatively affect the cardiovascular system in a range of
vertebrates including chicken, fish, rodents and primates. In recent years zebrafish
(Danio rerio) has proven an indispensable model for studying the developmental
toxicity, and specifically the effects of TCDD on the cardiovascular system.
Embryos treated with TCDD (1ppb) shortly after fertilization exhibit a range of
toxic effects on the heart: an early reduction in cardiac myocyte number, followed
by a change in heart looping and morphology, with an apparent compaction of the
ventricle and overall decrease in heart size. These changes are accompanied by effects on cardiovascular function: a decrease in cardiac output preceding a reduction
in peripheral blood flow and ventricular contractility. While it is widely accepted
that aryl hydrocarbon receptor (AHR) activation mediates TCDD toxicity, the
mechanism of TCDD-induced cardiotoxicity remains unknown. Additionally, in
zebrafish there are multiple forms of AHR and ARNT opening the question
whether different toxic endpoints are mediated by different components of the
AHR/ARNT pathway. To address this question we used morpholino oligonucleotide technology to specifically block the expression of zfAHR2, zfARNT1,
zfARNT2, and zfCYP1A, and assessed the previously described effects of TCDD
on heart morphology, size and function in the developing morphants. We report
that the zfAHR2 and zfARNT1 components of the AHR pathway mediate TCDD
cardiac toxicity in zebrafish embryos. In particular, the zfahr2-MO offered a complete protection against the TCDD-mediated alteration in heart morphology and
looping, reduced cardiac myocyte number, decreased cardiac output and the contractility defect. (NIH grant ES 012716)

2161

INDUCTION OF MITOCHONDRIAL TRNA GENE
MUTATIONS IN HIV-NEGATIVE CHILDREN EXPOSED
IN UTERO TO AZT-3TC

D. Cook, J. Meng, S. Torres, M. Carter, D. Walker and V. Walker. Lovelace
Respiratory Research Institute, Albuquerque, NM.
Nucleoside analogs (NRTIs) are remarkably effective in reducing maternal-fetal
transmission of HIV-1; however, perinatal exposure of infants to these drugs may
impose a risk for cancer and mitochondrial disease later in life. Researchers in
France have hypothesized a link between in utero AZT or AZT-3TC exposure in
HIV-negative children, mitochondrial abnormalities, and persistent signs of mitochondrial dysfunction involving the brain, liver, and heart (Blanche et al, Lancet
354:1084-9, 1999). Our group reported that in utero exposure to AZT or AZT3TC resulted in ultrastructural pathology, loss of mitochondria, and altered
echocardiograms in mouse pups, and that this cardiac pathology and dysfunction
was associated with persistence of mitochondrial DNA (mtDNA) mutations and
delayed onset cardiomyopathy (Walker et al, Cardiovasc Toxicol 4:122-53, 2004).
Thus, a PCR-based denaturing gradient gel electrophoresis method was adapted to
screen for mtDNA mutations in the 22 tRNA genes of umbilical cord (where endothelial cells serve as the major source of DNA) from newborn children exposed
in utero to NRTIs. In infants exposed to AZT-3TC (n = 10), there was a significant
3.7-fold increase in mtDNA mutations compared with unexposed control infants
(n = 9). The same three sets of heteroduplexes were found in each control or treated
child, representing two previously identified polymorphisms and a third likely
polymorphism. Each AZT-3TC exposed infant had the same eight additional sets
of distinct mutations not found in controls (P <0.001) that may represent
“hotspots” for drug-induced mtDNA mutations. Among the AZT-3TC induced
mutations, 5 were transversions, 2 were transitions, and one was a frameshift (+G
insertion). Preliminary results of these mouse and human studies support the hypothesis that structural and functional abnormalities induced in mitochondria by
perinatal AZT or AZT-3TC exposures are related in part to the persistence and expansion of mtDNA mutations, and NRTI-exposed children may be at risk for late
onset cardiomyopathy.

2162

METABOLIFE AND ITS CONSTITUENTS INCREASE
ATYPICAL CARDIAC CELLS, AN EFFECT
EXACERBATED BY NICOTINE

A. A. Grippo1, C. E. Brown1, S. Trauth1, R. S. Grippo1 and B. J. Gurley2.
1
Biological Sciences, Arkansas State University, State University, AR and 2College of
Pharmacy, University of Arkansas for Medical Sciences, Little Rock, AR. Sponsor: D.
Schlenk.
Heart disease is a major cause of mortality in the United States, with cigarette
smokers more likely to develop coronary artery disease than nonsmokers. Nicotine
in cigarettes works through the sympathetic and parasympathetic nervous systems,

causing increased heart rate and blood pressure. The ephedrine alkaloids of ephedra
affect the sympathetic nervous system as well, also causing increased heart rate and
blood pressure. The botanical form of caffeine (guarana), found in many
ephedrine-containing dietary supplements, has been linked to cardiovascular disease, with a single dose of caffeine shown to stimulate the CNS, possibly through
increased secretion of epinephrine and norepinephrine. Thus nicotine, ephedrine
and caffeine can individually stress the cardiovascular system, and a large overlap of
the use of these agents is predicted in smokers and dieters. To understand the adverse effects of these agents on heart morphology and ultrastructure, heart tissues of
rats exposed to combinations of nicotine with ephedrine and/or caffeine or an
ephedra- and caffeine-containing supplement (Metabolife) were examined by light
microscopy for indications of hypersensitivity myocarditis and myocardial necrosis.
We found that the sympathomimetics alone did not affect heart tissue morphology,
nor were atypical cardiac cells observed. However, in combination, significant interactions were found between caffeine and ephedrine; the interventricular septum
was most susceptible, with a significant increase in atypical cardiac cells. Nicotine
pretreatment caused greater susceptibility to a combination of caffeine + ephedrine
or Metabolife in the left ventricle wall, anterior and posterior, respectively. These
results indicate that it is the combination of sympathomimetic agents in dietary
supplements that may lead to the cardiovascular dysfunction reported in some consumers of weight loss dietary supplements.

2163

ALDH2 AND GTN BIOACTIVATION TO NO

I. Kastrati and G. R. Thatcher. Medicinal Chemistry, University of IL at Chicago,
Chicago, IL.
The organic nitrate, nitroglycerin (GTN) has been used in treatment of angina for
over 130 years, yet important details on mechanism of action remain unanswered.
Nitrate tolerance observed for GTN is a potential problem for extension of nitrate
therapy beyond angina pectoris, acute treatment of myocardial infarction and heart
failure. The biological activity of organic nitrates mimics NO; the bioactivation to
nitric oxide (NO) is a 3 electron reduction; one pathway for bioactivation requires
the involvement of free or protein thiol. Several proteins have been identified as capable of mediating the denitration of GTN, yielding GDN and nitrite as products,
including ALDH2 (class 2 aldehyde dehydrogenase). ALDH2 was capable of mediating denitration of classical nitrates, however further reduction to NO is still problematic. The ALDH2 active site contains the classical reactive thiol (cys-302) along
with two other exposed neighboring cysteines. In order to examine the sulfhydryldependent 3 electron reduction of the nitrate moiety to NO, a combination of experimental and theoretical models was applied. Calculations were performed at the
B3LYP and CBS-QB3 computational levels on reaction pathways leading to NO.
Model reactions were examined experimentally using photochemical generation of
thiyl radical. Finally, the putative 3 electron reduction of nitrate was studied in cell
culture. The key step of the chemical mechanism must involve oxygen atom transfer from nitrogen to sulfur, evidence for which was obtained.

2164

TCDD STIMULATES L-TYPE CA2+ CURRENT VIA A
PROTEIN KINASE C SIGNALING PATHWAY IN GUINEA
PIG VENTRICULAR MYOCYTES

D. Wang1, A. Xie3 and N. Walker2. 1College of Pharmacy, University of South
Carolina, Columbia, SC, 2NIEHS, Research Triangle Park, NC and 3University of
Chicago, Chicago, IL.
TCDD increases the intracellular Ca2+ concentration of cardiomyocytes. We reported that TCDD facilitated delayed after-depolarizations that frequently progressed into pro-arrhythmic cardiac electrical activity. We hypothesize that TCDD
stimulates L-type Ca2+ currents (ICa,L), exacerbates intracellular Ca2+ overload, and
triggers arrhythmogenic activities. Experiments were carried out in isolated guinea
pig ventricular myocytes using the patch-clamp technique. We found that TCDD
(10 nM, 20 min treatment) augmented ICa,L, from 8.1 ± 0.4 (control) to 10.1 ± 0.6
pA/pF (p<0.05, n=8). This increase was completely prevented by intracellular application of AhR receptor antagonist resveratrol (10 µM). The effect was also abolished by the PKC-selective inhibitor calphostin C (100 nM) and non-selective kinase inhibitor staurosporine (100 nM). In comparison, PKA-selective inhibitor
KT5720 (5 µM) or PI3 kinase inhibitor wortmannin (100 nM) did not affect
TCDD stimulation of ICa,L. Further analysis revealed that TCDD neither alters the
voltage-dependent activation nor inactivation of ICa,L. TCDD treatment did not affect outward K+ currents. When ICa,L was augmented by β-adrenergic agonist isoproterenol (ISO, 10nM) from 8.6 ± 0.4 to 21.1 ± 1.9 pA/pF (p<0.01, n=18), addition of TCDD produced a further increase of ICa,L to 25.1 ± 1.8 pA/pF (p<0.05,
n=7). Staurosporine only blocked TCDD- but not ISO-stimulated portion of ICa,L,
whereas KT5720 reduced ISO-stimulated ICa,L by 64%. In addition, TCDD facilitated ISO-induced after-depolarizations and spontaneous arrhythmic beatings,
which was prevented by staurosporine. In conclusion, TCDD stimulates L-type
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Ca2+ channels through the AhR receptor-activated PKC signaling pathway. This
mechanism may contribute to TCDD-caused Ca2+-overload and arrhythmogenic
afterdepolarizations in cardiomyocytes.

2165

BIOMARKERS OF ISOPROTERENOL-INDUCED
CARDIAC DAMAGE
T. P. O’Neill1, P. Tarantino2, C. P. Chengelis1, M. Herberth1 and M. Lee2. 1WIL
Research Laboratories LLC, Ashland, OH and 2Sepracor Inc., Marlborough, MA.
The objective was to investigate potential biomarkers of isoproterenol-induced cardiomyopathy in rats. There were four groups of male rats which were designated
groups 1 and 2 (Part 1) and groups 1A and 2A (Part 2). Groups 1 and 1A served as
vehicle control groups while groups 2 and 2A received a single subcutaneous injection of L-isoproterenol hydrochloride (Iso) on study day 3 at a dose level of 4
mg/kg (at 10 mL/kg). For Part 1, evaluation of serum chemistry [cardiac troponin
I (cTnI), cardiac troponin T (cTnT), b-type natriuretic peptide (BNP), creatine kinase (CKMB)] was performed at 4, 8 and 24 (at necropsy) hours following dosing
on up to 10 animals from each group on study days 3 and 14. For Part 2, nine
rats/group were surgically implanted with radiotelemetry transmitters to monitor
any effects on arterial blood pressure (mean, systolic and diastolic), heart rate or
body temperature. A single subcutaneous administration of Iso induced significant
decreases in body temperature, diastolic, systolic and mean arterial pressure, and increases in heart rate along with a dramatic increase in the incidence and severity of
both cellular infiltration and cardiomyopathy. The cardiac damage induced by Iso
correlated with increases in both cTnT and cTnI at 4 and 8 hours following dosing
and an increase in cTnT at 24 hours following dosing. By 24 hours post-dose
(cTnI) or study day 14 (cTnT) cardiac troponin levels in the positive control group
were indistinguishable from those in the vehicle control group indicating that they
had returned to baseline. There was no obvious correlation between CKMB or
BNP levels and cardiac damage. The results with Iso indicate a time dependence of
the sensitivity of both cTnT and cTnI as effective biomarkers which may suggest a
diagnostic window in which higher cardiac troponin levels can indicate drug-induced cardiac damage. The results with BNP and CKMB indicate that neither was
an effective reporter of Iso-induced cardiac damage.

2166

TIMECOURSE ANALYSIS OF THE INTRA-RENAL
AORTIC BANDING–INDUCED LEFT VENTRICULAR
HYPERTROPHY IN MICE
H. Higashiyama, H. Inoue, M. Sugai, H. Kushida, M. Kinoshita and S.
Asano. Pharmacology Department, GlaxoSmithKline, Tsukuba Research laboratories,
Ibaraki, Japan.
The left ventricular hypertrophy (LVH) in response to pressure-overload has been
viewed as a compensatory mechanism to maintain cardiac output and normalize
wall stress. To investigate the mechanism of LVH after aortic banding, we studied
the time course for the development and alterations in histopathology and cardiac
function. CD-1 mice were subjected to the abdominal aortic banding at intra-renal
region for 3, 10, 14, 21, 28 or 42 days to establish LVH. Heart, kidney, aorta, lung
and adrenal grand were removed, processed for hematoxilin and eosin (HE) and
Masson’s trichrome staining, and microscopically examined. After aortic banding,
significant histopathological alterations were observed in the heart. [Day 3] moderate ~ severe level of neutorophils, and macrophages infiltration were observed in the
perivascular and interstitial area. [Day10~21] mild ~moderate macrophages infiltration were still observed, and progression of vascular wall thickening and perivascular fibrosis were observed in the coronal artery. [Day28~42] minimal myocardial
hypertrophy was observed. CONCLUSION: In the present study, we identified
the time course of histopathological changes in abdominal aortic banding model.
In conclusion, our histopathological evidences would facilitate the understanding
of pathophysiology and pharmacological treatment of pressure-overload LVH.

2167

ECTOPIC EPITHELIAL STRUCTURES IN THE HEART
OF CYNOMOLGUS MONKEY (MACACA
FASCICULARIS)
J. Kaspareit, S. Friderichs-Gromoll, E. Buse and G. Habermann. Covance
Laboratories GmbH, Muenster, Germany. Sponsor: F. Vogel.
Ectopic epithelial structures of the heart are exceedingly rare in man. All reported
cases are cysts lined by different types of epithelium. These cysts were lined by a
cuboidal, columnar or squamous epithelium. They were observed either at
necropsy of aborted and stillborn infants with further developmental malformations or as incidental findings at necropsy of elderly people that died due to other
primary diseases. In animals cardiac epithelial lined cysts have only been observed
in B6C3F1-mice and a tawny frogmouth.
Squamous cysts, squamous epithelial plaques and fluid filled epithelial cysts were
observed in eighty cynomolgus monkeys. Eighteen monkeys had squamous cysts,
seven revealed squamous cysts together with squamous plaques, forty-nine had ex-
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clusively squamous plaques, three had only fluid filled epithelial cysts, two had a
squamous plaque and a fluid filled epithelial cyst, and one exhibited all three types
of epithelial structures. At necropsy, only squamous cysts were identifiable as yellow-white nodules with a smooth surface, that were located superficially along the
interventricular septum, on the surface of the left ventricle or the apex of the heart.
Microscopically, cysts were lined by a flattened epithelium and filled with keratin.
A thin layer of connective tissue was present under the epithelium. Occasionally the
epithelium was multi-layered or replaced by a rim of foreign body-type multinucleated giant cells. In one animal the cyst was filled with keratin, multinucleated giant
cells and other inflammatory cells, while in two other the keratin was mineralised.
Squamous plaques were located on the surface of the heart or directly under the cardiac surface. Single plaques revealed a small central lumen or keratinisation. Fluid
filled epithelial cysts were lined by a simple flat or multilayered epithelium.
All animals with squamous cysts came from Mauritius while those with squamous
plaques came from Mauritius, China, Germany and Vietnam; but the vast majority
of the latter animals were bred in Mauritius.

2168

DOSE RESPONSE-BASED,MYOCARDIAL AND
CORONARY ARTERIAL INJURY SEPARATION DUE TO
POTASSIUM CHANNEL OPENER ZD6169

H. B. Jones1, S. Gould1, C. Louden1, J. Schofield1 and D. Brott2. 1Safety
Assessment, AstraZeneca Pharmaceuticals, Macclesfield, United Kingdom and 2Safety
Assessment, AstraZeneca Pharmaceuticals, Wilmington, DE.
Drug-induced vascular injury (DIVI) in laboratory animals is of concern to the regulatory authorities as there are no effective, validated biomarkers of this potential damage
in humans. To investigate biomarker development, we are using a potassium channel
opener (PCO; ZD6169), to induce vascular injury in the dog.PCO’s, cause vascular
and cardiac injury in dogs that correlate with marked decreases in mean arterial blood
pressure(BP) and reflex tachycardia(HR). The aim of this study was to titrate the dose
of ZD6169 to circumvent the induction of myocardial necrosis whilst retaining the induction of vascular injury, and therefore provide an insight into the mechanism of
DIVI and a better model for the assessment of biomarker development. Methods:
Three doses of ZD6169 were given to beagle dogs, and cardiovascular physiological
parameters, and cardiac pathology assessed. Results: BP and HR were increased dramatically, at 240 and 60 mg/kg ZD6169 and were associated with papillary muscle
necrosis and coronary arterial lesions. At 15 mg/kg, HR increases and BP decreases
were less dramatic (approximately 20% vs 70 % at the high dose): no papillary necrosis was detected but coronary arterial lesions were present.Conclusions: No effect dose
level for papillary necrosis is 15 mg/kg ZD6169.DIVI evident at all doses. Induction
of papillary muscle necrosis correlated with dramatic increases in HR and decreased
BP: at 15 mg/kg,slightly increased HR and decreased BP within normal physiological
limits.Induction of the vascular lesion independent of substantial changes in BP and
HR; evidence of a dose response in relation to severity of the lesion.This dose response
provides a good model for evaluating future biomarkers for assessing DIVI.DIVI occurs independently of large changes in heart rate and blood pressure, unlike papillary
necrosis.It is possible to separate the lesions.

2169

SPECIES DIFFERENCES IN CARDIOVASCULAR
EFFECTS FOLLOWING INTRAVENOUS
ADMINISTRATION OF COCAINE AND
METHAMPHETAMINE IN TELEMETERIZED BEAGLE
DOGS AND CYNOMOLGUS MONKEYS

M. P. Benson, J. A. Dalton, J. R. May and P. E. Newton. MPI Research,
Mattawan, MI.
The cardiovascular responses to the stimulants cocaine and methamphetamine were
determined as changes from baseline in freely moving Beagle dogs and Cynomolgus
monkeys. Cocaine produced dose-dependent increases in mean arterial blood pressure of approximately 40% at 1.0 mg/kg up to an approximate 60% increase at a
maximum tolerated dose (MTD) of 3.0 mg/kg in dogs. In contrast, cynomolgus
monkeys demonstrated an approximate 10% increase in mean arterial pressure following 0.3 mg/kg and an approximate 30% increase at an MTD of 3.0 mg/kg.
Monkeys demonstrated increases in heart rate at doses of 1.7 and 3.0 mg/kg (25 to
30%, respectively), while no heart rate changes were observed in dogs.
Methamphetamine produced dose-dependent increases in mean arterial blood pressure of approximately 20% at 0.3 mg/kg up to an approximate 65% increase at an
MTD of 3.2 mg/kg in dogs. The dogs also demonstrated a delayed (~1 hour) and
prolonged increase in heart rate (100 to 150%) and increased body temperatures (4
to 6%) following doses of 1.0 to 3.2 mg/kg. In contrast, monkeys demonstrated
only an approximate 10% increase in mean arterial blood pressure following 0.3
mg/kg and an approximate 30% increase at an MTD of 5.6 mg/kg. Heart rate increases were present at doses of 1.0 to 5.6 mg/kg (10 to 20%), but these occurred
immediately after dosing and were short lived. There were no notable body temperature changes in monkeys administered methamphetamine.
Other ECG responses were unremarkable in these studies.

In conclusion, comparisons between the species revealed that dogs exhibited a
greater hemodynamic response than monkeys to each of the stimulants.
Furthermore, the delayed heart rate and hyperthermia effects with methamphetamine were only observed in the dog.
Supported under NIH/NIDA Contract N01DA-0-8805.

2170

2,3,7,8-TETRACHLORODIBENZO-P-DIOXIN (TCDD)
EXPOSURE DURING FETAL DEVELOPMENT
PREDISPOSES MALE OFFSPRING TO CARDIAC
DYSFUNCTION IN ADULTHOOD
A. C. Aragon1, P. G. Kopf1, B. Goens2 and M. K. Walker1. 1College of Pharmacy,
University of New Mexico, Albuquerque, NM and 2Pediatrics, University of New
Mexico School of Medicine, Albuquerque, NM.
Studies have shown that in utero and lactational exposure to the environmental
pollutant, TCDD, results in increased heart weight and induction of cardiac
hypertrophy marker gene expression postnatally. Thus, we tested the hypothesis
that this exposure would increase the susceptibility of adult animals to cardiac
dysfunction when presented with a second risk factor for cardiovascular disease.
Time-pregnant C57Bl6 mice were treated with vehicle control (corn oil) or 6.0
µg TCDD/kg on gestation day 14.5. Dams were allowed to deliver, and at 3.5
months of age, male offspring were analyzed for cardiac morphology and function either prior or after exposure to a subpressor dose (0.1 mg/kg/d) of angiotensin II (Ang II). Two dimensional M-mode echocardiograms were used to
determine cardiac dimensions and fractional shortening, and left ventricle mass
was calculated from these values. At 3.5 mo, TCDD-exposed male offspring exhibited a significant decrease in body weight; however, no detectable change
was noted in heart weight. Following 14 d Ang II treatment, TCDD-exposed
animals displayed an increase in left ventricle internal diameter and posterior
wall thickness during diastole, when compared to controls. In addition,
TCDD-exposed mice showed an increase in left ventricle mass. These preliminary results suggest that early TCDD exposure predisposes animals to cardiac
dysfunction later in life, when challenged with a second risk factor. Future
studies will confirm whether changes in cardiac remodeling are evident by
analysis of extracellular matrix and hypertrophy marker genes, and histologically by fibrosis staining. Supported by ES012335 to MKW and ES0123350281 to ACA.

2171

SUB-CHRONIC, LOW LEVEL EXPOSURE OF ADULT
MALE MICE TO 2,3,7,8-TETRACHLORODIBENZO-PDIOXIN (TCDD) INDUCES OBESITY AND
HYPERTENSION
P. G. Kopf, A. K. Lund and M. K. Walker. College of Pharmacy, University of New
Mexico, Albuquerque, NM.
Obesity and hypertension are prevalent disorders in industrialized regions, and
both are risk factors for diabetes, stroke, and renal failure. Human epidemiology
studies have correlated TCDD exposure with early signs of diabetes and with cardiovascular disease, including hypertension. Thus, we tested the hypothesis that
sub-chronic, low level TCDD exposure increased arterial blood pressure, a risk
factor for future diabetes and cardiovascular disease-related mortality. A blood
pressure radiotelemeter was surgically implanted in the left carotid artery in 3-4
mo old male C57Bl/6N mice, and following a 7 d recovery period from surgery,
baseline blood pressure was measured for 7 d. Following baseline, mice were dosed
with vehicle control (corn oil) or 150 ng/kg TCDD by oral gavage three times per
wk for 2 mo, resulting in a steady state body burden of 1 µg/kg at 8 wk. Daytime
mean arterial pressure (MAP) of TCDD-exposed mice increased in the first week,
followed by a normalization and a subsequent increase in wk 4, which was sustained until the end of the study. Additionally, TCDD-exposed mice exhibited a
significant increase in body weight. Weight gain of TCDD mice increased significantly by wk 3 and was elevated by ~17% by wk 8. These results suggest that low
level TCDD exposure may be a risk factor for obesity and hypertension. Future
studies will determine whether this sub-chronic, low level TCDD exposure also
leads to a pre-diabetic state and will investigate the role of TCDD-induced tumor
necrosis factor-α in these responses. Supported by ES012335 to MKW;
P30ES12072 to UNM.

2172

TRANSCRIPTIONAL RESPONSE TO 2,3,7,8TETRACHLORODIBENZO-P-DIOXIN IN ZEBRAFISH
LARVA HEARTS
S. A. Carney1, J. Chen1, C. Burns2, 3, K. M. Xiong1, R. E. Peterson1 and W.
Heideman1. 1University of Wisconsin, Madison, WI, 2Massachusetts General
Hospital, Charlestown, MA and 3Harvard Medical School, Boston, MA.
Exposure to 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) and related compounds
during development causes cardiovascular toxicity in fish, avian and mammalian
species. In zebrafish embryos, TCDD-induced cardiovascular toxicity is character-

ized by altered heart morphology and function, ischemia, hemorrhage and pericardial edema culminating in mortality. TCDD developmental toxicity is mediated by
activation of the aryl hydrocarbon receptor (AHR), a transcription factor that regulates gene expression through interaction with specific DNA binding sites in promoters of target genes. To identify genes that may be involved in mediating
TCDD-induced cardiac toxicity, we analyzed the transcriptional response to
TCDD exposure in the hearts of zebrafish larvae. Zebrafish larvae were exposed to
TCDD for 1 h at 72 hpf, and then hearts were extracted for microarray analysis at
73, 74, 76 and 84 hpf. The remaining body tissue was also collected for microarray
analysis at each time to compare the TCDD-induced transcriptional response in
heart and extracardiac tissue. During the 12 h window following exposure, TCDD
altered expression of 160 genes in zebrafish hearts. TCDD rapidly induced expression changes in 42 genes within 1 – 2 h of exposure. These genes function in xenobiotic metabolism, proliferation, heart contractility, and pathways that regulate
heart development. Furthermore, the 42 gene expression changes rapidly induced
by TCDD preceded signs of cardiovascular toxicity characterized by decreased
stroke volume, peripheral blood flow and heart size, making those genes strong candidates for AHR gene targets that mediate TCDD-induced cardiovascular toxicity.
Interestingly, the TCDD-induced transcriptional response in the hearts of zebrafish
larvae was substantially different from the response induced throughout the rest of
the body tissues. This demonstrates a very distinct transcriptional response induced
by TCDD in zebrafish larvae heart cells (UW Sea Grant).

2173

DIFFERENCES IN CARDIOVASCULAR RESPONSE TO
PM EXPOSURE BETWEEN SPONTANEOUSLY
HYPERTENSIVE STROKE-PRONE (SHSP) AND WISTARKYOTO (WKY) RATS

A. P. Carll1, W. H. Rowan2, J. Wallenborn3, D. W. Winsett2, M. Schladweiler2,
L. B. Wichers3, D. L. Costa2, U. P. Kodavanti2 and W. P. Watkinson2. 1Student
Contractor ORD/NHEERL/ETD/PTB, USEPA, Research Triangle Park, NC,
2
ORD/NHEERL/ETD/PTB, USEPA, Research Triangle Park, NC and
3
Environmental Sciences and Engineering, UNC School of Public Health, Chapel
Hill, NC.
Epidemiological studies have shown that cardiovascular morbidity and mortality
are associated with exposure to elevated levels of ambient particulate matter (PM),
notably in people with pre-existing cardiopulmonary disease. To better understand
the mechanisms of PM-induced cardiac toxicity, we used radiotelemetry methodology to compare the cardiac and thermoregulatory responses of SHSP to those of
WKY rats following exposure to a model emission particle with a metal profile resembling ambient PM. Three groups (n=4/group; male; 110d) SHSP and WKY
were exposed to saline, 3.33 mg/kg, or 8.33 mg/kg of an oil combustion-derived
PM (HP12) via intratracheal instillation (IT). Heart rate (HR) and core temperature (Tco) data were acquired at 10-minute intervals over the course of the threeweek study. Using a novel statistical approach (Fishing License Method; Nadziejko
et al., 2004), we examined these time series data for the 120 hours following the
challenge. Restricting our analysis to effects with a minimum duration of 3 hours,
we found a significant decrease in HR for the high dose groups for both strains
when compared to control, with a more robust response in the WKY strain
(WKY:-60 bpm, SHSP:-35 bpm). There was no significant response in the low
dose group for either strain. The effects for the SHSP appeared 30 minutes after
IT, whereas the effects for the WKY appeared ~15 hours post-IT. Immediate drops
in Tco were seen following challenge for both strains with the larger effect present
in the WKY (WKY=1.65 °C; SHSP=0.74 °C). Assuming that the “hypothermic
response” (Watkinson et al., 1993) in rodents is protective, this finding suggests
there may be a heightened vulnerability in the SHSP rat. (Abstract does not represent EPA policy. This research was supported by EPA CT829471 and
EPO5D000528.)

2174

ULTRASONIC ANALYSIS, A TOOL FOR EARLY
DETECTION OF CARDIOTOXIC LESIONS:
PRELIMINARY FINDINGS

J. Dunnick1, D. Rouse2, P. Myers2, C. Vanderklok3, A. Nyska3, J. Johnson3, J.
Horton3, W. Lieuallen4, D. Malarkey3, R. R. Maronpot3 and K. Johnson3.
1
Toxicology Operations Branch, NIEHS/NIH/DHHS, Research Triangle Park, NC,
2
Comparative Medicine Branch, NIEHS/NIH/DHHS, Research Triangle Park, NC,
3
Laboratory of Experimental Pathology, NIEHS/NIH/DHHS, Research Triangle Park,
NC and 4Pathology Associates International, Cary, NC.
We demonstrate in this study that ultrasonic analysis offers a noninvasive, early-detection device for predicting cardiotoxicity. Exposure to environmental toxicants
can contribute to the initiation of heart disease, of which early diagnosis can be
vital. In this study, histopathological, electron microscopical, and ultrasonic examinations of heart disease induced in the mouse bis(2-chloroethoxy)methane (CEM)
model were compared. Five-week-old female B6C3F1 mice were exposed dermally
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to 0, 400, or 600 mg/kg CEM for 3 consecutive days. Ultrasonic analysis was conducted using the Visualsonics Vevo 660 with a 30 MHz probe prior to treatment
and approximately 2 hours after the third exposure. During imaging sessions, mice
were anesthetized with isoflurane. M-mode echocardiogram across the short axis of
the heart revealed an abnormal pattern of heart rhythm and shallow systolic and diastolic beats. Histopathological analysis revealed minimal to extensive myofibrillary
vacuolation, chiefly in 600 mg/kg-treated animals. Ultrastructural vacuolation and
damage to the first-target organelle, the mitochondrion, were seen in one 600
mg/kg-treated mouse. This study demonstrates that noninvasive ultrasound technology may detect early heart disease, as corroborated by histopathology and electron microscopy.

2175

INHALATION OF FINE PARTICLES MODIFIES
CARDIOVASCULAR FUNCTION IN AGED RATS

M. T. Kleinman, A. Hamade and D. Meacher. Community and Env. MED..,
University. California, Irvine, Irvine, CA.
Particle-induced lung injury and heart responses were measured in young adult and
geriatric (senescent) rats exposed to laboratory generated particles composed of elemental carbon (EC) and ammonium nitrate (AMN)with and without ozone (O3).
The particle compositions and concentrations used were consistent with ambient
aerosols collected and characterized in California. This study was part of a coordinated multicampus program. The biological responses studied focused on cardiophysiologic factors (changes in blood pressure, variability in heart rate and abnormal heart rhythms) in the animal studies and macrophage superoxide production in
the human studies.
Acute (4 hour) single day exposures to particles (EC + AMN; 350
µg/m3) alone were compared with the effects of a mixture of particles and ozone
(0.2 ppm) at approximately the same particle concentrations. Both exposures produced decreases in blood pressure and heart rate. Blood pressure changes (differences between pre-exposure and post-exposure levels) were significantly different
from controls. Heart rate was decreased by pollutant exposure but the response was
not statistically significant. The changes induced by single day exposure to particles
alone were not significantly different from those induced by the single day ozone +
particle mixture. Thus, the effects observed may be those of the particles and not
due to the presence of ozone in the mixture.
Repeated 3-day (4 hour per day) exposures to slightly lower particle concentrations (250 µg/m3) caused changes in heart rate and blood pressure that were
statistically significant immediately post-exposure, but there were no changes in
baseline levels measured 20 hours after exposure. Heart rate variability was not significantly changed after a single exposure to particles, but showed progressive reduction after 2 and three days of consecutive exposure, compared to clean air exposures.

2176

CARDIOVASCULAR SAFETY PHARMACOLOGY
EVALUATIONS DURING EXERCISE STRESS IN DOGS

C. R. Hassler1, M. Coffee1, M. Ellinger1, M. Hawk1, R. Lordo1, M.
Stonerook1, T. Vinci1, B. Wood1 and R. Hamlin2. 1Battelle, Columbus, OH and
2
The Ohio State University, Columbus, OH. Sponsor: M. Hejtmancik.
Exercise, a documented stressor of the cardiovascular and pulmonary systems, is not
commonly employed for drug safety evaluation. Exercise may be used to amplify
potential adverse or beneficial effects of a test article. This study evaluated, in an exercise stress model, cardiovascular effects of two heart failure drugs. Enalapril (an
ACE inhibitor), carvedilol (a non-selective beta-blocker) and enalapril+carvedilol
were evaluated during rest and during treadmill exercise stress. Dogs were instrumented via telemetry for systemic and left ventricular pressures. The animals were
exercised for 12 minutes using a progressive paradigm that increased heart rate to
nominally 175 beats per minute. Four animals were dosed in a Latin Square design.
Dose groups were carvedilol 1.0 mg/kg, enalapril 1.0 mg/kg, carvedilol+enalapril
each at 1.0 mg/kg and placebo. Comparisons were made during rest and exercise.
Pressures decreased as compared to placebo during rest and exercise after dosing
with carvedilol+enalapril. Heart rates were not different from placebo at rest and
exercise for any group. Resting contractility (dP/dtmax) was not different from
placebo for the drug groups. Exercise contractility increased less than placebo in
carvedilol and even less for carvedilol+enalapril. Exercise contractility increased
with enalapril. Exercise intolerance was noted in one animal with
carvedilol+enalapril. This animal exhibited exaggerated increases in systemic pressures and contractility during exercise and was unable to exercise after seven minutes. This study demonstrated that exercise stress in normal dogs could unmask alterations in drug related cardiovascular alterations not evident during sedentary
evaluations: including inotropy, preload, delayed pressure and heart rate recovery
and stress intolerance.
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CARDIOVASCULAR SAFETY PHARMACOLOGY
EVALUATION IN NON-HUMAN PRIMATES:
COMPARISON OF CONSCIOUS AND UNCONSCIOUS
MODELS

M. Ouellet1, 2, S. Authier1, 2, A. Nelson1 and A. Abedian1. 1LAB. Preclinical
Research, Laval, QC, Canada and 2School of Veterinary Medicine, University of
Montréal, St-Hyacinthe, QC, Canada. Sponsor: I. Dean.
Introduction: Telemetry represents a major advancement in technology for cardiovascular safety evaluation of new drugs in part because it avoids confounding drug
interactions which plague unconscious models. In contrast, unconscious models
benefit from superior sensitivity due to the stability of baseline hemodynamic and
heart rate values. To study the relative utility of these two approaches monkeys were
given drugs with known hemodynamic and electrophysiologic effects in a comparative study.
Methods: Four (4) conscious and four (4) unconscious monkeys were given
medetomidine, potassium chloride, remifentanyl, esmolol and amiodarone intravenously at the same dose in both groups. Continuous electrocardiograms and systemic arterial pressures were recorded with the DSI telemetry system for conscious
animals and with the MI2 system for unconscious animals. Cardiac output and left
ventricular pressures were also recorded in the unconscious model. Hemodynamic
and electrocardiographic changes characteristic of each drug were noted with both
models. The amplitude and time of cardiovascular effect onset were compared for
the two models.
Conclusion: Both models allow identification of hemodynamic and electrocardiographic changes following drug administration in non-human primate models. The
sensitivity of the unconscious model appears to be greater than the conscious models for slight chronotropic and hemodynamic effects. Possible modification to hepatic drug metabolism by inhalant anesthesia remains an important concern.
Finally, an invasive monitoring instrumentation can be used without affecting the
animal well-being in the unconscious model allowing a more in-depth evaluation of
the cardiovascular function.

2178

KNOWLEDGE OF CARDIOVASCULAR RISK FACTORS
IN KOSOVO: A STUDENT PROJECT

J. M. Donohue1, A. Cocaj2, O. Gjergji3, T. Kalefi3, M. Kashari4 and Q.
Sinanaj2. 1Health and Ecological Criteria Division, US Environmental Protection
Agency, Washington, DC, 2Biology, University of Pristina, Pristina, Kosovo,
Yugoslavia, 3Medicine, University of Tirana, Tirana, Albania and 4Natural Sciences,
University of Tirana, Tirana, Albania. Sponsor: E. Ohanian.
A simple research project on risk factors for cardiovascular disease was conducted by
a team of students as part of a course in research planning and design at the
University of Pristina, Kosovo during the summer of 2005. The project was significant, because it was an introduction to research design and data analysis in a setting
where the physical resources to support research activities are very limited. Students
designed a multiple choice questionnaire drawing from literature from the
American Heart Association and Blue Cross Blue Shield. Team members administered the questionnaire to volunteers recruited on campus or from the commercial
area near the university. Demographic information was collected from all participants and those with health-related professions excluded. Overall, the 75 participants were able to select the correct response 72% of the time. They were knowledgeable of the impact of a high-fat diet, smoking, and alcohol on risk (80-90%
correct response rate), but were less knowledgeable about family history, the higher
risk among males, the relationship between diabetes and heart disease, and the importance of moderate physical activity for reducing risk with correct responses from
33, 61, 64, and 41 % of the participants, respectively. Participants under 40 years of
age were compared to those over 40, and those with family members who had heart
disease were compared to those with no family history. Participants with a family
history of heart disease generally did the same or better than those with no family
history except for questions about age and body weight as risk factors. Those over
40 did better than the under 40 age-group except on the age and weight questions
and the question about salt as a risk factor. [The opinions expressed in this paper
are those of the authors and not necessarily those of EPA.]

2179

DIFFUSION AND PERCEPTION OF MERCURY RISK
INFORMATION

D. D. Petersen1, 2. 1Research & Development, USEPA, Cincinnati, OH and 2Biology
and Horticulture, University of Cincinnati, Cincinnati, OH.
Approximately 8% of American women have blood Mercury levels exceeding the
EPA reference dose (a dose below which symptoms would be unlikely). The children of these women are at risk of neurological deficits (lower IQ scores) primarily
because of the mother’s consumption of contaminated fish. In many areas of the
country, populations of subsistence anglers have higher prevalence of toxicity be-

cause of their extensive consumption of contaminated fish. Even health conscious
high-end fish consumers that eat swordfish or other predatory fish several times a
week are exhibiting symptoms of Mercury toxicity including paresthesias to the extremities. These health risks of Persistent Bioaccumulative Toxicants (PBT) such as
methyl-mercury are often underestimated because their amplification in the food
chain results in toxicity, even though ambient levels of these PBTs are within seemingly acceptable limits in the water itself. Two concerns have developed from this
situation (1) some of the affected groups have not been identified, and (2) means of
effectively communicating the possible risk to the affected groups does not readily
exist. Surveys reveal that people are well aware that fish advisories exist, yet few have
the necessary knowledge about which fish are potentially contaminated to make
safer choices. To more closely understand how the public perceives and receives
Mercury risk information, we analyzed patterns of Mercury-related keyword appearance in mass media, before and after several press releases and other events.
Temporal variations were observed in Monthly as well as day of week keyword appearance. Spatial variations were also noted between States following the release of
National fish consumption advisories. Merury risk information diffuses through
the population from larger national media to local media over several weeks. These
and other observed patterns can be used to make risk communication activities by
local, state and national organizations more effective.

2180

IMPLICATIONS OF CHANGES IN THE ARSENIC
CANCER SLOPE FACTOR FOR RISK
COMMUNICATION

L. Yost1, J. S. Tsuji2, C. G. Scrafford3, L. M. Barraj3 and P. J. Mink3. 1Exponent,
Saint Paul, MN, 2Exponent, Bellevue, WA and 3Exponent, Washington, DC.
In July 2005, EPA proposed a cancer slope factor for inorganic arsenic of 5.7 per
mg/kg/day based on a reanalysis of a southwest Taiwanese population exposed to
arsenic in well water. This slope factor results in an almost four-fold increase in cancer risk estimates for arsenic in soil and water. The Taiwanese data, however, have
considerable uncertainty for estimating risks at low doses in the U.S. and communicating such estimates to the public will be a challenge. Calculating risks associated
with background levels in food and water helps place risks for naturally occurring
substances such as arsenic in perspective with ordinary exposures. Inorganic arsenic
intake from diet and water for the U.S. population was modeled stochastically
using distributional data on regional food and water intake rates from USDA, published data on inorganic arsenic in foods, and regional data of arsenic in water reported by EPA. Background inorganic arsenic intake from diet and water had a
mean of 5.4 µg/day with a 90th percentile of 10.5 µg/day. Using the proposed cancer slope factor, lifetime risks associated with background diet and water at the
mean and 90th percentile are 5 in 10,000 and 9 in 10,000, respectively. Similarly,
soil with 20 ppb or 100 ppb arsenic would be associated with a risk of 2 in 10,000
or 8 in 10,000, respectively, according to EPA reasonable maximum exposure assumptions. Higher risks (2 in 1,000) would be associated with drinking water at the
proposed MCL of 10 ppb. Background risks in excess of EPA’s upper limit for acceptable risk of 1 in 10,000 question the reliability of EPA’s proposed cancer risk for
arsenic for indicating actual public health concerns. Epidemiological studies in the
U.S. and other countries also indicate that the Taiwanese data overestimate risks at
low doses in the U.S.

2181

DEVELOPING RECOMMENDED EXPOSURE LEVELS
FOR AIRBORNE ARSENIC

M. Seeley and T. S. Bowers. Gradient Corporation, Cambridge, MA.
Because dust is frequently generated during soil remediation, contaminant concentrations in dust should be monitored and maintained below recommended exposure levels (RELs) in air. Due to the short duration of typical remediation activities,
RELs for non-cancer endpoints may be lower than RELs for cancer, for carcinogens
such as arsenic. Non-cancer effects observed in humans following arsenic inhalation
include cardiovascular, neurological, dermatological, gastrointestinal and respiratory effects. California EPA (CalEPA) lists acute (1-hour) and chronic RELs, for
non-cancer endpoints, of 0.19 µg/m3 and 0.03 µg/m3, respectively. However,
CalEPA’s RELs are based on reduced offspring weight in rats, an effect not related
to known effects in humans. In addition, the critical effect was analyzed based on
total number of fetuses, rather than on a litter basis; and the RELs were developed
from a LOAEL that is more likely a NOAEL. This results in unrealistically low
RELs, which may be exceeded by remediation at sites with only moderately elevated arsenic concentrations. Therefore, we developed alternative RELs for arsenic.
We developed an acute (1-hour) REL based on respiratory effects in rats, which was
observed at 7.6 mg As/m3, but not 2.3 mg As/m3. We used inter- and intra-species
uncertainty factors of 10 each, for an acceptable exposure concentration (AEC) of
22.7 µg/m3. We also adjusted the AEC to represent a 1-hour exposure, as recommended by CalEPA, yielding a 1-hour REL of 55 µg/m3. We developed a chronic
REL based on decreased nerve conduction velocity in workers, which was observed

at an average concentration of 310 µg/m3. We adjusted this concentration to represent residential exposures, for a 24-hour AEC of 74 µg/m3. We also applied 10fold uncertainty factors to account for intra-species variability, and for use of a
LOAEL, yielding a chronic REL of 0.74 µg/m3. Hence, we have developed healthprotective acute and chronic RELs for arsenic that are approximately 300- and 25fold greater, respectively, than existing RELs. These RELs can be used to monitor
contaminant concentrations in dust during soil remediation.

2182

INTEGRATION OF THE AVAILABLE GENOMIC DATA
FOR INORGANIC ARSENIC SPECIES TO SUPPORT THE
DEVELOPMENT OF A NONLINEAR CANCER DOSERESPONSE MODELING APPROACH

P. R. Gentry1, T. McDonald1, D. Sullivan1, J. Yager2, K. S. Crump1 and H. J.
Clewell3. 1ENVIRON International Corp., Ruston, LA, 2EPRI, Palo Alto, CA and
3
CIIT, Research Triangle Park, NC.
Inorganic arsenic acts as both a carcinogen and a cancer therapeutic in humans, yet
an animal model for the carcinogenic effects of arsenic remains elusive. This curious
behavior has prompted the collection of extensive data on the genomic effects of arsenic compounds. A mode of action based on these genomic interactions could potentially support an alternative to the current linear low dose risk assessment, but
the dose-responses for these interactions have not been well characterized. In this
effort, a comprehensive literature search was conducted that identified more than
400 studies containing quantitative information on the response of genes or proteins following exposure to arsenic compounds. This information was organized by
arsenic compound, dose/concentration, species, and tissue/cell type, to characterize
the dose-response for the interactions of arsenic with cell signaling pathways. The
results of our analysis support a multi-pathway, dose-dependent mode of action for
the carcinogenicity of arsenic. At sub-micromolar concentrations, arsenic treatment
is associated with adaptive responses, including alterations in signal pathways associated with oxidative stress and proliferative signaling. At higher concentrations, arsenic treatment is associated with inhibition of DNA repair and alterations in signal
pathways associated with cell cycle delay and apoptosis. The inferences derived
from this experimental data have been used to design a genomic dose-response
study that compares in vivo and in vitro genomic responses in the mouse bladder
with in vitro responses in human bladder cells. This quantitative genomic data will
be used in a biologically based dose-response modeling approach to support a nonlinear risk assessment for arsenic.

2183

IS INORGANIC ARSENIC A CANCER RISK AT LOW
DOSES?

K. G. Brown. KBinc, Chapel Hill, NC. Sponsor: J. Tsuji.
Current estimates of the potential bladder and lung cancer risk from low arsenic
concentrations in drinking water have relied on dose-response assessment of a database in southwestern Taiwan endemic to Blackfoot disease. The exposure data,
however, are ecological, i.e., cancer mortality cannot be matched with arsenic exposure on an individual basis, just grouped by village. Unfortunately, tests of arsenic
concentrations for wells used for drinking water sometimes varied widely within
the same village, or only one well test was reported for a village. The implications
for low dose estimation within the S.W. Taiwan study region, and hence for the
U.S. and elsewhere, are examined. It is concluded that (1) cancer mortality, adjusting only for age and gender, is poorly predicted from the arsenic exposure data,
even from villages with single wells, (2) imposing a comparison population from a
neighboring region likely has a biasing effect. The S.W. Taiwan data base is inadequate to establish whether there is a cancer risk at low doses found in the U.S.
Studies in the U.S. and low-dose regions elsewhere may be better for examining
that objective.

2184

META-ANALYSIS OF LOW LEVEL ARSENIC EXPOSURE
AND BLADDER CANCER: IMPLICATIONS FOR RISK
ASSESSMENT IN THE UNITED STATES

P. J. Mink1, D. D. Alexander2, L. M. Barraj3, M. A. Kelsh4 and J. S. Tsuji5.
1
Health Sciences Group, Exponent, Inc., Washington, DC, 2Health Sciences Group,
Exponent, Inc., Wood Dale, IL, 3Food and Chemicals Group, Exponent, Inc.,
Washington, DC, 4Health Sciences Group, Exponent, Inc., Menlo Park, CA and
5
Health Sciences Group, Exponent, Inc., Bellevue, WA.
The U.S. EPA recently reevaluated the cancer slope factor for assessing risks associated with inorganic arsenic based on recommendations of a 2001 NRC panel. This
risk assessment relies on data from a series of studies conducted in southwestern
(SW) Taiwan, a region with high arsenic levels in wells. Levels of inorganic arsenic
in U.S. drinking water are typically much lower. We conducted a review and metaanalysis of the relevant epidemiologic case-control and cohort studies to examine
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the association between exposure to low levels of arsenic in drinking water and
bladder cancer, and whether the relative risks from these studies are within the
range predicted by the dose-response curves based on the SW Taiwan data. Meta
analysis of 8 studies improved the precision of individual study RR estimates, and
found no significant association (meta relative risk [mRR] = 1.1; 95% confidence
interval, [CI]: 0.95-1.3). Results for never smokers were homogeneous, below 1.0
(mRR = 0.8; 95% CI: 0.6-1.1), and significantly below the National Research
Council’s (NRC) range of predicted values of 1.2-2.5 for the RR of bladder cancer
at 50 ppb arsenic in drinking water exposure based on models derived from SW
Taiwan data. Results for ever smokers were heterogeneous, with a mRR of 1.2
(0.99-1.56). These results raise further questions about the accuracy and applicability of current estimates of cancer risk in the U.S. due to inorganic arsenic in drinking water, particularly for never smokers, based on the study in SW Taiwan for
which ecological exposure and other limitations are issues. This meta analysis also
illustrates how data from epidemiologic studies can be used to validate dose-response models and cancer risk assessments based on single studies.

2185

USE OF BENCHMARK DOSE METHODOLOGY ON
HUMAN NONCANCER DATA TO DEVELOP HEALTH
PROTECTIVE CRITERIA FOR CHILD EXPOSURES TO
ARSENIC

J. P. Brown, J. F. Collins, A. G. Salmon, M. A. Marty and G. V. Alexeeff. Office
of Environmental Health Hazard Assessment, California Environmental Protection
Agency, Oakland, CA.
We analyzed by benchmark dose (BMD) methodology several studies associating
arsenic exposure via drinking water with a variety of adverse human health effects
observed in childhood. While BMD analyses of animal data usually equate the
LED05 (BMDL05) with a no observed adverse effect level (NOAEL), in the case of
the child studies reporting neurobehavioral or cognitive deficits, BMDLs in the one
to five percent response range were found to be equivalent to the lowest observed
adverse effect levels (LOAELs). Health protective drinking water and air concentrations were estimated using standard conversion factors, exposure parameters and
uncertainty factors (UFs) specific for children. For drinking water the health protective levels and endpoints in respective age groups were: 14.9 ug As/L for visual
perception in 6-9 yr olds; 1.0 ug/L for IQ in 6-9 yr olds; 0.15 to 1.0 ug/L for neurobehavioral effects in 13 yr olds; and 0.08 ug/L for intellectual function in 10 yr
olds. The comparable value for skin lesions in children up to 9 yr of age was 3.9
ug/L. With the exception of effects on visual perception, all of the health protective
values based on the BMDL/UF approach were well below current regulatory control concentrations in drinking water, e.g., the 10 ug/L MCL of U.S.EPA. Risk-specific doses were also calculated for the 1 x 10-4 risk level assuming a linear low dose
response, as an alternative approach to the UF method. The 1 x 10-4 risk level was
chosen as a de minimis noncancer risk since it is unlikely that a health effect will be
detectable even in a large human study. Water values based on 1 x 10-4 extra risk
were 10 to 20 fold lower than the values noted above. Inhalation values derived by
the BMDL/UF approach were generally higher than OEHHA’s noncancer chronic
inhalation criterion (cREL) of 0.03 ug/m3 whereas those based on 1 x 10-4 extra
risk bracketed the cREL.

2186

DMAV–INDUCED BLADDER TUMORS: UNIQUE RAT
SUSCEPTIBILITY

A. Schoen1, M. Eldan2, J. E. Goodman1 and B. D. Beck1. 1Gradient Corporation,
Cambridge, MA and 2Luxembourg Industries (Pamol) LTD., Tel Aviv, Israel.
At high doses, dimethylarsinic acid (DMAV) induces bladder tumors in rats with a
nonlinear dose-response relationship. It is of interest to examine the species-specific
toxicokinetics and toxicodynamics of DMAV in order to assess the relevance of rat
bladder tumors to humans. We analyzed the currently available scientific literature
(inclusive of both animal and humans studies) and determined that the toxicokinetics of DMAV in rats differs from those in other species, including humans, in a
number of respects. In particular, rats metabolize DMAV to trimethylarsine oxide
(TMAO) (generating toxic DMAIII as a metabolic intermediate) more than other
species. Additionally, rats retain more DMAV in their red blood cells, which leads
to a longer half life. In contrast, studies in mice, hamsters, and humans show that
these species excrete ingested DMAV rapidly, without further metabolism. These
toxicokinetic differences between the rat and other species translate into differences
in the sensitivity to DMAV-induced carcinogenicity. Additionally, based on in vitro
studies in epithelial bladder cells, DMAV and DMAIII are cytotoxic to human and
rat bladder cells at similar concentrations, with some evidence of human cells being
less sensitive. We conclude that based on the high doses used in rat studies, and rathuman differences in the toxicokinetics and toxicodynamics of DMAV, bladder tumors observed in rats are not relevant to cancer risk of DMAV in humans at plausible exposures.
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2187

EFFECT OF ARSENIC AND DIELDRIN MIXTURES IN
FEMALE RATS

L. Ogden1, T. Graham2, T. Datiri1, M. Mansour1, R. Dalvi1 and L. Billups2.
1
Biomedical Sciences, Tuskegee University, Tuskegee, AL and 2Pathobiology, Tuskegee
University, Tuskegee, AL. Sponsor: M. Mumtaz.
The objective of this study is to identify potential toxic effects of sodium arsenite
(As) and dieldrin (Ded) mixtures in 60 day old female rats using various parameters. After acclimation, rats were randomly assigned (10/group) and dosed by oral
gavage with As-Ded-mixtures as follows: Group 1 [0-0], Group 2 [0.25-0.187],
Group 3 [0.50-0.375], Group 4 [1.0-0.75], Group 5 [2.0-1.50], and Group 6 [4.03.0] mg/kg/day for 30 days. Biweekly body weights, weekly feed consumption,
clinical observations, hematology, clinical chemistry, absolute and relative organ
weights and hormones were documented. Randomly selected liver samples were
evaluated for biochemical endpoints.
Mortalities (30%) occurred only in group 6. Abnormal clinical observations noted
in this group include rapid respiration (3/10), soiled fur(2/10), arched back and
crouched posture(3/10), abnormal reaction to approach(4/10),tremors of the head
and neck(2/10) and paresis(3/10). After the first week, there was a trend toward decreased feed consumption in As-Ded exposed rats; which was significantly lower
only in group 6. Also, in this group the body weight significantly decreased after
the first week and persisted through the 3rd week. A similar decline in body weight
occurred in group 6 between 1.5 and 3 weeks. Significant increases occurred in the
amylase levels (groups 5 and 6) and in the BUN (group 5). Absolute and relative
liver weights increased in groups 5 and 6. Also there were significantly increased
liver Cyp1A1 (group 6) and CYP2B1 in the groups (5 and 6). There was a trend towards lower T3 levels in all treated groups and the difference was significant in all
except the 3rd group. Lesions included congestion (brain and GI), hyperemia, and
ulceration of the stomach in group 6. These data show that As-Ded mixtures affected multiple organ systems with significant toxic effects on the liver, T3 levels
and the nervous system. (Supported by MHPF/ATSDR Cooperative Agreement #
U50/ATU473408-01).

2188

ASSESSMENT OF SOLUBILITY AND BIOACCESSIBILITY
OF BARITE IN MINE-IMPACTED SOILS

S. S. Shock1, Y. W. Lowney2, L. D. Peterson2, B. A. Bessinger3 and M. R.
Garry1. 1Exponent, Bellevue, WA, 2Exponent, Boulder, CO and 3Exponent, Lake
Oswego, OR.
Barium is a heavy metal to which human and animal receptors may be exposed in
various settings. The form of barium present is an important factor in its availability for uptake by these receptors. Barite (barium sulfate) is a naturally occurring
mineral form of barium. Barite-impacted soils occur in association with mining operations, where barite is a component of the ore. The bioavailability of barium is of
interest in assessing exposure and risk to human health or to animal receptors that
may come in contact with barite-impacted soils. Barite (BaSO4) shares the same
stoichiometry and crystalline structure as anglesite (PbSO4). Starting with the paradigm that was established in the development of the now-validated in-vitro
methodologies for assessing relative oral bioavailability of lead, we have investigated
the parameters that control solubility and bioaccessibility of barium in barite-impacted soils. Results indicate that the solubility and bioaccessibility of barite in
mine-impacted soils differ from default values used in risk assessment. This information should allow improvement of the accuracy of assessing exposure to barium,
and thus of risk assessments for human and ecological receptors at mining sites.

2189

DEVELOPMENT OF PUBLIC HEALTH GOALS FOR
COPPER AND 2,3,7,8-TCDD IN DRINKING WATER

M. Sullivan, R. A. Howd and A. M. Fan. OEHHA, Cal/EPA, Oakland, CA.
OEHHA conducts risk assessments to develop California public health goals
(PHGs), which provide a health basis for the state Maximum Contaminant Levels
for chemicals in drinking water. Our review of recent literature on copper reveals
strong evidence for concern about gastrointestinal effects in children at levels close
to those commonly found in drinking water. We have proposed a PHG of 100
µg/L for copper based on a drinking water study in Chilean infants. OEHHA selected this study because it directly addresses the sensitive subpopulation of concern
(children under 10 years of age), and California law requires OEHHA to consider
susceptibility of infants and children in PHG development. The proposed PHG incorporates a minimal uncertainty factor (10-fold) from the no-observed-adverse-effect level and a relative source contribution of 100 percent, because formula-fed infants consume an almost exclusively water/milk-based diet. Adequate copper is
available through food to meet the dietary requirements for copper, so limiting levels in water will not cause copper deficiency. For 2,3,7,8-tetrachlorodibenzo-pdioxin (TCDD), a new NTP chronic oral gavage study in rats was used to develop
a multi-site oral cancer potency of 2.6 x 10-2 (ng/kg-day)–1. OEHHA relied on

body burden (BB), as opposed to daily intake, as a dose metric, due to a 100-fold
difference in TCDD half-life in humans vs. rats. Human equivalent doses were calculated from the rat adipose tissue levels in the NTP study. A PHG of 1 pg/L was
proposed for TCDD based on the upper bound of a 10-6 lifetime excess cancer
risk. A health-protective value for noncarcinogenic effects was estimated to be 7
pg/L based on amyloidosis and dermatitis in mice. BB was not used as the dose
metric for the noncancer value because the relationship between tissue concentrations and BB in short-term studies may differ from the steady state conditions. The
proposed PHGs for both of these chemicals use new studies and derivations, on
which we invite comment.

2190

HUMAN HEALTH-BASED EVALUATION OF CHEMICAL
EXPOSURES FROM ACQ-TREATED WOOD
C. A. Cushing1, Y. W. Lowney1, R. J. Golden2 and S. E. Holm3. 1Exponent,
Boulder, Co., 2ToxLogic, LLC, Potomac, MD and 3Georgia-Pacific Corporation,
Atlanta, GA.
Ammoniacal copper quaternary Type D (ACQ) is a chemical that is currently being
used as a preservative to treat wood for prevention of rot and decay. Numerous
other chemicals, such as creosote, pentachlorophenol (PCP), and chromated copper arsenate (CCA), have also been used for the same purpose, but concern has
been raised regarding potential health effects that might result from exposures to
these chemicals, particularly in children. Exposure to these chemicals might occur
as wood weathers naturally, with subsequent potential dermal contact or incidental
ingestion of residues on the surface of the wood. To understand any potential for
health risks to children from the use of ACQ-treated wood, a health-based evaluation was undertaken on the primary constituent components of ACQ, which are
copper, didecyl dimethyl ammonium carbonate (DDAC), 5-chloro-2-methyl-4isothiazolin-3-one (MCI), and 2-methyl-4-isothazolin-3-one (MI). For the components other than copper, there are no formalized EPA IRIS toxicity values, although
extensive toxicity data are available. Therefore, for this evaluation, health-based toxicity benchmarks were derived from a review of the existing toxicity data. The exposure assessment was based on the methods developed by the Consumer Product
Safety Commission (CPSC) in their evaluation of the potential for children’s exposure to arsenic from CCA-treated wood. This approach entailed wipe testing the
surface of treated wood to determine the amount of chemical that might be removed from the wood, and estimating the amount of chemical that a child might
contact via the dermal route or incidental ingestion through hand-to-mouth activities. All calculated exposure estimates were well below the toxicity benchmarks.

2191

CHILD-SPECIFIC HEALTH GUIDANCE FOR LEAD
J. Carlisle and K. C. Dowling. Office of Environmental Health Hazard Assessment,
California Environmental Protection Agency, Sacramento, CA. Sponsor: G. Alexeeff.
Pursuant to California law, the Office of Environmental Health Hazard Assessment
(OEHHA), under its children’s environmental health program, is mandated to develop numerical health guidance values to assess the risks of chemicals in the school
environment. OEHHA has identified lead as a priority toxicant for assessment of
children’s health impacts. Fetuses, neonates, and children are more vulnerable to the
effects of lead than adults because of the greater sensitivity of the developing nervous system. In addition, young children experience higher exposures than adults
due to their 1) greater food and water consumption and breathing rates in proportion to their body size, 2) tendency for hand-to-mouth behavior, 3) increased contact with floor spaces and the outdoors, and 4) higher relative absorption of ingested lead. Recent studies have demonstrated neurobehavioral deficits at blood
lead concentrations lower than previously reported. OEHHA has utilized published data (most notably Lanphear et al., 2005 and 2000; Canfield et al., 2003;
and Emory et al., 2003) to develop a slope relating full-scale I.Q. to concentrations
of lead in the blood of pre-school and school-age children, and used this slope to
develop an draft upper-bound estimate of –1 I.Q. point for each 1.2 µg/dl increase
in blood lead. One I.Q. point is taken as an indicator of minimal adverse effects on
cognitive function (benchmark response) and 1.2 µg/dl is the corresponding
benchmark dose. OEHHA proposes that the resulting draft Reference
Concentration for school and preschool children (chRC) include a relative source
contribution of 0.5, to take into account multiple exposure sources in special subgroups of children.

2192

PREDICTING BLOOD LEAD LEVELS WITH IEUBK:
OVER-PREDICTION AT MODERATE SOIL LEAD
LEVELS?
R. W. Freeman1, J. K. Britt1, C. Halmes2, J. A. Kind1 and R. C. James1.
1
TERRA, Inc., Tallahassee, FL and 2TERRA, Inc., Denver, FL.
The U.S. Environmental Protection Agency’s (EPA) Integrated Exposure Uptake
Biokinetic (IEUBK) model has been used for the last decade as a screening tool for
assessments of the safety of environmental exposures to lead in small children. Site-

specific lead exposure levels (soil, air, diet, etc.) are input into the model to predict
population parameters (e.g., geometric mean blood lead, percent greater than cutoff ) for age groups of children between 0 and 7 years. We compared IEUBK-predicted blood lead levels for 1 to 2 year olds using IEUBKwin32 (v. 1.0) to a model
of lead exposure based on empirical data (Lanphear et al., 1998; Environ. Res. Sec.
A 79:51-68). If soil and dust lead levels equivalent to Lanphear’s data were input
into the IEUBK model, blood lead levels predicted by either model were comparable through soil lead levels up to 500 ppm. However, at soil lead levels above 500
ppm, the IEUBK over-predicted blood lead levels and the divergence increased
with increasing soil and dust lead. At 500 ppm soil lead, the rate of change of blood
lead (µg/dL per 100 ppm soil lead) for the IEUBK model was about 3-fold higher
than Lanphear’s empirical model. At 2000 ppm soil lead the rate of change was
about 5-fold higher for the IEUBK model. Based on this we conclude that the
IEUBK model may overstate possible risk at soil lead concentrations above what
EPA considers as a default residential exposure guideline.

2193

HEALTH RISK ASSESSMENT FOR INDUSTRIAL
WORKERS USING AREA WEIGHTED STATISTICS TO
ASSESS SOIL LEAD AND ARSENIC EXPOSURE

R. J. Welsh and S. Leppert. Leppert Associates, Inc., Golden, CO.
An area weighted statistical technique was used at a railyard, in place of traditional
/ relatively simple USEPA OSWER statistical methods, to redefine and reduce surface soil sub-areas of the railyard requiring remediation under a RCRA Corrective
Action. The remediation goals were defined using a site-specific industrial worker
exposure scenario health risk assessment. The surface soils were contaminated by arsenic, lead, and polycyclic aromatic hydrocarbons (PAHs). The 95% upper confidence limit on the “area-weighted” arithmetic means were use to evaluate various
soil excavation scenarios by substituting clean fill constituent concentrations for select sample locations.
We are often uncomfortable assuming that each data point has equal influence
within these decision models, particularly when the focus of the data collection
(i.e., sample density) is toward “hot-spots” or otherwise biased sampling schemes.
When available data is irregularly or unevenly spaced, a defensible and reproducible
technique is desired to assign a weight to each data point. Commonly, weighting by
the area or volume representing each sample is warranted.
The approach is simple in concept. Each data point is assigned an area or grid (an
area-of-influence polygon). The size of the each grid is then is then applied the sample analytical result to give an area weighted concentration (with the site being
100% of the area). Thus, sampling points for large areas are weighted higher than
sampling points with smaller areas. LAI generated a software code to define the
area-of-influence polygons and then compute the statistical outputs (e.g., 95%
upper confidence limit on the “area-weighted” arithmetic mean). Mining engineers
commonly use these simple but elegant geometric techniques that employ the basic
principles of polygon tessellation to generate area-of-influence polygons. The technique effectively divides a prescribed site into irregular polygons defined by bisecting the distance between neighboring sample locations.

2194

A QUANTITATIVE COMPARISON OF DOSE-RESPONSE
MODELS FOR METHYLMERCURY AND
NEUROBEHAVIORAL DEVELOPMENT

C. D. Carrington and M. Bolger. Center for Food Safety and Applied Nutrition,
USFDA, College Park, MD.
The relationship between mercury levels in maternal hair as a surrogate of
methylmercury exposure and neurobehavioral measures in children have been the
subject of many different dose-response modeling exercises. These different doseresponse analyses reflect many of the differences in approach that may be taken to
dose-response modeling for methylmercury, as well as other toxicants. These differences may be grouped into four general categories: 1) Different analyses have used
one or more epidemiological cohorts from four different locations: Iraq, New
Zealand, Seychelles, and Faroe Islands. 2) Diferent analyses have used different
measures to characterize the response, only some of which are standardized IQ
measures. 3) Different mathematical models have been used to characterize the
dose-response relationship, which included linear, supralinear, and sublinear models. 4) The basis of the confidence intervals included have reflected sampling error,
variation among studies, variation across response measures, and model uncertainty, or some combination of these source of uncertainty. When combined with
a methylmercury exposure model, all of these differences in approach had some impact on the quantitative estimates of methylmercury effect in the U.S. population.
However, the variations among the dose-response modeling efforts with the most
significant impact were: 1) results of the New Zealand cohort suggest larger effects,
2) the use of a supralinear model generates estimates that are clearly unrealistic at
both low and high doses, and 3) representation of model uncertainty with inclusion
of sublinear models increases the likelihood of predicted effects at or near zero.
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2195

EVALUATION OF THE POSSIBLE TOXICOLOGICAL
INTERACTION OF LEAD AND MERCURY FOR USE IN
RISK ASSESSMENT

B. D. Beck1, T. A. Lewandowski2 and J. W. Yager3. 1Gradient Corporation,
Cambridge, MA, 2Gradient Corporation, Seattle, WA and 3Electric Power Research
Institute, Palo Alto, CA.
More information is needed concerning the toxicological effects of joint exposures
to different chemical agents. This is true for both lead (Pb) and methyl mercury
(MeHg), two chemicals of particular concern for brain development. Humans may
be exposed to Pb and MeHg simultaneously and it is therefore of interest to determine whether their toxicological interaction is additive, antagonistic, or synergistic,
and how the nature of the interaction may change with dose. We have reviewed the
available toxicological literature for studies that included exposures to Pb and
MeHg, both individually and in combination. We identified only 10 studies which
had these characteristics and were studies involving whole organisms rather than in
vitro systems. These studies evaluated toxicokinetics, renal or liver toxicity, or developmental effects. Doses for both chemicals were in the range of 1 to 100 mg/kg,
well above anticipated human exposure levels. None evaluated effects on neurological development, the key endpoint of interest. We conclude that an understanding
of the nature of possible toxicological interaction between Pb and MeHg cannot be
derived from empirical data involving joint administration, but must be based on
an understanding of basic toxicological mechanisms. We are therefore evaluating a
larger group of studies involving exposures to each compound individually using
the same experimental design. We are investigating whether the effects observed
(e.g., localized tisue distribution, effects on neurotransmitter function, performance on particular behavioral tests, etc.)indicate that interaction is plausible, even if
data are insufficient to determine the nature of the interaction. The result of this
work will be lists of overlapping endpoints suited to different levels experimentation (e.g., in vitro, histologic, morphometric, behavioral). These will in turn be
used to develop a set of recommendations concerning future research priorities to
determine the possible nature of the Pb-MeHg interaction.

2196

PLATINUM HYPERSENSITIVITY: A PROTOTYPE FOR
ASSESSING THE HEALTH RISKS FROM EXPOSURE TO
LOW MOLECULAR WEIGHT CHEMICAL RESPIRATORY
SENSITIZERS IN AMBIENT AIR

A. A. Rooney1, D. J. Williams2 and M. K. Selgrade3. 1NCEA, USEPA, Research
Triangle Park, NC, 2NCSU, Raleigh, NC and 3NHEERL, USEPA, Research
Triangle Park, NC.
Halogenated platinum (Pt) compounds are low molecular weight (LMW) respiratory sensitizers associated with occupational asthma in both Pt refinery workers and
factory workers involved in the production of catalytic converters. In areas with
high traffic density, the concentration of Pt in ambient air has risen since the introduction of the catalytic converter. The level of Pt is likely to remain elevated due to
ongoing use of Pt in catalytic converters and the potential use of Pt as a fuel additive to reduce particulate emissions from diesel engines. Although there is the potential for widespread exposure to airborne Pt, the risk of respiratory sensitization
to Pt depends on a range of issues specific to respiratory sensitization. Pt hypersensitivity illustrates fundamental issues to be considered in the risk assessment of respiratory sensitizers including: 1) the distinctions between hypersensitivity and allergy to LMW compounds compared with proteins; 2) the question of
dose-response and thresholds for sensitization and for elicitation; 3) the role (or
lack thereof ) of immunoglobulin E (IgE) in the hypersensitivity response to LMW
compounds and the resulting implications for appropriate measures of a positive response; 4) the consideration of previously sensitized individuals; 5) the role of differing sensitivity to a range of Pt compounds; 6) the importance of risk factors (especially atopy or genetic predisposition); 7) the potential for cross-reactivity to
other chemicals (in this case platinum group metals); 8) the adjuvant effects of concomitant exposure to other air pollutants; and 9) the issue of recovery or persistence
of hypersensitivity. Incomplete information on the above issues increases uncertainty and has been an impediment to using hypersensitivity as the critical endpoint
in risk assessment. (The views expressed in this abstract are those of the authors and do
not necessarily reflect the views or policies of the U.S. Environmental Protection Agency).

2197

EVALUATING TOXIC MODE OF ACTION OF
ORGANOTIN PLASTIC STABILIZERS: ASSESSING
HEALTH RISKS OF MIXTURES

J. C. Lambert1 and J. C. Lipscomb2. 1Oak Ridge Institute for Science and
Education, Cincinnati, OH and 2ORD, NCEA, USEPA, Cincinnati, OH.
The use of organotin compounds in drinking water delivery systems results in
human exposure to mixtures of mono- and di-substituted methyl and butyl tins.
Single chemical toxicity data from rodents suggest that human exposures to these
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compounds may impair the immune, nervous, and/or reproductive systems. A critical aspect of chemical mixtures risk assessment is identification of the mode(s) of
action of the components of concern. Since no data are available on this mixture, or
on a similar surrogate mixture, evaluating the mode of action for each compound is
required. Some data exist for each of the four compounds in each of the identified
sensitive tissues. Dose-response data suggest toxic potency in the order:
dibutyltin»dimethyltin>monomethyltin>monobutyltin. At lower doses, toxicities
include thymic injury and atrophy, natural killer cell dysfunction and death, and
decreased neuronal development and increased cell death. At higher doses, fetal abnormalities, decreases in initiation and maintenance of pregnancy, and increased
organ tissue injury (e.g. liver, kidney) are observed. Unless data are available to indicate an interaction of the risks from these chemicals, a subsequent risk assessment
will be based on the assumption of additivity, and a component-based approach
taken. In that case, either dose addition (i.e., relative potency factor approach) or
response addition will be selected, based upon the degree of similarity or independence of their modes of action. The success of a mixtures risk assessment depends
heavily on description of modes of action for component chemicals. Thus, the application of mode of action information for organotins greatly impacts the decisions made in the risk assessment for this chemical mixture.

2198

ZINC: EVALUATION OF TOXICITY VS. ESSENTIALITY

C. Smith1, N. Roney1, M. Williams1, M. Osier2 and H. Abadin1. 1Agency for
Toxic Substances and Disease Registry, Atlanta, GA and 2Syracuse Research Corp,
Syracuse, NY.
Zinc is an essential nutrient that is necessary for the function of a large number of
metalloenzymes, including alcohol dehydrogenase, alkaline phosphatase, and erythrocyte superoxide dismutase (ESOD). The recommended dietary allowance for
zinc is 11 mg/day in men, 8 mg/day in women, and 12 mg/day in pregnant or lactating women. Zinc deficiency has been associated with dermatitis, anorexia,
growth retardation, impaired immune function, and depressed mental function.
High intakes (2–8 mg/kg/day) have been associated with gastrointestinal effects
such as vomiting, abdominal cramps, and diarrhea. Longer-term exposures to lower
doses (~0.5–2 mg/kg/day) generally result in symptoms of copper deficiency due to
a decreased absorption of copper from the diet; the most noticeable manifestation
of copper deficiency is anemia which has been reported at ~2 mg/kg/day. At low
dose, intermediate exposure durations (~0.7–0.9 mg/kg/day; 6-13 weeks), the effect is minor and manifests as subclinical changes in copper-sensitive enzymes, such
as ESOD. As a result, ATSDR derived an intermediate-duration minimal risk level
based on the study by Yadrick et al. (1980) who reported subclinical changes in
copper status (decreased ESOD levels) and iron status (decreased ferritin levels) in
women exposed to 0.83 mg supplemental zinc/kg/day. The observed effect was
considered to be a precursor event to the more severe symptoms seen with zinc-induced copper deficiency; therefore, the 0.83 mg zinc/kg/day dose was considered to
be a NOAEL and divided by an uncertainty factor of 3 to account for human variability. The resulting intermediate-duration MRL of 0.3 mg/kg/day was also
adopted for chronic-duration exposure. The MRL is calculated based on the assumption of healthy dietary levels of zinc (and copper), and represents the level of
exposure above and beyond the normal diet that is believed to be without an appreciable risk of toxic response.

2199

HUMAN HEALTH RISK ASSESSMENT OF METALS
EXPOSURE THROUGH SUBSISTENCE FOODS
CONSUMPTION AND SUBSISTENCE HARVEST
ACTIVITIES NEAR A MINING TRANSPORT ROAD IN
NORTHWEST ALASKA

M. R. Garry1, 2, S. S. Shock2, L. J. Yost2, J. Kulas3 and W. J. Shields2.
1
Environmental and Occupational Health, University of Washington, Seattle, WA,
2
Exponent, Bellevue, WA and 3Teck Cominco, Anchorage, AK.
Historical transport of ore concentrate over a 50-mile haul road from the Red Dog
zinc/lead mine in northwest Alaska to a seaport has been associated with elevated
lead levels on moss growing near the road, and with concerns regarding subsistence
foods. As part of a comprehensive evaluation of potential impacts to human health
and the environment associated with metals released during overland transport of
ore concentrate, a human health risk assessment was conducted. Screening procedures identified six chemicals of potential concern to human health: antimony, barium, cadmium, lead, thallium and zinc. Exposure to site related metals through
subsistence food consumption, water ingestion, and incidental soil ingestion was
evaluated for three scenarios: child subsistence use, adult subsistence use, and adult
combined occupational and subsistence use. The risk assessment used local subsistence food consumption data and subsistence harvest area information, along with
metals concentrations from soil, water, caribou, fish, ptarmigan, berries, and sourdock collected on or near the road and port. The results indicate that risks associ-

ated with subsistence food consumption and harvest activities are well within acceptable limits for each of the three scenarios. These results are consistent with previously reported results from subsistence foods investigations of local caribou,
berries, and sourdock, which suggested metals concentrations in these foods are
similar to background levels. It is therefore recommended that no limitations on
subsistence harvest are necessary at the site. Furthermore, although harvesting is
off-limits in the restricted areas extending out from the road and port, human
health risks are not elevated even when data from the restricted areas are included.
Nevertheless, because this is an active mine site and conditions may change over
time, a focused monitoring program will continue.

2200

IN VITRO TOXICITY ASSESSMENT OF SILVER
NANOPARTICLES IN RAT ALVEOLAR MACROPHAGES

C. Carlson, S. M. Hussain and J. J. Schlager. Applied Biotechnology Branch,
Human Effectiveness Directorate, Wright Patterson Air Force Base, Wright-Patterson
AFB, OH.
This study was conducted to assess the toxicity of nanosized silver particles (Ag15nm, 30nm and 55nm) in rat alveolar macrophages. For toxicity evaluations, cellular morphology, mitochondrial function (MTT assay), cell viability (LDH assay)
and reactive oxygen species generation (ROS) were assessed at 6h and 24h under
control and exposed conditions (doses?). The morphological appearance of control
and exposed cells were observed by phase contrast microscope and the uptake of
nanoparticles was also observed using the CytoViva Ultra Resolution Imaging
(URI) system. The morphology of cells exposed to silver nanoparticles displayed
abnormal size and irregular shape. It was also noted that agglomerates of nanoparticles were surrounded by macrophages; some attached to the cell membrane.
Further analyses of Cytoviva images exhibit the uptake of agglomerates into
macrophages. The results of the biochemical studies revealed that cells exposed to
Ag-15nm and 30nm for 24h showed a dose-dependent decrease in mitochondrial
function. Calculated EC50 values from MTT data indicate that Ag-15nm and Ag30nm are more toxic at lower concentrations when compared to Ag-55nm. In correlation with decreased mitochondrial function and subsequent lack of ATP production, cell viability assays also demonstrated a sizeable decrease in the number of
viable cells exposed to Ag-15nm and 30nm, including the lowest dose (5µg/ml).
ROS date further supported a size and dose dependent relationship, with a 15.16
fold increase in ROS generation at 50 µg/ml of Ag15nm. In conclusion, MTT,
LDH and ROS data, reveal particle size is a potential factor in assessing toxicity and
Ag-15nm is found to be the most toxic when compared to larger nanoparticles
(30nm and 55nm). The study also suggests that silver nanoparticles likely induce
oxidative stress as a mechanism of toxicity in macrophages.

2201

APPROACHES FOR RISK ASSESSMENT OF
NANOMATERIALS: “INERT” METAL OXIDES

J. S. Tsuji1, F. S. Mowat2 and R. S. Kaetzel1. 1Exponent, Bellevue, WA and
2
Exponent, Menlo Park, CA.
Although risk assessment of nanomaterials is in its infancy, initial approaches can be
considered for products containing “inert” metal oxides (e.g., titanium dioxide,
zinc oxide; so called inert because of low toxicity relative to other metals), for which
some exposure and toxicty data exist. The proposed methodology illustrates how
these data can be used to assess the risk of nanoscale metals in consumer products.
Inert metal oxides have been used in a variety of products (plastics, coatings, sunscreens and even foods) and nanoscale applications are increasing. Exposure to
nanoparticles in products from synthesis to disposal begins with worker exposures
during particle production and with plant emissions and discharges. Exposures to
free nanoparticles during manufacturing can be managed by handling the product
in a liquid slurry and mixing within enclosed vessels. Assessment of consumer exposure involves materials science analysis of the ability of the product matrix to retain nanoparticles during use, weathering, or wear. Risks from free nanoparticle exposure may be assessed using toxicity estimates of nanoscale inert metal oxides
based on specific studies (e.g., lung inflammation in rodents from titanium dioxide
P25), as well as by relating their toxicity to those of other nanosubstances (e.g.,
quartz, ultrafine particles) or fine scale versions. The pulmonary toxicity of some
forms of fine scale and nanoscale titanium dioxide may be relatively equivalent
based on a surface area-adjusted dose. Past workplace exposures have included
nanoscale particles (e.g., zinc oxide metal fume); thus, studies of workers help support assessments of effects in humans (e.g., metal fume fever, irritation, but not
cancer). Human data are also available from a few short-term inhalation studies and
dermal research for sunscreen and cosmetic uses. Emerging findings for many products containing inert metal oxides indicate that exposures to free nanoparticles can
likely be assessed and managed to prevent adverse effects.

2202

COMPARATIVE SOLUBILITY OF NANOPARTICLES
AND BULK OXIDES OF MAGNESIUM IN WATER AND
LUNG SIMULANT FLUIDS

J. A. pickrell1, S. Castro2, G. Gakhar1, K. J. Klabunde3, E. Hayden1, S.
Hazarika1, F. W. Oehme1 and L. E. Erickson2. 1Diagnostic Medicine/Pathobiology,
Kansas State University, Manhattan, KS, 2Chemical Engineering, Kansas State
University, Manhattan, KS and 3Chemistry, Kansas State University, Manhattan, KS.
Nanoparticles, < 100 nanometers, can clean airborne particles such as smoke from
the air. If sufficiently small, inhaled particles can deposit in the deep lung, evade
phagocytosis and move to the interstitial space of the lung. If insoluble, nanoparticles can remain in the interstitial lung space as a chronic source of irritation and potential injury. Because nanoparticles have greater amounts of their mass on the surface, we hypothesized that dissolution of particles of nanomaterials would be more
rapid than conventional dust particles. To verify this hypothesis, we investigated the
solubility and the rate of dissolution of oxides of magnesium (MgO). We compared
the relative solubility of magnesium (nanoactiveTM MgO (NATMMgO) and
nanoactiveTM MgO plus (NATM MgO plus) (NanoScale Materials Inc,
Manhattan, KS) to that of conventional MgO (MC MgO). These materials were
added to three 1 liter acid washed glass beakers and the contents continuously
stirred by magnetic teflon stir bars. Solvents were deionized water, Hank’s Balanced
Salt Solution (HBSS; Sigma-Aldrich) and Dulbecco’s Modified Eagle’s medium
with low glucose (DMEM, Invitrogen). Dissolved magnesium was measured using
ICP-AES; Accuris-141, Fisons Instruments, Beverely, MA). Short-term (20
minute) solubility of all 3 oxides of magnesium was correlated to the bicarbonate
concentration of simulant fluids (p< 0.001): DMEM >> HBSS > Distilled water
The results suggest that the dissolution would be relatively rapid for the MgO particles deposited in deep lung that completely avoided macrophage phagocytosis and
moved to the interstitial portion of the lung. Risks of health effects would be minimal. Nanomaterials of MgO dissolved in only slightly greater amounts than did
conventional MgO.. Supported by the Department of Defense, US Marine Corps,
Quantico, VA

2203

FOOD SAFETY AND SECURITY: REGULATORY AND
INDUSTRY SAFEGUARDS

J. Vodela and H. L. Walker. Residue Branch, USDA/FSIS, Washington, DC.
Throughout human history, there have been many threats to the security of nations. These threats have brought about large-scale losses of life, the destruction of
property, widespread illness and injury, the displacement of large numbers of people, and devastating economic loss. Bioterrorism, Germ warfare and Chemical
agents. All are names for a different type of warfare, one in which the enemy is microscopic and deadly. Following the terrorist attacks on the World Trade Center and
the Pentagon in September 2001, awareness and concerns of the use of biological or
chemical agents on food supply have increased considerably at Federal and State
Government levels. Everyday, millions of Americans carry out their daily lives assuming that the food they eat is safe and wholesome. A number of Federal
Agencies, including the Food Safety and Inspection Service (FSIS), the Animal and
Plant Inspection Service (APHIS), the US Food and Drug Administration (FDA),
and the Environmental Protection Agency (EPA), work with the food industry to
safeguard the food supply. Traditionally, the major focus in the US has been food
safety that is, ensuring that any microorganisms and potentially toxic chemical
residues unintentionally present in food are at a low enough concentrations to not
present a public health threat. With concerns over terrorist attacks, however, those
agencies and industry have also been working to prevent intentional attacks on the
food supply, and to prepare to respond in the unfortunate event that an attack occurs. The food industry and the agencies that regulate it have taken many actions to
prevent both unintentional and intentional contamination of the food supply. This
symposium will highlight some recent efforts the agencies and industry have taken
to ensure food safety and food security.

2204

OVERVIEW OF FOOD DEFENSE

D. Acheson. Center for Food Safety and Applied Nutrition, Food and Drug
Administraiton, College Park, MD. Sponsor: J. Vodela.
Food safety and food security are both integrated and high priority goals for the
Food and Drug Administration. Since 9/11 the Center for Food Safety and Applied
Nutrition has devoted significant resources to food defense. The development of a
food defense strategy has involved a variety of approaches one of the most important of which was to determine vulnerabilities using an operational risk management approach. By examining a variety of agents, food commodities and various
scenarios between the farm and the table it was possible to determine the “higher”
risk combinations and thus focus resources based on a determination of risk. This
approach has driven a number of activities including the development of guidance
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documents, research activities and emergency response planning. This preventative
strategy has been augmented by new research for the development of rapid and sensitive methods, as well as the development of a clear emergency response plan
should a deliberate food contamination event occur. Current activities are further
focused on CARVER assessments of the higher risk foods and close interaction with
stakeholders to further ensure preparedness. The 2002 Bioterrorism Act has further
extended the protection of the U.S. food supply through the development of a
number of rules. Overall, while there has been a significant increase in focus on
food defense this has been integrated as far as possible into food safety activities
which remain an ongoing and high priority for FDA.

2205

OPPORUNITIES AND CHALLENGES FOR THE USE OF
RISK ASSESSMENT IN EVALUATING FOOD
BIOSECURITY VS. FOOD SAFETY

2207

M. Catlin. Office of food defense and emergency response, FSIS/USDA, Washington
DC, MD.
The Food Safety and Inspection Service (FSIS) of the US Department of
Agriculture (USDA) is responsible for ensuring the safety of meat, poultry and egg
products. Within FSIS the Office of Food Defense and Emergency Response
(OFDER) focuses on preventing intentional contamination of the food supply, and
preparing to respond in the unfortunate event that such an attack occurs. FSIS has
accomplished a great deal in food defense and provides a great deal of guidance and
resources for others to help ensure food defense. This presentation will discuss the
potential impacts of an attack on the food supply, the methods and general conclusions of vulnerability assessments conducted by FSIS/OFDER, and how OFDER
uses those conclusions to help protect the food supply

A. M. Kadry1, C. Maczka2, J. Kause1 and M. Catlin2. 1Risk Assessment Division,
USDA/FSIS, Washington, DC and 2Office of Food Defense and Emergency Response,
USDA/FSIS, Washington, DC.
For nearly a century, the Food Safety and Inspection Service (FSIS), United States
Department of Agriculture (USDA) has been protecting the nations food supply.
Recent world events have heightened awareness for the need to safeguard the food
supply and supporting infrastructure from biological, chemical or radiological attacks. The use of vulnerability assessments is a one of several practical tools for assessing the potential biological, chemical and radiological risks. For food defense
evaluation, vulnerability assessments help to focus limited resources on foods,
agents, and areas of greatest concern and which would likely yield the largest benefits in averting or minimizing the effects of an attack.
United States food safety regulatory agencies have used numerous methods to evaluate the risk of a chemical or biological attack on the nations food supply, including: Operational Risk Management Method (ORM); Risk Ranking Method
(RRM); and the CARVER Method. There are six steps to implement ORM:
Hazard Identification, Risk Assessment, Risk Control Measures, Control Decision,
Risk Control Implementation and Supervision and Review. RRM is applied in four
steps: Hazard Identification, Hazard Characterization, Exposure Assessment, and
Risk Characterization. The CARVER Methodology considers seven factors that affect the attractiveness of a target: Criticality; Accessibility; Recuperability;
Vulnerability, Effect, Recognizability and Shock. These methodologies use the same
principles as risk assessments used in food safety evaluations. There are major challenges when considering the balance between public input to these scientific methods and the confidentiality which is associated with security concerns. Other challenges include hiring the appropriate experts with clearance to properly perform the
assessments.

2206

FOOD SAFETY FROM AN INTERNATIONAL
PERSPECTIVE

A. Tritscher. JECFA, World Health Organization, Geneva, Switzerland.
WHO is the leading international public health authority, and in the area of environmental health, food safety plays an important role. WHO’s role has been to provide advice and support to strengthen food safety management programmes and
public health surveillance of food borne disease. In chemical and microbiological
food safety, WHO has provided scientific advice on many subjects. For chemical
food safety, WHO has continuously provided risk assessments for the last 50 years.
These risk assessments form the basis for international food standards set by the
Codex Alimentarius Commission, which are recognized as international scientific
standards by the World Trade Organization. Increasing concern about food bioterrorism has led to an expansion of WHO’s role, given that deliberate contamination
of food at one location could have global public health implications. WHO published a guidance document in 2002, which focuses on sensible precaution, strong
surveillance and rapid response capacities, by building and expanding on existing
structures. The key to prevention is establishment and enhancement of existing
food safety programmes for the production of safe food, requiring a cooperative effort between governments and industry. The other aspect is to strengthen existing
emergency alert and response systems by improving links with the relevant agencies
and the food industry. WHO’s role is to provide advice on these aspects and to coordinate existing international systems for public health disease surveillance and response. Several WHO driven international activities are relevant in this context.
The Global Outbreak Alert and Response Network (GOARN), including a
Chemical Incident Alert and Response System, has the goals to early detect and
alert on incidences, by involving a world-wide network of partners.
Communication of food related issues can follow very rapidly and efficiently
through the international network of food safety authorities (INFOSAN), which
includes a food safety emergency network. Lastly, the International Health
Regulations (IHR) have recently been revised and allow also to address outbreaks
related to food.
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IS THE FOOD SUPPLY AT RISK FOR AN ATTACK? THE
FOOD SAFETY AND INSPECTION SERVICES
ACTIVITIES TO PROTECT THE FOOD WE EAT

2208

CARCINOGENIC MODE OF ACTION AND USEPA’S
2005 CANCER GUIDELINES

L. Flowers1, H. A. Barton2, E. M. Faustman3 and M. M. Moore4. 1USEPA,
Washington, DC, 2USEPA, Research Triangle Park, NC, 3University of Washington,
Seattle, WA and 4NCTR, Jefferson, AR.
USEPA’s recently released Guidelines for Carcinogen Risk Assessment and
Supplemental Guidance for Assessing Susceptibility from Early-Life Exposure
make greater use of the increased scientific understanding of the biological mechanisms that can cause cancer. In assessing the cancer risks of a chemical, the
Guidelines emphasize the value of understanding the biological changes that the
chemical can cause and how these changes might lead to the development of cancer.
The Guidelines suggest that mode-of-action (MOA) data, when available and of
sufficient quality, can be useful for understanding the potency of a chemical, its potential effects at low doses, whether findings in animals are relevant to humans, and
which populations or lifestages may be particularly susceptible. The Supplemental
Guidance notes that childhood may be a lifestage of greater susceptibility for a
number of reasons, such as rapid growth and development that occurs prenatally
and after birth, differences related to an immature metabolic system, and differences in diet and behavior patterns that may increase exposure. The Guidance presents age-dependent adjustment factors for the carcinogenic potency of chemicals
with a mutagenic MOA. Key implementation issues focus on the use of MOA data
in risk assessment, lifestage issues related to carcinogenesis, and determination of a
mutagenic mode of carcinogenic action. Decisions related to the determination of
MOA for carcinogenicity have implications for risk assessment, risk characterization, and regulatory actions. The views expressed in this abstract are those of the authors and do not necessarily reflect the views of the USEPA or USFDA.

2209

ORGANOPHOSPHATES FROM NERVE GAS TO
INSECTICIDE
J. Doull1 and J. E. Chambers2. 1Pharmacology/Toxicology, University of Kansas
Medical Center, Kansas City, KS and 2College of Veterinary Medicine, Mississippi
State University, Misssissippi State, MS.
We will start this session with a review of the synthesis of this class of organophosphates by Gerhard Schrader in Germany and their initial toxicity testing by Ken
DuBois and his colleagues at the University of Chicago toxicity labs. John Doull
will then review the development of the OP’s as insecticides and the studies of
Robert Neal, Sheldon Murphy and others at Chicago and at Edgewood Arsenal. He
will conclude with recollections of the early meetings with FDA to establish OP
tolerances. Jan Chambers will then review some of the research findings related to
chemistry, structure-activity relationships, neurotoxicity, and metabolism that comprise the substantial data base available on these compounds at the present time.
Emphasis will be on the information contributing most to our current understanding of the hazard posed by the OP insecticides and related to the current regulations
of the OP insecticides through the Federal Insecticide, Fungicide and Rodenticide
Act as well as the Food Quality Protection Act. The session will conclude with comments by Gene McConnell on testing issues (MTD etc.) and the current controversy regarding the use of humans in testing OP’s and other pesticides.

2210

AIR POLLUTION: VANGUARD TOXICOLOGICAL
APPROACHES CONSIDERING ATMOSPHERIC AGING

A. C. Rohr1 and I. Jaspers2. 1Electric Power Research Institute, Palo Alto, CA and
2
University of North Carolina - Chapel Hill, Chapel Hill, NC.
Air pollution is a complex mixture of both primary and secondary pollutants.
Primary pollutants are emitted directly from sources, while secondary pollutants are
formed via chemical reactions occurring in the atmosphere. Assessing the toxicity of

air pollution must account for this heterogeneity and dynamic nature of the air pollution mixture, whereby mixing of fresh (primary) and aged (secondary) materials
is common. This session focuses on novel approaches to better understand the toxicological effects of secondary pollutants and the effect of atmospheric aging of primary pollutants. The approaches to be discussed cover both particulate- and gasphase pollutants and consider both the ambient and indoor environment.
Presentations will describe approaches to examine the toxicity of aged coal combustion and mobile source emissions, ambient particulate matter (PM) derived from
long-range transport and local sources, complex gas-phase mixtures subjected to atmospheric aging, and mixtures of indoor pollutants. In each approach, the complexity of the atmosphere is considered. This session will appeal to an audience of
inhalation toxicologists with broad interests (indoor to ambient air, in vitro to in
vivo exposures, gas-phase and particle-phase pollutants) as well as to epidemiologists and risk assessors studying the health effects of air pollutant mixtures. The session is timely in that the topics will provide insights to aid researchers in risk assessment and management of complex atmospheres such as combustion emissions,
outdoor PM, and indoor air, all currently subject to regulation at local to federal
levels.

2211

TOXICOLOGICAL ASSESSMENT OF PM DERIVED
FROM COAL-FIRED POWER PLANT EMISSIONS

J. J. Godleski1, E. Diaz1, M. Lemos1, P. Ruiz1, T. Gupta1, C. Kang1, B.
Gonzalez-Flecha1, A. Rohr2 and P. Koutrakis1. 1Environmental Health, Harvard
School of Public Health, Boston, MA and 2Electric Power Research Institute (EPRI),
Palo Alto, CA.
Coal-fired power plants produce small quantities of primary particulate matter
(PM), and most of the concern over the health impacts of power plant emissions focuses on the secondary particles formed via atmospheric oxidation of emitted SO2.
The TERESA (Toxicological Evaluation of Realistic Emissions of Source Aerosols)
study involves the use of mobile laboratories at power plants to age emissions, followed by animal exposures. Several plants are included to allow assessment of different coals and pollution control configurations. Methods: Primary emissions were
drawn from the power plant stack into a mobile laboratory, where several atmospheric scenarios were simulated (primary particles only, secondary particles, secondary particles + secondary organic aerosol, and secondary particles + ammonia +
secondary organic aerosol). Female Sprague-Dawley rats were exposed to these mixtures for 6 hrs. Controls were exposed to filtered air. Pulmonary function data were
collected during exposure; bronchoalveolar lavage (BAL) and blood were collected
post-exposure for cytological and biochemical analyses. Oxidative stress in heart
and lung tissue was evaluated with in vivo chemiluminescence (CL) and the
TBARS assay. Results: PM2.5 concentrations ranged from 200-450 ug/m3 in all
the secondary particle scenarios. At the first plant studied, no differences in pulmonary function, BAL, blood, CL or TBARS was observed between control and
exposed rats. At the second plant, lung CL and lung TBARS were significantly
higher than controls in the secondary particles + secondary organic aerosol scenario.
Significant changes in breathing pattern toward a rapid shallow breathing pattern
were observed in both the secondary particles and the secondary particles + organic
aerosol scenarios. Conclusions: Results from two TERESA plants, under several different simulated atmospheric scenarios, indicate different toxicological effects with
exposure to secondary particles derived from coal combustion.

2212

APPROACHES TO CHARACTERIZING THE TOXICITY
OF ATMOSPHERIC TRANSFORMATIONS OF DIESEL
AND COAL COMBUSTION EMISSIONS

J. McDonald1, B. Zielinska2, J. Seagrave1 and J. Mauderly1. 1Toxicology, Lovelace
Respiratory Research Institute, Albuquerque, NM and 2Desert Research Institute,
Reno, NV.
Separate approaches are described for defining the toxicity of atmospheric transformation products related to two major ambient air pollutant sources, diesel exhaust
and coal combustion. For diesel exhaust, emissions are diluted and transferred to a
200 m3 outdoor reaction chamber and combined with reactants to simulate several
different atmospheric oxidation conditions. Filter plus vapor adsorbant samples
were collected from either a baseline (diesel and no reactions), ozone plus diesel, or
nitrate radical plus diesel reacted in the dark and either baseline or hydrogen peroxide and nitrous acid, which decompose to produce hydroxyl radicals. Particle and
vapor samples are extracted by sonic agitation (particles) or accelerated solvent extraction (vapors) in organic and aqueous solvents. Solvents are recombined and
then used for instillation studies in rats to characterize dose-response of each sample
for lung inflammation, cytotoxicity, structural/functional histopathological
changes and oxidative stress (including DNA oxidation). The slopes of the dose-response curves are used to develop a rank of toxicity among different ageing conditions. For coal combustion, the approach uses inhalation exposures to simulated

down-wind coal reaction products. For this approach, a workshop was held to define a plausible combinations of coal combustion derived gas and particle pollutants to which significant populations may be exposed. In this case secondary reaction products, most notable sulfate from sulfur dioxide oxidation, were predicted
and developed in an exposure atmosphere directly without extensive ageing. An atmosphere composed of specific combinations of sulfur oxides and nitrogen oxides
are combined with ash created from combustion of coal in a laboratory furnace.
Different coals are evaluated from two of the highest yield seams in the country.
Toxicity is evaluated by investigating lung inflammation and indicators of oxidative
stress in rodents.

2213

USING A MOBILE PARTICLE CONCENTRATOR TO
ASSESS THE EFFECTS OF LOCAL VERSUS
TRANSPORTED FINE PARTICULATE MATTER

J. G. Wagner1, M. Morishita2, G. J. Keeler2 and J. R. Harkema1. 1Michigan State
University., East Lansing, MI and 2University. Michigan, Ann Arbor, MI.
Individuals with chronic airway diseases are particularly vulnerable to the adverse
health effects from high ambient concentration of airborne particulate matter
(PM). Ambient urban PM is a complex mixture, and determinants of toxicity include the activity of local sources and atmospheric conditions that affect the transport and modification of PM in regional aerosols. In multi-year studies, we used a
rodent model of allergic airway disease and a Harvard fine particle concentrator to
study the effects of inhalation exposure to concentrated air particulates (CAPs) generated from ambient PM2.5 in two Midwest cities with distinct PM signatures. PM
in Detroit, MI is generated largely from several local emission sources, with strong
episodic contributions from transported aerosols. By comparison, Grand Rapids, in
western Michigan, has less local sources, and increases in ambient PM are due to
secondary pollutants transported from regional sources. Biochemical and
histopathological endpoints were used to characterize effects of CAPs in allergic
rats, and analyses of chemical and trace elements, source apportionment, and reverse trajectory and meteorological methods were used to describe PM.
CAPs both enhanced and inhibited allergic responses of airway inflammation, epithelial remodeling and mucus secretion, depending on the timing of allergen challenge relative to CAPs exposure, and the number of exposure days. Effects of CAPs
were not always related to increased mass. Different protocols showed allergic modulation by CAPs was linked to anthropogenic trace elements, and combustion and
mobile source emissions. Evidence both for and against transported aerosols (sulfates) were suggested from comparable studies in Detroit and Grand Rapids, as
were interactions of local and transported PM. Health effects were linked to specific
point sources in Detroit, and generalized for regional sources of transported secondary pollutants. These studies provide a unique approach to assign health effects
of specific PM species and their sources.

2214

THE EFFECT OF PHOTOCHEMICAL AGING ON THE
TOXICITY OF AIR POLLUTION MIXTURES

K. G. Sexton1, M. Doyle1, I. Jaspers3, 2 and H. E. Jeffries1. 1Environmental
Sciences and Engineering, University of North Carolina, Chapel Hill, NC, 2Center
for Environmental Medicine, Asthma, and Lung Biology, Chapel Hill, NC and
3
Department of Pediatrics, University of North Carolina, Chapel Hill, NC.
Many compounds found in the atmosphere, are transformed into products which
can be more or less toxic than the primary compound. The UNC outdoor smog
chambers are used to test chemical mechanisms of atmospheric species. These
chambers utilize natural environmental conditions to study the chemistry of mixtures of hydrocarbons (VOC’s, including Hazardous Air Pollutants) and nitrogen
oxides (NOx) found in urban atmospheres, thus generating ozone and other products. We have shown that these chambers can be interfaced directly with in vitro
and in vivo toxicological methods to allow for direct exposures to gaseous mixtures
in air. The advantage of the smog chamber/direct-gas-exposure system is that it can
be used to generate realistic test mixtures, and also helps attain the goal of whole
natural gaseous exposures. Previous results, suggest that photochemically induced
atmospheric chemical processes can both lower the ambient concentrations of reactive air toxics, thereby minimizing possible environmental exposures, while generating secondary compounds which may induce similar or greater adverse effects.
We have compared un-irradiated standard non-reactive mixtures of VOC’s and
NOx, including 1,3-butadiene, isoprene, methanol, toluene and a complex
Synthetic Urban mixture, with the same VOC + NOx mixtures atmosphericallyaged to investigate if aging significantly alters the overall toxic effect of the original
complex mixture. We have also compared the toxicity of these photochemical systems to a simple air mixture of only the ozone produced in these systems. These
photochemically generated products contribute to inflammatory responses, measured by cytokine release, beyond that induced by the ozone alone, generated during
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these photochemically active systems. The advantages of using smog chambers interfaced directly with toxicological methods and the implications of these results
will be discussed.

2215

INDOOR AIR POLLUTION: THE IMPORTANCE OF
CHEMICAL REACTIONS

A. C. Rohr. Electric Power Research Institute, Palo Alto, CA.
The indoor environment is very complex, with volatile organic compounds
(VOCs) being emitted from building materials and consumer products, particulate
matter forming through cooking and cleaning, and outdoor pollutants penetrating
through the building envelope. Accumulating research suggests that chemical reactions between indoor pollutants may be important from a health perspective. For
example, reactions between terpenes, common unsaturated VOCs in consumer and
cleaning products, and ozone produce a variety of gas- and particle-phase products
that can be more irritating than their precursors. Indeed, while neither terpenes nor
ozone alone induce airway irritation in mice, when combined the mixture has a
marked effect, indicating the formation of irritating substances. This airway irritation, as well as airflow limitation, has been observed in mice exposed to mixtures of
ozone and α-pinene, d-limonene, or isoprene. With NO2 introduced into the
ozone/isoprene mixture, a slightly larger irritation effect was observed. The maximum effect of the terpene oxidation products appeared to occur at low humidity
and short reaction time. Repeated exposures to isoprene oxidation products caused
marked enhancement of the irritation and airflow limitation effects, suggesting that
these products can have a cumulative effect on the airways. Also, a significant reduction in airway responsiveness was observed, suggesting possible mucous accumulation. Recent human exposure studies show effects of terpene/ozone reaction
products on eye irritation. Investigators exposed subjects to the oxidation products
of limonene and isoprene for 20 minutes and measured eye blink frequency as a
measure of trigeminal stimulation. Blink frequency was significantly elevated during exposure to limonene/ozone reaction products, as well as to nitrate radicals.
These findings have important implications for indoor environments, where terpenes and other unsaturated hydrocarbons are common and building occupants
may be chronically exposed to reaction products.

2216

APPLICATION OF GENOMICS TO EVALUATING
MECHANISMS OF GENOTOXICITY AND
CARCINOGENICITY

R. J. Brennan1 and J. Aubrecht2. 1Iconix Pharmaceuticals Inc., Mountain View, CA
and 2Pfizer Global Research, Groton, CT.
The potential of genomics for investigating cellular responses on a molecular level,
improvements in platform technology, application of statistical approaches to data
interpretation and the availability of large databases of genomic data allowing interpretation of chemically-induced expression changes in the broad context of the
changes induced by known toxicants and approved drugs have resulted in increasing application of genomic profiling to pharmaceutical safety evaluation over the
last few years. Recent research has suggested that the wider application of toxicogenomics may reduce the time taken to assess the genotoxic or carcinogenic potential
of developmental compounds by promoting understanding of the mechanisms by
which chemicals cause genetic damage and induce neoplasia, allowing greater attention to be paid to mechanisms relevant to humans. A collaborative research program organized by the Health and Environmental Sciences Institute’s Committee
on Application of Genomics to Risk Assessment was set up to evaluate the utility of
toxicogenomic analysis for improving risk assessment of chemicals. Further recognizing the potential of genomics in toxicity evaluation, the FDA has issued a guidance document on pharmaco- and toxicogenomic data submissions for industry.
The speakers in this session are at the forefront of academia and the pharmaceutical
industry in applying genomic expression profiling to understanding genotoxicity
and carcinogenesis. The presentations will cover recent progress in the development
and application of comprehensive genomic datasets to the derivation of genomic
biomarkers of genotoxicity and carcinogenesis, investigation into mechanisms and
pathways of diverse genotoxicants and carcinogens in vitro and in vivo, investigation of gene expression patterns associated with non-genotoxic rodent liver carcinogens and the application of gene expression data to understanding molecular mechanisms of tumor progression after subchronic compound administration.

2217

TOXICOGENOMIC ANALYSIS OF GENE
EXPRESSION:AN EMERGING APPROACH FOR
DIFFERENTIATING GENOTOXIC MECHANISMS

J. Aubrecht. Safety Sciences, Pfizer, Inc., Groton, CT.
The standard in vitro genetic toxicity testing provides relatively simple and accurate
hazard detection. However, the interpretation of positive findings, i.e. in vitro
chromosome aberrations, which are not uncommon, in terms of relevant risk to hu-
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mans is difficult due to the limited insight into the underlying genotoxic mechanisms. Since the availability of mechanism-based assays is either limited or currently available methods are laborious and time consuming, the development of alternative experimental approaches capable of evaluating a whole range of genotoxic
mechanisms is important. Genotoxic stress triggers a variety of biological responses
including the transcriptional activation of genes regulating DNA repair, cell survival and cell death. The analysis of gene expression changes in response to treatment with chemical agents on genomic level, toxicogenomics, enables studying biological processes and pathways participating in the stress response. Thus, we
investigated whether gene expression profile analysis can differentiate mechanisms
of genotoxicity i.e., DNA-reactive vs. DNA non-reactive. We have characterized
the gene expression profiles of several DNA reactive and DNA non-reactive agents
in mammalian cells and Saccharomyces cerevisiae. Our analysis provides insights
into the complex nature of the genotoxic stress-associated gene expression response
and the importance of pathway analysis for interpretation toxicogenomic results.
Although, more experimental work including evaluation of a large number of compounds and stresses is necessary to refine and enhance our understanding of gene
expression profiles and toxic pathways, our results suggest the potential utility of
gene expression profile analysis for evaluating molecular mechanisms of action of
genotoxicants.

2218

DISCRIMINATION OF GENOTOXIC FROM NONGENOTOXIC CARCINOGENS BY EXPRESSION
PROFILING IN VITRO

J. C. Kleinjans, S. G. van Breda, M. H. van Herwijnen, D. M. van Leeuwen and
Y. C. Staal. Health Risk Analysis and Toxicology, Maastricht University, Maastricht,
Netherlands. Sponsor: R. Brennan.
Two general mechanisms are implicated in chemical carcinogenesis, namely direct
damage to DNA, referred to as genotoxic (GTX), to which the cell responds by repair of the damages, arrest of the cell cycle or induction of apoptosis, and nongenotoxic (NGTX), in which a wide variety of cellular processes may be involved.
Therefore, it is likely that modulation of the underlying gene expression patterns is
distinct between GTX and NGTX carcinogens. We investigated this hypothesis by
analysing gene regulation induced by 20 chemical carcinogens in HepG2 cells. A
training data set was generated consisting of 16 treatments (9 GTX and 7 NGTX)
and the validation set of 6 treatments (3 and 3). We compared four different supervised clustering methods, namely Pearson correlation analysis, Nearest shrunken
centroids analysis (NSC), K-nearest neighbour analysis (KNN), and Weighted voting (WV). For each method, three different approaches were followed: 1) using all
the data points for all treatments, 2) exclusion of the samples with marginally affected gene expression profiles, and 3) filtering out the gene expression signals that
were hardly altered. On the complete data set, NSC, KNN and WV outperformed
the Pearson test, but on the reduced data sets no clear difference was observed.
Exclusion of samples with marginally affected profiles improved the prediction by
all methods. For the various prediction models, gene sets of different compositions
were selected; in these 27 genes appeared 3 times or more. These 27 genes are involved in many different biological processes and molecular functions, such as
apoptosis, cell cycle control, regulation of transcription, and transporter activity,
many of them related to the carcinogenic process. Summarising, this study demonstrates that several supervised clustering methods can be used to discriminate certain genotoxic from non-genotoxic carcinogens by gene expression profiling in
vitro in HepG2 cells. None of the methods clearly outperforms the others.

2219

DEVELOPMENT AND APPLICATION TO DRUG
DISCOVERY OF GENE EXPRESSION BIOMARKERS FOR
GENOTOXICANTS AND CARCINOGENS

R. J. Brennan. Toxicology, Iconix Pharmaceuticals Inc., Mountain View, CA.
We have created a database from short term rat studies with over 600 drugs, chemicals, and toxicants. Our approach is to examine multiple end points, including
gene expression profiles in multiple tissues, clinical chemistry, hematology,
histopathology (using a standardized lexicon), in vitro pharmacology and literature
mining for relevant pharmacological and toxicological information. Data from each
of the ancillary domains is used to classify compounds into biologically meaningful
categories and the gene expression data mined using sparse linear programming
support vector machine (SVM) algorithms for gene expression based biomarkers
(Drug Signatures) of pharmacology, toxicology and mechanism of action. Drug
Signatures have been derived in bone marrow, liver, heart, kidney, spleen and primary rat hepatocytes in vitro, that describe a variety of effects including direct and
indirect carcinogenic liabilities such as DNA alkylation, DNA intercalation, PXR,
CAR, PPAR, AHR and estrogen receptor activation. Three anti-cancer drugs with
different mechanisms, carmustine, methotrexate, and thioguanine, demonstrate the
power of this multivariate approach in discriminating compound effects. Their
well-characterized bone marrow depletion was confirmed by hematology data
demonstrating depleted leukocytes and lymphocytes. Gene expression analysis in

multiple tissues including whole blood and liver, identified blood-selective genes
whose mRNAs were systemically repressed by these and other anti-cancer compounds. Based on the identity of one of these genes, aminolevulinic acid synthase 2
(Alas2), reticulocyte depletion was predicted and confirmed experimentally, suggesting that this gene can serve as an indicator of bone marrow toxicity even when
measured in non-hematopoietic tissues. The usefulness of pairing clinical data with
expression data in a contextual database is further demonstrated by showing that,
while the three compounds had similar gene expression patterns reflecting hematotoxicity, their different hepatotoxic potentials were clearly distinguished in liver
gene expression space.

2220

CHARACTERISTIC EXPRESSION PROFILES INDUCED
BY CARCINOGENS IN RAT LIVER

H. J. Ahr and H. Ellinger-Ziegelbauer. Molecular and Special Toxicology, Bayer
HealthCare AG, Wuppertal, Germany.
Application of gene expression techniques using microarrays in toxicological studies
(toxicogenomics) facilitates the interpretation of a toxic compound’s mode of action and may also allow the prediction of selected toxic effects based on gene expression changes. This would be especially valuable, if gene expression changes after
short term treatment would predict the outcome of a long term bioassay. We therefore investigated whether carcinogens at doses known to induce liver tumors in the
two year rat bioassay deregulate characteristic sets of genes in a short term in vivo
study in rats for up to 14 days. By global expression analysis, the characteristic early
events following treatment with carcinogens were mechanistically characterized. It
became evident, that common gene expression responses may exist, which are
founded on well defined functional gene categories and may differentiate genotoxic
from nongenotoxic carcinogens. Discriminating marker genes were then extracted
by mechanistic as well as statistic evidence. Their value to classify genotoxic from
nongenotoxic carcinogens as well as non carcinogens will be demonstrated.

2221

APPLYING GENE EXPRESSION PATTERNS FOR
NUCLEAR HORMONE RECEPTOR AGONISTS TO
MECHANISMS OF HEPATOCARCINOGENESIS

L. Lehman-McKeeman. Discovery Toxicology, Bristol Myers Squibb, Princeton, NJ.
Many rodent hepatocarcinogens are not DNA reactive. The non-genotoxic liver
carcinogen, phenobarbital (PB), activates gene transcription via the constitutive androstane receptor (CAR), and CAR activation is necessary for PB-induced liver
tumor promotion in mice. However, the mechanism by which these agents induce
liver tumors is not understood. Microarray analyses are useful for evaluating global
gene expression patterns mechanistically-linked to hepatocarcinogenesis. However,
since the carcinogenic process is a chronic one, gene expression patterns observed
after only a few days of treatment may not provide mechanistic insight into changes
causally-related to liver tumor development. To this end, gene expression patterns
have been studied in rats, mice and CAR-/- mice dosed with model compounds including PB and TCPOBOP (1,4-bis[2-(3,5-dichloropyridoxyl)] benzene) following oral administration for 5 or and 90 days. In rats, short term administration of
PB alters cell cycle regulation mediated in part through a p53-independent induction of mdm2. Mdm2 protein levels increase and the protein translocates to the nucleus, confirming its biological activity. With subchronic dosing, there is sustained
activation of cell cycle genes along with changes in genes involved in cell communication and differentiation. In wildtype (WT) mice, PB and TCPOBOP treatment
cause hepatomegaly, with no effect in CAR-/- mice. Both compounds alter the expression of genes involved in cell cycle regulation, but unlike rats, this is not associated with changes in hepatic levels of mdm2. After subchronic dosing with
TCPOBOP there is additional evidence for altered cell cycle regulation through
mechanisms involving the Wnt signaling pathway. Collectively, these data indicate
that molecular mechanisms underlying hepatocarcinogenesis may differ in rats and
mice and that analysis of hepatic gene expression patterns following subchronic administration of agents provides useful information into pathways likely to be involved in tumor development and progression.

2222

IDIOSYNCRATIC HEPATOTOXICITY: NONCLINICAL
PREDICTIVE TOXICOLOGY FOR LIVER INJURY
POTENTIAL

C. Alden1, P. Watson5, H. Jaeschke2, P. Ortiz de Montellano3, B. Roth7, J.
Waring4 and D. Evans6. 1Millennium Pharmaceuticals, Cambridge, MA,
2
University of Arizona, Phoenix, AZ, 3University of Calfornia, San Francisco, San
Franscisco, CA, 4Abbott Laboratories, Chicago, IL, 5University of North Carolina,
Chapel Hill, NC, 6Merck and Company, West Point, PA and 7Michigan State, East
Lansing, MI.
The cost to bring a new therapeutic into the market place now approaches $1 billion. The discovery toxicologist must present a clear view of the development limiting attributes prior to the commitment of the immense resource requisite to gener-

ate the data required to gain market access. The toxicology technology now exists, if
appropriately leveraged, that can lower the attrition rate from toxicity and side effects to less than 10% versus the current benchmark figure of over 40%. (Brughera,
2002 DIA) Because of predictive toxicology failures, idiosyncratic drug liver injury
represents the cause of over 40% of all cases of liver failure in persons over 40 years
in the United Ststes. Idiosyncratic injury can result in withdrawal from the market
(e.g. tolcapone, troglitazone) or warnings (e.g. nefazodone, trovofloxicin, strattera)
with substantive compromise to business success. Drug induced liver injury accompanied by both ALT and bilirubin increases represents a grave threat to the patient
with an estimated 10% of affected patients progressing to liver failure (Hy’s Law).
For the forward thinking discovery toxicologist, the emerging challenge will be to
work with the medicinal chemist to synthesize the right molecule, of necessity leading to realtively high through put in vitro test systems. Various strategies are used in
the early stages of lead optimization by various institutions including assays for covalent adducts, assays for oxidative stress, and more recently transcriptional profiling. The value and impact of these early stage activities remain to be confirmed.

2223

MECHANISMS OF ACETAMINOPHEN
HEPATOTOXICITY: RELEVANCE FOR IDIOSYNCRATIC
LIVER INJURY

H. Jaeschke. Liver Research Institute, University of Arizona, Tucson, AZ.
Drug-induced liver failure can be dose-responsive and predictable or idiosyncratic.
We hypothesize that similar mechanisms of cell death are operative and that individual susceptibility determines idiosyncratic toxicity. Recent advances in our understanding of acetaminophen (AAP) hepatotoxicity indicate that reactive metabolite formation, glutathione depletion and alkylation of cellular proteins are by itself
not sufficient to cause cell injury. However, these responses are critical initiating
events, which need to be propagated. Among the early responses to AAP is the
translocation of the Bcl-2 family member Bax to the mitochondria, which releases
endonuclease G and apoptosis-inducing factor (AIF) from the mitochondrial intermembrane space. Endonuclease G and AIF translocate to the nucleus and initiate
DNA degradation. In addition, oxidant stress and peroxynitrite formation within
mitochondria induce the opening of the mitochondrial membrane permeability
transition pore, which further promotes release of endonuclease G and AIF from
mitochondria and causes more DNA damage. Mitochondrial dysfunction, ATP depletion and DNA damage trigger oncotic necrosis. As a result of the initial cell injury, inflammatory mediators are generated, which can further promote the tissue
injury, e.g. by induction of inducible nitric oxide synthase, or attenuate the injury,
e.g. by induction of antioxidant enzymes. In addition, cytokines and chemokines
recruit neutrophils and mononuclear cells into the damaged liver. These leukocytes
may aggravate tissue damage and contribute to liver failure or help clear the cell debris. Cytokines and growth factors also promote regeneration. In addition to the already enormous complexity of this mechanism, individual factors such as expression of drug metabolism and antioxidant defense enzymes, pre-existing
mitochondrial abnormalities, priming of leukocytes, etc, can further modulate the
hepatocellular response to AAP-induced stress and ultimately determine whether
the injury is resolved or progresses to liver failure.

2224

INFLAMMATORY STRESS AS AN SUSCEPTIBILITY
FACTOR IN DRUG IDIOSYNCRASY

R. A. Roth. Pharmacology and Toxicology, Center for Integrative Toxicology,
Michigan State University, East Lansing, MI.
Modest underlying inflammation can render the liver sensitive to otherwise nontoxic doses of many xenobiotic agents. Inasmuch as modest inflammatory episodes
are commonplace in people, these results have suggested a novel hypothesis about
the etiology of drug idiosyncrasy, ie, that an inflammatory stress occurring during
drug therapy can precipitate some idiosyncratic responses. In animals, drug-inflammation interaction resulting in liver injury has now been demonstrated for several
drugs that cause human idiosyncratic reactions. For example, exposure of rats to a
small dose of bacterial lipopolysaccharide (LPS) that causes a modest inflammatory
reaction results in liver injury upon coexposure to trovafloxacin (TVX). In contrast,
treatment of rats with LPS and levofloxacin, a drug in the same pharmacologic class
as TVX but without idiosyncrasy liability, failed to cause liver injury. Similarly, ranitidine (RAN) caused liver toxicity when coadministered with LPS, but famotidine
did not. Results of studies in vivo indicate that RAN potentiates the hemostatic response initiated by LPS, resulting in fibrin deposition in liver sinusoids and tissue
hypoxia. This potentiation could occur in part from RAN-induced augmentation
of plasminogen activator inhibitor-1 expression, which contributes to dysregulated
activation of the hemostatic system. In addition, neutrophil chemokines are
markedly upregulated in LPS/RAN cotreated rats, and neutrophil depletion protects against liver injury, indicating a critical role for these inflammatory cells in the
drug-inflammation interaction. Hypoxia-neutrophil interaction is suggested by the
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observation in vitro that hypoxia can enhance hepatocellular sensitivity to toxic
neutrophil-derived products. If inflammation-related stresses contribute to human
idiosyncratic hepatotoxicity, then they could form the basis for developing animal
and/or in vitro models to aid in the preclinical prediction of idiosyncratic potential
of drug candidates.

2225

DRUG METABOLISM AND CHEMICAL STRUCTURAL
ALERTS

tions will provide an overview of the technology with emphasis on mechanisms and
biomarkers, the current use of the technology in real-world preclinical safety assessment applications, the perils and pitfalls of using mass spectrometry to expand the
dynamic range of the technology with particular emphasis on moving the technology into the clinical setting and the role of the lipid class of biomolecules in drug
discovery and safety assessment.

2228

METABONOMICS, MECHANISMS AND BIOMARKERS
IN DRUG DISCOVERY AND DEVELOPMENT

S. Nelson. University of Washington, Seattle, WA.
Some drugs either have been removed from the market, or have been labeled with
“black box” warnings because they have caused life-threatening toxic effects. The
toxicities caused by these drugs were unanticipated despite extensive preclinical
safety assessment, and most were idiosyncratic. Evidence suggests that reactive
metabolites are responsible for initiating events that lead to the toxic effects caused
by many idiosyncratic toxins. Over the past 25 years, knowledge has accumulated
concerning chemical structures that form reactive metabolites. A summary of these
structures and their metabolism will be one focus of this presentation. A second
focus will be a comparson of toxicity risk of some chemical substructrues, and their
isomers and analogs, within drugs that engender more or less risk of toxicity.
Finally, examples of positional isomers and close structural analogs will be highlighted to illustrate how chemical structures can be used to identify potential predictive biomarkers of toxicities caused by some substructures via their reactive
metabolites. (Supported by NIEHS Center Grant P30ES07033 and Pfizer, Inc.)

2226

IDIOSYNCRATIC HEPATOTOXICITY: PRECLINICAL
MOLECULAR PROFILING TO DETECT AFFECTED
PATHWAYS AND CHARACTERIZE INDIVIDUAL RISK
FACTORS

R. G. Ulrich. Molecular Profiling, Rosetta Inpharmatics LLC, Seattle, WA. Sponsor:
C. Alden.
Metabolic idiosyncratic toxicity can result when multiple genotypic and phenotypic risk factors converge within an individual. Susceptible individuals may carry
genetic risk factors such as polymorphisms in drug clearance enzymes or mitochondrial function, and phenotypic factors such as age, nutritional status and underlying disease also contribute towards the precipitation of adverse drug reactions.
While drug exposure alone does not account for idiosyncratic responses, exposure
can tip the balance for other individual risk factors. Traditional preclinical studies
are designed to detect toxicity expressed in normal animals but can also provide
clues regarding effects on biological pathways that can lead to toxicity in sensitive
individuals or populations. Once identified, examining the effects on such pathways becomes part of the preclinical testing strategy. Molecular profiling has enabled us to detect mechanistic biological pathways affected by a compound within
the context of exposure even in the absence of significant pathology. Profiling of
human tissues has enabled us to identify those gene transcripts that define population outliers, and it is these outliers that are potentially at risk for adverse drug reactions. Thus by comparing data derived from preclinical studies with knowledge
of human genotypic and phenotypic risk factors, it may be possible to estimate the
potential for idiosyncratic reactions prior to human exposure.

2227

METABONOMICS: MOVING BEYOND THE PROFILE

D. Robertson1, L. D. Lehman-McKeeman2, B. D. Car2, I. D. Wilson2 and S.
M. Watkins4. 1Metabonomics Evaluation Group, Pfizer Global Research and
Development, Ann Arbor, MI, 2Discovery Toxicology, Bristol-Myers Squibb,
Princeton, NJ, 3Drug Metabolism, AstraZeneca, Macclesfield, Cheshire, United
Kingdom and 4Lipomics Technologies, West Sacremento, CA.
Over the past 5 years metabonomics technology has gained tremendous visibility
within the preclinical toxicology community. Early research efforts amply demonstrated the power of metabolic profiling in models of toxicity and emphasized the
predictive utility of the technology. However, metabonomics is now moving beyond the stage of emerging technology and entering the crucial phase of value determination. While profiles and PCA plots make impressive presentations, the
technology is moving to applications that will address the utility of the methods for
defining mechanisms of toxicity and providing relevant biomarkers of effect. To accomplish these goals, the technology is embracing multiple platforms (e.g. nuclear
magnetic resonance (NMR) and mass spectrometry (MS)) and expanding the range
of evaluated molecules, including applications for lipid analyses. This symposium
will focus on the state of metabonomic science, discussing fundamental advances in
technical approaches and applications to investigative toxicology. Specific presenta-
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B. D. Car, G. H. Cantor and L. D. Lehman-McKeeman. Discovery Toxicology,
Bristol-Myers Squibb, Princeton, NJ.
Metabonomics allows the sensitive quantification of myriad metabolites over time
from a variety of different body fluids and tissue substrates, and carries the promise
of improved diagnostic and predictive accuracy for pathophysiologic events.
The diagnosis of naturally occurring disease and xenobiotic-induced toxicity could
potentially be undertaken earlier and more precisely with this technology. Using
prototypical toxicants able to induce severe tissue insults or creating focused mechanistic derangements, urinary metabonomic evaluations have demonstrated high
specificity and sensitivity. The practical extension of this to the accurate assessment
of multiple target tissues, time-dependent toxicologic steps with subtle lesions or
naturally occurring disease which may be multifactorial or mechanistically more
complex than toxic insults, requires greater sensitivity and computational horsepower than for relatively facile single-dose experimentation. Metabonomics technology is presently defining its utility in this grey zone. Early experimentation
across multiple laboratories has reinforced the extreme sensitivity of this technology
to environmental, strain and diet-specific influences. A broader extension of this
technology into an environmentally and dietary undisciplined environment (man)
or outbred toxicology species (dog and monkey) also affords a greater challenge, potentially not rendered simpler with more sensitive (mass spectroscopic) approaches.
Notwithstanding the challenges of moving past the initial phase, a clear utility for
metabonomics approaches beyond the highly defined experimental environment of
inbred rodents is emerging. Exemplifying these successes are new biomarkers or signatures for complex cardiovascular disorders in man, the use of metabonomics for
defining normalcy in multiple outbred toxicity species, and several specific examples where metabonomics has been used in drug risk assessment for acute organspecific toxicity through to mechanistic carcinogenicity study evaluations.

2229

METABONOMICS IN PRECLINICAL SAFETY
EVALUATION: WHERE ARE WE?

D. Robertson. World Wide Safety Assessment, Pfizer Global Research and
Development, Ann Arbor, MI.
In recent years, metabonomics has received a great deal of attention as a potential
tool for toxicologists in the pharmaceutical preclinical arena. We are at a point
where we can ask if the early promise of the technology has been realized or not.
Preconceived expectations of the technology and differing definitions of success can
cause diverse conclusions from the same set of data. It has become apparent from
the metabonomics studies conducted thus far that study design and conduct have a
significant impact on the metabolic profiles obtained, not allowing us to ignore
often overlooked details (animal source, diets, anesthetics, vehicles, etc). While the
hope for a rapid throughput safety screen has not disappeared, the complexity of
basic biochemistry stymies simplicity. Perhaps our animal models were never that
simple in the first place and we now need to start understanding (if not embracing)
biologic diversity in biologic response. The benefits of understanding this complexity may allow us to understand what we have always attributed to interanimal or interstudy variation. This in turn may allow us to run studies with fewer animals and
to explain the odd responder that frequently reduces apparent safety margins. This
presentation will elaborate on the applications of metabonomics in preclinical
safety assessment, what has worked and what still needs to be worked out with regard to screening, biomarkers and mechanistic toxicology with particular emphasis
on the value the technology brings to basic science.

2230

“GENERATING MASSES OF DATA: METABONOMICS IN
THE AGE OF LC-MS”

I. D. Wilson. DMPK, AstraZeneca, Macclesfield, Cheshire, United Kingdom.
Sponsor: D. Robertson.
The production of global metabolite profiles from biofluids and tissues as a means
of studying the response of organisms to toxic insult or disease is a major analytical
challenge. In metabonomics most of the reported studies have concentrated on the
use of high field NMR spectroscopy as a means of obtaining these profiles. More re-

cently techniques centered on the use of separation techniques combined with mass
spectrometry (MS) have begun to be employed in this type of study. The role of the
emerging techniques of HPLC and UPLC-MS for the study of metabonomics in
animals and man will be discussed in relation to other analytical techniques such as
NMR spectroscopy and GC-MS. Examples of the use of LC-MS based strategies
for the detection of biomarkers of nephro- and hepatotoxicity in rodents will be described. The advantages of using approaches based upon HPLC-MS include the
widespread availability of the instrumentation, the utility of MS for biomarker
identification and the potential for high throughput analysis. However, there are
also pitfalls awaiting the unwary, irrespective of the analytical platform used, and
these will also be discussed. The particular difficulties of taking metabonomics from
studies in laboratory animals to those in humans will be considered.
Comprehensive metabonomic studies require access to a suite of analytical techniques and the role of LC-MS will be placed in context.

2231

METABOLIC PROFILING OF LIPIDS: A PLATFORM FOR
TRANSLATING EFFICACY AND SAFETY KNOWLEDGE
FROM DISCOVERY TO THE CLINIC

S. M. Watkins. Lipomics Technologies, West Sacramento, CA. Sponsor: D.
Robertson.
Metabolic profiling has distinct advantages for building knowledge of biological
status because intermediary metabolism is proximal to phenotype, and because
metabolites can be measured quantitatively and semi-comprehensively. The bioanalytical platforms required to measure most endogenous metabolites exist, and for
the major classes of metabolites (lipids, amino acids, simple sugars, cofactors, etc)
these technologies are highly accurate and specific. Another unique feature of metabolic profiling relative to other high-dimensional analytical approaches is that considerable knowledge of the biochemical pathways and the regulation of pathways is
established. Thus, historical knowledge can be used to interrogate analytical data in
a rational fashion, as well as to assemble meaning from experimental results. Here
we present a paradigm for leveraging high-quality analytics, biological knowledge
and bioinformatics to build an integrated metabolomics approach to translating
preclinical results to the clinic. Specific examples of projects wherein quantitative
lipid profiling and a structured data analysis approach were used to understand the
mechanisms of drug-induced cardiotoxicity and hepatic steatosis will be presented.

2232

OBESITY: DEVELOPMENTAL ORIGINS AND
ENVIRONMENAL INFLUENCES

J. J. Heindel1, W. Slikker6, O. MacDougald4, M. Gillman2, R. Newbold1, E.
Levin5 and C. Jefcoate3. 1NIEHS/NIH/DHHS, Research Triangle Park, NC,
2
Harvard Medical School, Boston, MA, 3University of Wisconsin, Madison, WI,
4
University of Michigan, Ann Arbor, MI, 5Duke University, Durham, NC and
6
NCTR/FDA, Jefferson, AR.
Obesity is a growing concern worldwide. The prevalence of obesity has risen dramatically in developed countries over the past 2-3 decades. It has reached epidemic
proportions in the United States with more than 20% of adults and 14% of adolescents defined as clinically obese.Obesity is mainly considered to be caused by
overeating and lack of physical activity on a background of genetic predisposition.
While the etiology of obesity is unclear it is clear that it is notoriously difficult to
treat, thus prevention is critical. In this regard a new paradigm for prevention has
emerged in recent years that evolved from the idea that environmental factors in
early life and in utero can have profound effects on lifelong health (e.g. the fetal
basis of adult disease). Initial work in this area related to nutrition first focused on
in utero nutriton. A large body of evidence has demonstrated that either low birth
weight or high birth weight can both result in increased obesity later in life. There
is now increasing evidence that in utero exposure to environmental chemicals at environmentally relevant concentrations can also result in obesity later in life. In humans smoking during pregnancy is associated with increased obesity later in life. In
animal studies exposure to environmental estrogens or prenatal nicotine results in
postnatal weight gain. This suggests a role for toxicology in the etiology of obesity.
While many hormones and growth factors control hormonal regulation of adipose
tissue differentiation and metabolism, it is clear that fat cell precursors and
adipocytes themselves contain estrogen receptors both in animals and humans. In
the adult estrogen is antilopogenic. However there is increasing data that during development the opposite is true: estrogens including environmental estrogens result
in increased adipose tissue which results in increased obesity later in life. In vitro, in
a clonal cell line of fibroblasts that differentiates into adipocytes, bisphenol A or 4
nonlyl phenol, chemicals with estrogenic activity, stimulate the differentiation of
these cells into adipocytes. Thus there are in vitro and in vivo data supporting a role
for environmental estrogens in controlling adipocytes. On the other hand, TCDD
appears to be reduce the numbers of adipocytes in vito using a similar cell line. It

acts via the PPPAR gamma 1 pathway. Overall these data indicate the possibility
that part of the intractiveness of obesity may stem from the fact that it is initiated in
utero by a combination of nutritional influences and exposure to environmental
chemicals. This suggests that prevention must start by monitoring and controlling
the uterine environment.

2233

OVERVIEW OF OBESITY AND ADIPOSE TISSUE
DEVELOPMENT

O. MacDougald. University of Michigan, Ann Arbor, MI. Sponsor: J. heindel.
The rising incidence of obesity is associated with increases in type 2 diabetes, cardiovascular disease, and certain types of cancers. The imbalance between food intake and energy expenditure that leads to obesity is influenced by both genetic and
environmental factors. Energy homeostasis is tightly controlled by the hypothalamus, which integrates long- (e.g. leptin) and short- (e.g. ghrelin) term afferent signals to regulate food intake and energy expenditure. While monogenic mutations
in genes within this pathway have been identified, they cause only a minor fraction
of obesity in people. Polygenic factors that cause widespread susceptibility to obesity remain elusive. Reduction in physical activity and increased consumption of
energy dense foods are the primary environmental components leading to obesity.
Additional environmental factors include medications, environmental chemicals,
and viruses. Despite considerable attention from the pharmaceutical industry, a
generally applicable anti-obesity pill has not yet been developed. Currently available
drugs target either the satiety center to decrease appetite and increase thermogenesis, or block lipid digestion and absorption. As part of the worldwide effort to understand obesity and its complications, my lab and many others have focused on
improving our understanding of adipocyte biology. While a number of factors influence whether preadipocytes undergo adipogenesis, our studies have identified
Wnt signaling as an endogenous inhibitor of this process. In addition, considerable
insight has been gained into adipogenic transcription factors such as PPAR γligands
for which are used to improve insulin-sensitivity in diabetic patients. Finally, a
plethora of factors secreted from adipocytes, including adiponectin and resistin, are
involved in the insulin-resistance associated with obesity.

2234

PERINATAL PROGRAMMING OF OBESITY: ROLE OF
NUTRITION

R. Simmons. Pediatrics, University of Pennsylvania Medical School, Philadelphia,
PA. Sponsor: J. heindel.
Several studies have shown that early life (including fetal) exposures are important
in promoting adult obesity. Both high and low birth weight have been linked to the
later development of obesity. Offspring of mothers with gestational diabetes often
have higher birth weights and fat mass is increased relative to lean body mass. This
relative increase in adiposity predisposes the offspring of a diabetic pregnancy to the
later development of obesity. In addition to increased adiposity at birth, altered appetite control may also play a role in the development of obesity in infants of diabetic mothers. Animal studies have shown that offspring of diabetic mother rats
display hyperphagia and overweight during later life, which is associated with alterations of hypothalamic neurons expressing orexigenic neuropeptides such as neuropeptide Y (NPY) in the arcuate hypothalamic nucleus. A large number of studies
have also linked low birth weight to the later development of central adiposity. We
have developed a model of uteroplacental insufficiency (IUGR) in the rat that induces fetal growth retardation and eventually leads to the development of diabetes
and obesity in the offspring. These animals are also hyperphagic in the juvenile period, which is accompanied by increased hypothalamic NPY levels. IUGR animals
have decreased energy expenditure, which is related to altered mitochondrial function. We hypothesize that the relative energy deprivation caused by uteroplacental
insufficiency programs the balance between energy intake and energy utilization resulting in the development of obesity. In conclusion, a number of human and animal studies demonstrate that the intrauterine environment plays a critical role in
programming body composition. Both excess and reduced nutrient availability during fetal development can lead to the later development of obesity.

2235

EXPOSURE TO ENVIRONMENTAL ESTROGENS
DURING DEVELOPMENT IS ASSOCIATED WITH
OBESITY LATER IN LIFE

R. Newbold, E. Padilla-Banks, R. Snyder and W. Jefferson. NIEHS/NIH,
Research Triangle Park, NC.
Obesity is a significant human health problem that has reached epidemic proportions. It is caused by a complex interaction between genetic, behavioral, and environmental factors although the exact etiology remains uncertain. An emerging hypothesis is that in utero and developmental exposure to environmental chemicals
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plays a role in the development of obesity later in life. To test this hypothesis, CD1 mice were treated with the model estrogen, diethylstilbestrol (DES 0.00001,
0.001 and 1 mg/kg/day) or the phytoestrogen genistein (50 mg/kg/day) on neonatal days 1-5. Body weights were recorded daily during treatment and routinely
thereafter. No difference was seen between control and DES mice during treatment; however, by 6 weeks, DES mice exhibited a statistically significant increase in
body weight which was associated with increased % body fat. Using PIXImusTM
mouse densitometry, % fat mass in DES mice at 6 weeks showed a significant increase over controls. Neonatal exposure to genistein caused a significant increase in
body weight suggesting that DES is not unique in causing these effects. Fat depots
(retroperitoneal, inguinal, parametrial, gonadal and brown fat) from DES mice
were collected to determine alterations in adipose tissue including size of specific fat
pads. Serum hormone levels for leptin, adiponectin, IL6, insulin, free fatty acids,
glycerol, and triglycerides were significantly altered. Measurements of activity and
food intake were not different between control and treated mice. Taken together,
our data supports the idea that brief exposure to environmental estrogens early in
life leads to altered programming of fat cell differentiation and regulation which is
associated with increased body weight as the mice age.

2236

OBESITY INDUCED BY FETAL NICOTINIC OVERSTIMULATION

E. Levin. Duke University, Durham, NC.
Nicotinic acetylcholine systems are critically involved in programming the development of both the central and peripheral nervous systems. Epidemiological studies
have found significant associations between maternal tobacco smoking and increased weight gain in the offspring. Fetal nicotine exposure may alter development
of regulatory systems, which normally control weight gain. The causative nature of
fetal nicotine exposure increasing weight gain in the offspring can be determined in
experimental animal studies. In our studies, pregnant rats were randomly assigned
to chronic nicotine or placebo exposure conditions. This prenatal nicotine exposure, which does not in itself cause decreased weight gain in the mothers or lower
birth weight in the offspring did significantly increase postnatal weight gain in the
offspring. This was seen even with low fat rat chow. Similarly, developmental exposure to the organophosphate insecticide chlorpyrifos, which inhibits acetylcholinesterase and thus indirectly stimulates nicotinic receptors via increased acetylcholine levels, has been found to increase body weight in male rat offspring
(Lassiter and Brimijoin, Soc. Neurosci. Abs, 106.3, 2005). Slotkin et al. (Dev. Brain
Res. 133:163-173, 2002) have shown that prenatal nicotine exposure in rats causes
persistently impaired reactivity of noradrenergic response. We have found similar
blunting of noradrenergic response with regard to behavioral function. Both the
central nervous system control of appetite and the peripheral sympathetic control
of adipose metabolism can be impaired by blunted noradrenergic reactivity. Fetal
nicotinic overstimulation increases weight gain in the offspring. A critical mechanism for this effect may be fetal nicotinic over stimulation blunting later noradrenergic response. (Research Support by Duke University Superfund Basic Research
Center P42 ES010356.)

2237

MECHANISMS OF TCDD DISRUPTION OF FAT CELL
DIFFERENTIATION

C. Jeffcoate. University of Wisconsin, Madison, WI.
Ah receptor activation by TCDD disrupts development in mice but also
decreases insulin responsiveness and redistributes triglycerides from fat to liver.
Elevated human serum TCDD is a risk factor for poor glucose tolerance and Type
2 diabetes. In fat pads mesenchymal stem cells differentiate to pre-adipocytes and
then to mature adipocytes. Insulin stimulates glucose uptake and conversion to
triglycerides in adipocytes.The failure to accumulate fat (Lipodystrophy) occurs in
mice that lack genes involved at several stages of this process. TCDD affects in vivo
are consistent with similar disruption. Mouse
embryo fibroblasts (MEFs) which differentiate to fat, muscle and bone can be stimulated by a hormone mixture (IDM, insulin, dexamethasone
methylisobutylxanthine)to produce increased transcription of the PPARg receptor
which then mediates insulin activation of triglyceride synthesis. TCDD suppresses
the increased transcription of this receptor but also affects other nuclear proteins
such as CREB and the glucose transporter (glut4). TCDD may therefore diminish
the formation of mature adipocytes particularly in immature mice challenged with
high fat diets. Suppression of PPARg transcription by TCDD in MEFs requires
growth factor (EGF,FGF) activation of Erk kinase. In vivo effects of TCDD on lipogenesis have been linked to Src kinase. We report that TCDD synergizes with
EGF through Src to enhance cell adhesion and that ensuing Erk kinase activation
suppresses PPARg transcription which results in decreased differentiation into
adipocytes.
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2238

IMMUNOTOXICITY EVALUATION BY IMMUNE
FUNCTION TESTS

D. J. Herzyk. Safety Assessment, GlaxoSmithKline, King of Prussia, PA.
A brief review of latest regulatory expectations and approaches to immunotoxicity
testing will highlight the challenges and existing issues in the immunotoxicology
testing of compounds. Current regulatory documents emphasize the need for assessment of unintended immunosuppression in development of pharmaceuticals
and industrial chemicals and recommend an immune function study, such as the Tcell dependent antibody response (TDAR), be conducted for this purpose. Multiple
test systems have been applied in TDAR evaluation, and there is uncertainty
whether the various study designs and assays are validated and/or acceptable for use
in the regulatory studies. A comparative review of existing data is needed to improve communication between immunotoxicologists and to increase understanding
of the impact of immunotoxicity evaluation on safety of novel compounds.

2239

PRIMARY IMMUNE RESPONSE TO SHEEP RED BLOOD
CELLS (SRBC) AS THE CONVENTIONAL TDAR TEST

G. Ladics. Haskel Laboratory, E.I. Dupont Co., Newark, DE.
The production of antigen-specific antibodies represents a major defense mechanism of humoral immune responses. Several assays have been developed to assess Tcell dependent antibody responses (TDAR). Of these assays, the plaque forming
cell (PFC) and ELISA are the two most often used tests to assess immunotoxicity.
Historically, the T-cell dependent antigen of choice has been sheep red blood cells
(SRBC). The SRBC PFC assay is considered the “gold standard” for TDAR based
on extensive intra- and inter-laboratory validation in mice and has been utilized for
over 35 years. The quantification of the primary PFC response (i.e., the specific
IgM antibody-forming cell response) was found to provide one of the best predictors of immunotoxicity in mice. The SRBC specific ELISA is relatively new, with
the first publication of the method appearing in 1993. Data from the application of
using both the SRBC specific PFC and ELISA for evaluation of potential immunotoxicity of chemicals in rodents and the pros and cons and associated issues of each
method will be presented. Specifically, the following will be discussed: (1) current
state of regulatory guidelines pertaining to SRBC TDAR tests; (2) data from an interlaboratory study comparing the PFC and ELISA in outbred rodents using both
cyclophosphamide and dexamethasone; (3) characterization of an approach to developmental immunotoxicology assessment in the rat using SRBC as the antigen;
and (4) studies investigating the incorporation of the SRBC-specific IgM ELISA in
rats on standard toxicology study.

2240

COMPARISON OF PRIMARY IMMUNE RESPONSES TO
SRBC AND KLH IN RODENTS

K. White. Medical College of Virginia, Richmond, VA.
The T-cell dependent antibody response (TDAR) has emerged as a main functional
test of immunotoxicity. The assays that evaluate TDAR function include both wellestablished tests, e.g., anti-sheep red blood cell Plaque Forming Cell (PFC) assay,
and newer models, e.g., anti-keyhole limpet hemocyanin (KLH) antibody ELISA.
TDAR tests evaluating immune responses to SRBC or KLH have similarities and
differences between measured endpoints. Recent data indicate that the sensitizing
dose of KLH used in rodents to elicit anti-KLH antibodies differentially affects the
responses. Furthermore, within the same species, different strains of mice and rats
produce different magnitudes of responses to the same sensitizing dose. This discussion will focus on the sensitivity of PFC assay and the KLH and SRBC ELISA
based assays, when compared using several known immunosuppressive agents, including cyclophosphamide, dexamethasone and azathioprine. The effects on the
primary immune response in the B6C3F1 mice and the F344 rat, the primary immunotoxicological rodents used by National Toxicology Program, as well as the
Sprague Dawley rat and the CD1 mice, the primary test models used by industry
will be addressed.

2241

TDAR TESTS: META-ANALYSIS OF RESULTS
GENERATED ACROSS MULTIPLE LABORATORIES

P. Bugelski. Centocor, Johnson and Johnson, Radnor, PA. Sponsor: M. Holsapple.
The primary T-cell dependent antibody response (TDAR) to antigens is widely
used as a functional test in immunotoxicology. Originally, TDAR assays were configured as an IgM/complement-dependent ex vivo plaque forming assay in mice
with sheep red blood cells (SRBC). More recently, keyhole limpet hemocyanin
(KLH) has been explored as an alternate antigen for TDAR. Since protocols for
anti-KLH antibody responses have not been harmonized among laboratories using
the tests, the comparative analysis of TDAR data has been undertaken. The pur-

pose of this study was to apply meta-analysis to compare data from several laboratories, using SRBC or KLH, in two strains of rats, by multiple routes of immunization and with different primary TDAR assay formats. Although limitations imposed by the scale of the data set and the need to convert some data to an ordinal
scale to allow comparisons restrict the scope and strength of the conclusions that
can be drawn, the results of this study have shown that the two antigens, the three
assay formats (SRBC-PFC, SRBC-ELISA or KLH-ELISA) and two routes (intravenous and subcutaneous) of immunizations give comparable results. Similarly,
both antigens and assays formats showed the same pattern of response to strong immunotoxicants. These results indicate that standardizing the choice of antigen,
assay format or route of immunization may not be critical in the evaluation of immunotoxicity potential.

2242

IMMUNOTOXICITY TESTING IN NON-RODENT
SPECIES

H. Haggerty. Bristol-Myers Squibb, Syracuse, NY.
Increased expectations from a number of regulatory agencies, including the FDA,
EMEA and MHLW, as summarized in the ICHS8 Guidance document, have resulted in increased attention to the determination of potential adverse effects on the
immune system. Evaluation of the immunotoxicity potential of some pharmaceuticals, including immunomodulatory chemicals and biologics, cannot be limited to
testing in rodents. Thus, immune function tests have also been applied in studies
with non-human primates and more recently dogs that assess various components
of the immune system. These assays include T-cell dependent antibody responses
(TDAR) with various immunogens, lymphocyte phenotyping, natural-killer cell
activity, delayed-type hypersensitivity, and macrophage function assays. Approaches
for incorporating immune function testing in non-rodent species, results from
these tests, and their interpretation with respect to drug safety assessment will be
discussed.

2243

PHARMACEUTICALS IN THE ENVIRONMENT:
LEVERAGING MAMMALIAN DATA FOR IN
DETERMINING HUMAN PHARMACEUTICAL
RESPONSES IN AQUATIC VERTEBRATES

D. B. Huggett2, S. F. Owen6, G. Ankley3, B. Brooks4, C. Foran5 and L. B.
Kinter1. 1Safety Assessment, AstraZeneca Pharmaceuticals, Wilmington, DE, 2Global
R&D, Pfizer, Groton, CT, 3Mid-Continent Ecology Division, USEPA, Duluth, MN,
4
Environmental Studies, Baylor University, Waco, TX, 5Biology, West Virginia
University, Morgantown, WV and 6Institute for the Environment, Brunel University,
Uxbridge, Middlesex, United Kingdom.
Residues of active pharmaceutical ingredients (APIs) have been detected in surface
waters at concentrations ranging from 0.01 to 0.1 ug/l. Some APIs, such as synthetic and natural estrogens, have been speculated to cause detrimental effects to
aquatic species at very low exposure concentrations (0.001 to 0.01 ug/l). These observations suggest more intensive ecological testing is appropriate for some APIs,
but determining which pharmaceuticals require more intensive evaluation is difficult. APIs are extensively studied for physical-chemical, pharmacological and toxicological properties and effects (ED50, IC50, NOAEL, LOAEL, etc) are linked to
plasma exposure (Cmax or AUC). Therapeutic and secondary targets (i.e. receptor
or enzyme) are usually well defined and comparative genomics suggests that these
targets are evolutionarily conserved across species, especially in fish. A model is proposed utilizing current knowledge of mammalian exposures and effects and bioconcentration principles, to assist in determining need to conduct chronic ecotoxicity testing in fish or amphibians, assist in dose-setting, and to investigate specific
endpoints associated with mammalian mechanisms of action. In this model, the relevant exposure in mammals is compared to a predicted plasma concentration (PC)
in fish or tadpoles, resulting in a plasma exposure ratio (PER =
mammalian/aquatic). Functional equivalence ratio (FER) between the therapeutic
target in aquatic and mammalian species can be factored and a bioequivalence
index calculated (BEI = PER/FER). A BEI < 1 would indicate that chronic ecotoxicity testing in fish and/or tadpoles is likely to be needed, with endpoints linked to
the mammalian MOA being considered. International experts will compare effects
of specific APIs in mammalian and aquatic species in relation to the model. The
Workshop will be of interest to academic and industrial toxicologists, ecotoxicologists, regulators and ethicists.

2244

CONCEPTUAL FRAMEWORK AND MODEL RELATING
MAMMALIAN DATA FOR AQUATIC ASSESSMENTS

D. B. Huggett2. 1Safety Assessment, AstraZeneca Pharmaceuticals, Wilmington, DE
and 2Pfizer, Croten, CT.
Residues of active pharmaceutical ingredients (APIs) have been detected in surface
waters at concentrations ranging from 0.01 to 0.1 mcg/l. Some APIs, such as synthetic and natural estrogens, have been speculated to cause detrimental effects to

aquatic species at very low exposure concentrations (0.001 to 0.01 mcg/l). These
observations suggest more intensive ecological testing is appropriate for some APIs,
but determining which pharmaceuticals require his more intensive evaluation is difficult. APIs are extensively studied for physical-chemical, pharmacological and toxicological properties and effects (ED50, IC50, NOAEL, LOAEL, etc) are linked to
plasma concentration (Cmax or AUC). Therapeutic and secondary targets (i.e. receptor or enzyme) are usually well defined and comparative genomics suggests that
these targets are evolutionarily conserved across species, especially in fish. A model
is proposed utilizing current knowledge of mammalian exposures and effects and
bio-concentration principles, to assist in determining need to conduct chronic ecotoxicity testing in fish or tadpoles, assist in dose-setting, and to investigate endpoints associated with mammalian mechanisms of action. In this model, the relevant exposure in mammals is compared to a predicted plasma concentration (PC)
in fish or tadpoles, resulting in a plasma exposure ratio (PER =
mammalian/aquatic). Functional equivalence ratio (FER) between the therapeutic
target in aquatic and mammalian species can be factored and a bioequivalence
index calculated (BEI = PER/FER). A BEI < 1 would indicate that chronic ecotoxicity testing in fish and/or tadpoles is likely to be needed, with endpoints linked to
the mammalian MOA being considered.

2245

CARDIAC AND GROWTH PERFORMANCE OF
JUVENILE RAINBOW TROUT (ONCORHYNCHUS
MYKISS) EXPOSED TO PROPRANOLOL: COMPARING
AQUATIC AND MAMMALIAN DATA USING THE
PROPOSED MODEL

S. Owen2, D. Huggett3, T. Hutchinson4, J. Ericson3, M. Hetheridge4 and J.
Sumpter2. 1AstraZeneca Pharmaceuticals, Wilmington, DE, 2Brunel University,
Uxbridge, United Kingdom, 3Pfizer, Groton, CT and 4AstraZeneca, Brixham,
United Kingdom.
Propranolol, a non-specific b1/b2 adrenergic antagonist has been detected in
sewage treatment effluents and receiving waters in Europe and USA. Rainbow trout
have b-adrenergic signalling systems analogous to human cardiovascular receptors
that respond to pharmacological doses of agonists and antagonists. Additional b-receptor sub-types associated with functions that are physiologically different to the
known mammalian functions suggest propranolol may interact with non-cardiovascular systems such as those for homeostasis, reproduction and immunocompetence.
Little information is available on the physiological effects of water-borne propranolol or plasma concentrations in exposed fish. We report that trout took propranolol up from water such that after 40 days of exposure/acclimation, the linear relationship between water and plasma concentrations was described by [plasma] =
0.59[water], (n=31, r=0.96). Thus, uptake may potentially be modelled in fish by
accounting for lipophillicity and processes such as protein binding and metabolism
of the pharmaceutical. Physiological and biometric effects were also examined.
Growth-rate was affected only at very high propranolol concentrations (LOEC
10mg/l). However, additional endpoints suggested morphological responses on the
liver and heart size at 100ng/l (close to environmental measured range), the consequences of which are unknown at present. Interestingly, the mammalian-fish leverage model predicts plasma concentrations at these exposures that would fall within
the range of active mammalian plasma concentrations. Additional endpoints were
examined including ECGs from unrestrained fish.

2246

DEVELOPMENT OF INTERSEX IN JAPANESE MEDAKA
EXPOSED TO ETHINYLESTRADIOL (BIRTH CONTROL
PILL)

C. D. Metcalf and G. C. Balch. Trent University, Peterborough, ON, Canada.
Sponsor: L. Kinter.
Gonadal inter-sex and high prevalences of the female phenotype have been observed in fish populations in urbanized areas. Environmental estrogens discharged
in sewage treatment plant effluents may be responsible for feminization of fish but
there are many compounds in effluents with potential to induce these responses;
including natural and synthetic estrogen hormones, degradation products of
alkylphenol ethoxylate surfactants and plasticizers. In this study, the estrogen hormones, ethinylestradiol, estradiol, estrone and estriol induced inter-sex and altered
sex ratios to predominantly females in the aquarium fish species, the Japanese
medaka (Oryzias latipes). In particular, the synthetic estrogen, 17alphaethinylestradiol (EE2), which is the active ingredient in birth control pills, induced
inter-sex of the gonad at concentrations in water as low 1 ng/L. This condition is
characterized by the presence of ovarian tissue in the testis of male fish. Monitoring
data indicate that concentrations of EE2 and natural estrogen hormones detected
in the final effluents of sewage treatment plants are generally greater than the
Lowest Observed Effect Levels for alterations to gonadal development in medaka.
These data indicate that synthetic and natural estrogen hormones may be the compounds responsible for feminization of fish in populations downstream of sewage
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treatment plants. We have observed similar types of gonadal feminization, as well as
induction of vitellogenin in populations of white perch (Morone americana) captured in urbanized areas of the Great Lakes.

2247

SELECTIVE SEROTONIN REUPTAKE INHIBITORS IN
THE ENVIRONMENT: AQUATIC OCCURRENCE, FATE
AND EFFECTS

B. W. Brooks and J. K. Stanley. Department of Environmental Studies, Baylor
University, Waco, TX.
With advances in analytical chemistry techniques and increased human use pharmaceuticals and personal care products have been detected in surface waters.
Among the classes of pharmaceuticals in the environment are Selective Serotonin
Reuptake Inhibitors (SSRIs), which have been reported in the United States,
Canada and Europe. Here we critically review previous research on the occurrence,
fate and effects of SSRIs in aquatic ecosystems. In arid and semi-arid regions,
stream flows are often perennially dominated by municipal effluent discharges, particularly in urbanized watersheds. Because municipal effluent discharges represent
primary conduits for environmental SSRI introductions, our findings suggest that
occurrence of SSRIs in these systems present high exposure scenarios for aquatic organisms via waterborne, sediment and potentially dietary routes. Responses of
aquatic organisms to environmental SSRI exposures have been investigated in a variety of animal models, including insects, molluscs, cladocerans, amphibians, and
fish. A comparative understanding of serotonergic systems in these model organisms is critical to predicting risk of aquatic organisms to SSRI exposures. Our findings generally support the use of mammalian pharmacological safety information to
predict fish and other aquatic vertebrate responses to SSRIs. Further, our enantiomeric toxicity data for fluoxetine indicates that fish, but not cladoceran, responses to specific enantiomers can be predicted by mammalian safety data.
Subsequently, development of alternative risk assessment approaches for chiral
SSRIs and select invertebrates may be warranted.

2248

ENVIRONMENTAL NSAIDS: OCCURRENCE AND SUBACUTE EFFECTS IN NON-TARGET ANIMALS

C. M. Foran. Department of Biology, West Virginia University, Morgantown, WV.
Sponsor: L. Kinter.
Given the level and types of pharmaceuticals in use, their release from wastewater
treatment plants may constitute a continuous source of these drugs to the aquatic
environment. The concentrations of these medications are generally low, and unlikely to be directly toxic to animals as a result of effluent exposure. However, by design, pharmaceuticals have potent effects on specific biological systems. Some evidence indicates that NSAIDs like ibuprofen have the potential to influence, either
directly or indirectly, the reproduction and survival of aquatic organisms. The primary objective of this presentation is to predict the pattern and frequency of exposure to environmental NSAIDS, and any potential consequences of exposure. The
available literature on NSAID detection will be reviewed, as well as those few studies of exposure to non-target organisms. The activity and diversity of COX enzymes
and their physiological functions will also be considered as a comparative basis for
NSAID impacts. These results can be used with the proposed model to begin to determine if impacts can be predicted for freshwater populations exposed to chronic,
low concentrations of NSAIDs.

2249

LACK OF RESPIRATORY AND CONTACT SENSITIZING
POTENTIAL OF THE INTRANASAL ANTIVIRAL DRUG
CANDIDATE RUPINTRIVIR: A WEIGHT-OF-THEEVIDENCE EVALUATION

L. Burns Naas1, C. Lee2, W. Evering1, L. Ahern1, S. Webber3 and M. Zorbas1.
Worldwide Safety Sciences, Pfizer Global Research & Development, San Diego, CA,
2
Pharmacokinetics, Dynamics, and Metabolism, Pfizer Global Research &
Development, San Diego, CA and 3Stephanie Webber Consulting, San Diego, CA.
1

Rupintrivir is a small molecule 3C protease inhibitor designed to target human rhinovirus as a potential intranasal treatment for the common cold. The ability of
rupintrivir to induce both respiratory and contact hypersensitivity responses was
evaluated using a weight of the evidence approach. A local lymph node assay
(LLNA) in mice evaluating concentrations of rupintrivir up to 50% in dimethylformamide showed no evidence of sensitizing capability. An irritation study conducted in rabbits was performed to assess potential dermal irritancy and provide information for worker safety guidelines. The study showed no evidence of skin
irritation when the material was placed in direct contact with the skin in a semi-occluded fashion for four days. Quantitative whole body autoradiography (QWBA)
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following intranasal instillation of the compound into rabbits showed that the compound was retained in the nasal cavity or was swallowed. No radioactivity was observed in the pulmonary regions of these animals. Histopathologic evaluation of the
nasopharyngeal tract and the lungs of both rats and dogs exposed by intranasal instillation acutely or following repeated intranasal exposures for 14 (rat) or 28 days
(rat and dog) did not reveal any evidence of irritation or inflammation in these regions of the respiratory tract. These data demonstrate that rupintrivir does not
cause irritation or inflammatory responses that may precede the development of
sensitization of the skin or respiratory tract. It was concluded that the weight of the
available toxicologic evidence indicated that rupintrivir was not likely to cause sensitization of either the skin or the respiratory tract in humans following intranasal
delivery.

2250

IN VITRO SCREENING FOR DRUG-INDUCED
ANAPHYLACTOID REACTION USING HUMAN
LEUKEMIC MAST CELLS, HMC-1

T. Hamano and N. Tsutsui. Toxicology Laboratory, Mitsubishi Pharma Corporation,
Kisarazu, Chiba, Japan. Sponsor: J. Sugimoto.
Anaphylactoid reaction, non-IgE-mediated acute hypersensitivity response, occurs
in a significant number of patients treated with some pharmaceutical classes such as
radiographic contrast media, anti-cancer drugs, neuromuscular blockers, antibiotics
and so on. Histamine release by mast cells has been advocated as one possibility of
causes for anaphylactoid reaction, and isolated mast cells from several species including human have been utilized to investigate the mechanism of this adverse
event. For the purpose of selecting drug candidates, which possess less or no potential for anaphylactoid reaction in early phase of drug discovery, cell lines exhibiting
features of mast cells are considered to be superior to primary cultures of isolated
cells. Without a functional IgE receptor, the HMC-1 cells contain an abundance of
histamine. This study was addressed to develop a convenient screening assay for
drug-induced pseudoallergy.
The HMC-1 cells were cultured in Iscove’s modified Dulbecco’s medium supplemented with 10% FBS at 37C and 5% CO2. After incubation for 6-24 hours in
presence or absence of test compound (amidotrizoate, ioxaglate, doxorubicin, suxamethonium and ofloxacin), cells were centrifuged and liberated histamine measured in cell-free supernatants using a competitive EIA. Cellular toxicity at the test
compound concentration used was monitored with MTT assay.
Regardless of the extent of osmolality, the two radiographic contrast media, amidotrizoate (1530 mOsm/kg) and ioxaglate (600 mOsm/kg), caused histamine release from the HMC-1 cells at 10 ml/ml. This concentration was 10-20 times lower
than that required for histamine liberation from isolated human pulmonary mast
cells in a earlier report. Histamine release was also elicited by the other compounds
tested (doxorubicin, suxamethonium and ofloxacin), which have been reported to
cause anaphylactoid reaction in clinical studies. Thus, our data suggest that the
HMC-1 cells can provide an indication of investigational drugs likely to induce an
adverse anaphylactoid reaction.

2251

EXAMINATION OF TOXICOLOGICAL EFFECTS OF AIR
POLLUTANTS ON BASOPHIL (RBL-2H3) ACTIVATION

D. Hochman1, C. Collaco2 and E. G. Brooks2. 1Experimental Pathology, UTMB,
Galveston, TX and 2Pediatrics, UTMB, Galveston, TX.
Rationale: Environmental pollutants are known to exacerbate asthma and allergic
rhinitis; however the mechanism of this induction is not clearly understood. We examined synergistic induction of mast cell/basophil TH2 polarizing cytokines upon
aldehyde exposure in the presence and absence of IgE cross-linking.
Methods: A rat basophil leukemia cell line (RBL-2H3) was exposed to aldehyde
pollutants (acrolein) found in higher concentrations in large cities and industrial
areas, to asses the acute effect on basophil cytokine signaling. Cytokine production
was assessed by RNA transcription measurement via the RNase Protection assay
(RPA). RNA levels were then confirmed by intracellular cytokine staining and
FACS analysis. The synergistic effect of the aldehydes with IgE mediated signaling
was examined by simultaneous cross-linking of anti-dintrophenol (DNP) IgE with
sub-optimal doses of DNP. Exposures were carried out for 6 hours.
Results: Direct exposure of RBL-2H3 to acrolein induced IL-4 and TNF-α at concentrations (1-10 ppm) lower than those that induced degranulation and ROS in
previous studies. Synergistic cytokine expression was observed when acrolein was
incubated with suboptimal concentrations of IgE/DNP cross-linking.
Conclusions: Formaldehyde, acetaldehyde, and acrolein, are capable of directly inducing early-phase degranulation of basophils at high concentrations and cytokine
expression at much lower concentrations. The presence of Th2 polarizing cytokine
activity at these concentrations leads to the conclusion that aldehydes induce an inflammatory response independent of degranulation and in synergistic concert with
allergic IgE cross-linking. Given the important role of mast cells and basophils in
asthma and allergic rhinitis, direct chemical induced inflammation may play a role
in pollutant induced airway hyperreactivity.

2252

COMPARISON OF SUBCUTANEOUS AND ORAL
ROUTES OF EXPOSURE FOR EVALUATING
ALLERGENICITY OF FOOD EXTRACTS

C. C. Bowman and M. K. Selgrade. Immunotoxicology, USEPA/NHEERL, Research
Triangle Park, NC.
Evaluation of the potential for food allergenicity of any given protein is limited by
the lack of an appropriate animal model. In this study we examined the intrinsic allergenicity of foods known to be allergenic (peanut, egg) or non-allergenic
(spinach) by exposing mice either subcutaneously or orally with or without cholera
toxin (CT) as an oral adjuvant. C3H/HeJ mice were subcutaneously (s.c.) injected
(60 ug total protein) or orally gavaged (1 mg total protein) with commercially prepared, acetone-defatted extracts of raw or roasted peanut, egg white, or spinach.
Levels of extract-specific serum IgG and IgE were measured. Injection of all food
extracts elicited 2 to 4-fold increases in extract-specific IgE and 3 to 9-fold increases
in IgG compared to controls. Although all food extracts caused similar increases in
antibody levels after s.c. injection, we observed differences among extracts in their
ability to elicit responses when given orally with CT as an adjuvant. Exposure to
raw or roasted peanut resulted in significantly elevated IgG and IgE responses.
However, neither IgG nor IgE responses in animals orally exposed to egg white or
spinach with CT were significantly higher than those of controls. Not surprisingly,
oral exposure to food extracts in the absence of CT did not elicit food-specific antibody responses. The differences observed among antigens using the oral route of
exposure correlate with the differences in digestibility observed in vitro for these
antigens, i.e. spinach is more digestible than egg, while egg is more digestible than
peanut. Digestibility has been implicated as an important factor in allergenicity.
Our data suggest that intrinsic differences in allergenicity among peanut, egg and
spinach antigens cannot be distinguished by subcutaneous injection. However, oral
administration of proteins, which includes digestion, while overcoming oral tolerance with an adjuvant (in this case cholera toxin) may allow us to evaluate the potential allergenicity of proteins using a more relevant route of exposure. (This abstract does not reflect EPA policy).

2253

THE SENSITIZING AND THERAPEUTIC POTENTIAL OF
NATIVE AND REDUCED/ALKYLATED BRAZIL NUT 2S
ALBUMIN (BER E 1) IN AN ORAL BROWN

L. M. Knippels, S. J. Koppelman, P. Nieuwenhuizen, H. H. de Jongh and A. H.
Penninks. TNO Quality of Life, Zeist, Netherlands. Sponsor: V. Feron.
Background: 2S albumin, a storage protein from Brazil nut, was found to be an important allergen and classified as Ber e1. In this study the disulphide bounds of 2S
albumin were reduced and alkylated (RA-2S albumin) resulting in loss of protein
structure and an increased digestibility in vitro. The purpose of this study is to relate specific structural aspects of Brazil nut 2S albumin to the sensitizing and therapeutic capacity in vivo using an oral Brown Norway rat food allergy model.
Methods: In this study, young Brown Norway rats (n=10) were orally sensitized to
0.1 or 1 mg native- or RA-2S albumin by daily gavage dosing for 42 days without
adjuvants. Thereafter, the animals were orally exposed for 14 days (therapeutic
phase) to 1 mg (RA)-2S albumin and challenged i.v. at day 63 with (RA)-2S albumin. Serum samples obtained at days 0, 28, 42 and 56 were tested for antigen specific IgE, IgG1 and IgG2a antibody levels using a passive cutaneous anaphylaxis
assay and ELISA. Results: Oral exposure to native 2S albumin resulted in native-2S
albumin-specific IgG1, IgG2a and IgE responses at day 42. Subsequent oral exposure of these animals to RA-2S albumin did not result in tolerance to native-2S albumin since severe anaphylactic reactions were observed upon challenge with native 2S albumin. In contrast, oral exposure to RA-2S albumin only resulted in the
development of RA-specific IgG1 and IgG2a whereas no specific IgE could be detected and no clinical reactions were observed. Conclusions: The results of this
study demonstrate the importance of the stability of protein structure in inducing
food allergy. However, RA-2S albumin is not able to induce tolerance or clinical reactions in animals previously sensitized for native-2Salbumin. In addition, we show
that the oral Brown Norway rat food allergy model is able to distinguish the different potential allergenicity of both proteins.

2254

INTER-LABORATORY COMPARISONS OF THE
ASSESSMENT OF PROTEIN ALLERGENIC POTENTIAL
IN MICE

I. Kimber1, C. Herouet-Guicheney2, P. Kennel2, D. Rouquie2 and R. J.
Dearman1. 1Syngenta CTL, Macclesfield, United Kingdom and 2Bayer CropScience,
Sophia Antipolis, France.
Assessment of the potential allergenicity of novel proteins is an important issue,
particularly for those derived from genetically modified plants. We have shown previously that the measurement of specific IgE antibody production induced by systemic (intraperitoneal) exposure of BALB/c strain mice to a range of proteins corre-

lates with allergenic potential. Specific IgE is measured by homologous passive cutaneous anaphylaxis assay (PCA). In the current investigations, inter-laboratory
comparisons have been performed of the measurement of specific IgE antibody. In
two independent experiments, BALB/c strain mice (n = 5) were exposed to 0.1%
peanut agglutinin (PA) or to 2% ovalbumin (OVA), allergenic constituents of
peanut and hens’ egg, respectively. Serial doubling dilutions of serum pooled per
treatment group were analyzed for specific IgE in both laboratories. In both experiments when analyzed in the two independent laboratories, exposure to 2% OVA
induced positive PCA reactions with serum dilutions ranging from neat to 1/32 inclusive, except for one serum dilution (1/8) which was negative in one laboratory in
one experiment. These reactions equate to anti-OVA IgE titers of 1/32 in all cases.
Responses to PA were somewhat more variable. Positive PCA reactions were
recorded in both laboratories with serum diluted from neat down to 1/32 in one experiment (titers of 1/32). However, in the second experiment one laboratory
recorded a titer of 1/32 whereas the other laboratory achieved a titer of 1/16 (serum
samples were PCA positive from neat down to 1/16 dilution only). These data
demonstrate that the induction of IgE antibody is a relatively robust phenomenon
and that the technically demanding method of analysis (PCA) is transferable and
reproducible between laboratories. Further experience with a wider range of proteins is required, but results to date are encouraging that this approach may provide
a method for the prospective identification of protein allergens.

2255

IGE RESPONSES TO THE MAJOR BRAZIL NUT
ALLERGEN BER E 1 : IMPACT OF PLANT LIPIDS

R. J. Dearman1, M. J. Alcocer2 and I. Kimber1. 1Syngenta CTL, Macclesfield,
Cheshire, United Kingdom and 2University of Nottingham, Nottingham, United
Kingdom.
It has been demonstrated previously that lipids, particularly bacterial lipopolysaccharide (LPS), can impact on immune responses to proteins, with low doses of LPS
enhancing type 2 responses including IgE antibody production. We have examined
the influence of extracts of native plant lipids on antibody responses provoked by a
preparation of recombinant (r) Ber e 1 produced in Pichia pastoris. BALB/c strain
mice (n=5) received 2.5 mg of rBer e 1 alone, or supplemented with lipid fractions
isolated from native brazil nuts (stoichiometry 1:1 with respect to phosphatidyl
choline content of mixture) by intraperitoneal injection on days 0 and 7. Seven
days later, serum samples were analyzed for specific IgE antibody by homologous
passive cutaneous anaphylaxis assay (PCA) and for IgG1 by enzyme-linked immunosorbant assay (ELISA). Under the experimental conditions used exposure to
rBer e 1 alone failed to induce detectable IgG or IgE antibody. Administration of
rBer e 1 in the presence of the total lipid fraction isolated from native brazil nuts resulted in relatively high titer IgG antibody and 3 of 5 animals were IgE responders.
Co-administration of the complex lipid fraction also resulted in a similar marked
adjuvant effect on IgG and IgE antibody. The steroid and low molecular weight
lipid fractions induced low level IgG antibody and had little impact on IgE antibody production. Native Ber e 1 containing endogenous lipids also provoked IgG
and IgE antibody responses. Identical IgE and IgG antibody responses were detected regardless of whether native or rBer e 1 was used as substrate in the PCA or
ELISA. These data suggest that endogenous brazil nut lipids are required for the induction of optimal antibody responses to Ber e 1 in the BALB/c strain mouse. The
observation that the appropriate antibody binding sites are present on both native
and recombinant forms of Ber e 1 suggests that the impact of lipid is on the acquisition of sensitization, and is possibly required for effective antigen presentation.

2256

DEVELOPMENT OF A NOVEL RAT MODEL FOR
EVALUATION OF RESPIRATORY HYPERSENSITIVITY
POTENTIAL OF INHALATION DRUGS

C. Maier, C. Genell, A. Hillegas and D. J. Herzyk. GlaxoSmithKline, King of
Prussia, PA.
Certain low molecular weight (LMW) chemicals are known to elicit respiratory hypersensitivity reactions in exposed industrial workers, thus there is a need in the
pharmaceutical industry to evaluate this risk for novel inhaled drugs. To address inadequacies in current animal models and identify experimental endpoints that
could be measured as a function of respiratory hypersensitivity, we have developed
a novel rat inhalation model using a LMW respiratory allergen, trimellitic anhydride (TMA), as a tool compound. Female Sprague Dawley rats were given 12 daily
nose-only inhalation doses (sensitization), followed by a two week off drug period,
and 3 daily nose-only inhalation doses (challenge) at 0 (air-only), 200 or 2000
µg/kg TMA (particle size 2.5 ± 2.0 µm). Rats were killed 24 hours after the last
challenge dose. In general, inflammatory changes in lung and lung draining lymph
node were more prevalent and severe in the TMA sensitization/challenge groups
than in the TMA sensitization-only or challenge-only groups, indicating that the
TMA challenge elicited hypersensitivity reactions in rats previously exposed to
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TMA. Robust parameters indicative of respiratory hypersensitivity included increased proliferation (in vivo BrdU incorporation) in lung draining lymph node,
increased total cell count and protein in BAL and microscopic changes in lung of
perivascular and peribronchiolar mononuclear cell infiltration, increased alveolar
macrophages and hyperplasia of BALT. The findings presented here demonstrate
that this rat inhalation respiratory hypersensitivity (RRH) model has utility in the
assessment of respiratory hypersensitivity potential of inhaled LMW chemicals.
While the RRH model does not recapitulate the patho-physiology of allergic
asthma reactions routinely seen in man against respiratory LMW allergens, it has
distinct advantages over current models based on the route of exposure, preferred
toxicology species, reduction in animal number and robust endpoints of respiratory
hypersensitivity reactions.

2257

RELATIVE POTENCY OF FUNGAL EXTRACTS IN
INDUCING ALLERGIC ASTHMA-LIKE RESPONSES IN
BALB/C MICE

Y. Chung, L. Copeland, M. Selgrade and M. D. Ward. NHEERL/ETD/ITB,
USEPA, Research Triangle Park, NC.
Indoor mold has been associated with the development of allergic asthma.
However, potency of molds relative to other allergens in the induction of allergic
asthma is not clear. In this study, we tested the relative potency of two fungal extracts (Metarhizium anisopliae [MACA] and Stachybotrys chartarum [SCE]) and
house dust mite extract (HDM) - a well known source of allergens- to induce allergic responses in BALB/c mice. The fungal protein extracts as well as house dust
mite extract were administered by involuntary aspiration (IA) at several doses (2.5,
5, 10, 20, 40, and 80 µg) four times over a four-week period. Three days after the
last IA exposure, serum and bronchoalveolar lavage fluid (BALF) were harvested.
BALF total cell counts, BALF differential cell counts including eosinophils, and
serum total and specific IgE were assessed. The lowest dose that resulted in the
highest eosinophil counts in BALF was 20 µg of MACA. The lowest dose that produced a significant increase of total IgE in serum was also 20 µg of MACA where
total IgE levels from 20 µg of SCE- and HDM-treated mice were similar to each
other but lower than that of MACA-treated mice. Antigen specific IgE was assayed
in rat basophilic leukemia (RBL) cells. MACA-treated mice had the highest specific
IgE amount based on β-hexosaminidase release. Taken together, the potency ranking for the induction of allergic asthma-like responses in the mouse model is
MACA > SCE = HDM. (This abstract does not reflect EPA policy.)

2258

A COMPARISON OF CYTOKINE MESSAGE AND
PROTEIN PROFILES OBTAINED FOLLOWING DERMAL
EXPOSURE TO DIISOCYANATES

E. H. Boykin, M. J. Daniels, D. L. Andrews and M. K. Selgrade. ITB/ETD,
USEPA, Research Triangle Park, NC.
Exposure to certain low molecular weight chemicals is associated with asthma. A
simple method to identify this hazard is needed. Increased expression of Th2 cytokine mRNA in draining lymph nodes following dermal exposure and increased
production of Th2 cytokines by cultured cells from these lymph nodes have been
pursued as possible screening tests, usually with chemicals of known sensitizing potential. Previously, we developed cytokine mRNA profiles using the RNAse protection assay for 6 diisocyanates (some well-documented sensitizers and others less
documented), 1% toluene diisocyanate (TDI); 2% diphenylmethane-4,4’-diisocyanate (MDI); 2% dicyclohexylmethane-4,4’diisocyanate (HMDI); 2%
isophorone diisocyanate (IDPI; 1% P-tolyl (mono) isocyanate (TMI); 1% metatetramethylene xylene diisocyanate (TMXDI); and 1% dinitrochlorobenzene
(DNCB, not a respiratory sensitizer). The diisocyanates could be divided into high
& low responders based on Th2 cytokines. Here we compare cytokine profiles obtained for these same chemicals using different methods. Lymph node cells from
treated animals were cultured with and without concanavalin A (ConA).
Supernatants from ConA treated (24 hr culture) and untreated cells (120 hr culture) were collected. Both ELISA and Luminex were used to assay supernatants for
cytokines. Message RNA in lymph node and cultured cells was assessed using RTPCR. For all methods tested the diisocyanates fell into 2 groups similar to those
identified using RNAse protection Th2 cytokines. As with the RNAse protection
assay, we were unable to make distinctions between the diisocyanates and DNCB
based on the Th1 cytokines. Monocyte chemoattractant protein-1 (MCP-1), a cytokine associated with diisocyanate asthma was most prominently expressed in cells
from HMDI, IDPI, TMXDI, and DNCB treated mice. In summary, regardless of
method used diisocynates fell into 2 groups based on Th2 cytokine profiles. Th1
and MCP-1 did not yield useful distinctions. (This abstract does not reflect EPA
policy).
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TRANSCRIPT PROFILING OF MURINE ALLERGENACTIVATED LYMPH NODE CELLS (LNC)

C. J. Betts, K. Ratcliffe, R. Currie, R. J. Dearman and I. Kimber. Syngenta CTL,
Macclesfield, United Kingdom.
Gene expression changes have been assessed following topical exposure of BALB/c
strain mice to the chemical respiratory allergen trimellitic anhydride (TMA) using
glass chip multiple transcript arrays. Lymph node tissue was isolated 24h to 120h
after a single topical exposure to 10% TMA or to vehicle alone, further controls
were untreated (naïve). Under these exposure conditions, allergen-activated lymph
nodes are relatively quiescent with respect to increases in total lymph node cellularity and proliferation until 48h following treatment. Lymph nodes were pooled per
treatment group and total RNA was prepared using Qiagen RNeasy mini kits.
cRNA was synthesized, biotinylated and fragmented using Affymetrix protocols
and reagents. Fragmented cRNA was hybridized to GeneChip® Mouse Genome
430 2.0 Arrays (Affymetrix; 45,101 probe sets for 39,000 transcripts and variants
from 34,000 genes). GeneChips were then analyzed using GeneChip Scanner
3000 and GeneChip Operating Software. Data were normalized for intensity and
genes showing 2-fold or greater changes compared with the median value identified. Although 21,000 probe sets were detected in lymph node tissue, only 48 genes
with statistically significant (p<0.05) allergen-specific alterations were identified.
Of these genes, 50% were up-regulated 24 to 48h after treatment, 36% were upregulated at 72h and 13% were down-regulated 72 to 120h post-exposure. In general, early (24 to 48h) up-regulated genes were associated with immune or inflammatory responses; including immunoglobulin heavy chain genes IGH-4 and -6
(6-fold increase) and certain chemokine ligands (5-fold increase). These changes
were followed at 72h by up-regulation in cell cycle genes, such as cyclins B1 and B2
(4-fold increase). Up-regulated genes returned to control levels within 120h, or in
some cases gene expression in allergen-activated tissue was markedly lower than
control levels at these later time points. The utility of selected genes as markers for
the identification of chemical respiratory allergens will be explored further.

2260

DIFFERENTIAL ACTIVATION OF LANGERHANS’ CELLS
(LC) BY CONTACT AND RESPIRATORY CHEMICAL
ALLERGENS

L. Schneider1, M. Cumberbatch2, R. J. Dearman2, I. Kimber2 and C. Griftiths1.
1
Manchester University, Manchester, United Kingdom and 2Syngenta CTL,
Macclesfield, CHESHIRE, United Kingdom.
Topical exposure of BALB/c strain mice to the contact allergen dinitrochlorobenzene (DNCB), or to the respiratory allergen trimellitic anhydride (TMA), promotes the selective development of type 1 and type 2 immune responses, respectively. Epidermal LC play critical roles in the induction of cutaneous immune
responses, and may contribute to the polarization of T lymphocyte function by different classes of chemical allergen. Allergen-induced effects on LC maturation have
been measured using flow cytometry as a function of changes in expression of
membrane markers associated with LC activation (MHC class II [Ia], CD40,
CD54, CD80 and CD86). Epidermal cell suspensions were prepared 24, 48 and
72h following a single topical application of 1% DNCB or 25% TMA; concentrations of allergens shown previously to elicit polarized immune responses. In vehicle
control-treated skin, the proportion of Ia+ LC dual stained for CD40 or CD80 (less
than 10%), CD86 or CD54 (approximately 30% and 90%, respectively), remained
relatively constant. Treatment with DNCB caused a rapid (within 24 h) increase in
the frequency of Ia+/CD86+ LC (to 80%), and a time dependent increase in the frequency of both Ia+/CD40+ LC (to 40%) and Ia+/CD80+ LC (to 20%) by 72 h.
DNCB treatment was associated also with a rapid increase (within 24 h), relative to
vehicle, of the level of expression by LC of Ia, CD86, CD54 and CD40. Exposure
to TMA also resulted in an increase in the percentage of Ia+/CD86+ LC (to 50%) by
24 h and elevated expression of both CD54 (at 24 h) and CD86 (by 72 h). These
data show that LC remaining in the epidermis following exposure to DNCB and
TMA differ with respect to their maturation status. Taken together with previous
observations that TMA, but not DNCB, results in the rapid induction of cutaneous
interleukin-10 and delayed LC migration, this suggests epidermal LC are important targets for the polarization of immune responses to chemical allergens.

2261

DIFFERENTIAL CUTANEOUS CYTOKINE RESPONSES
INDUCED BY THE SKIN SENSITIZING CHEMICALS
2,4-DINITROCHLOROBENZENE (DNCB) AND 2,4DINITROTHIOCYANOBENZENE (DNTB)

M. Cumberbatch, R. Almond, R. J. Dearman and I. Kimber. Immunology,
Syngenta CTL, Macclesfield, United Kingdom.
Previous investigations in mice have suggested that DNTB may act as a topical
tolerogen. However, we have found that DNTB induces in mice contact hypersensitivity responses similar to those observed with its structural homologue, DNCB.

Furthermore, both DNTB and DNCB when applied topically were found to stimulate draining lymph node cell (LNC) proliferation, the development of a cytokine
secretion pattern by LNC characteristic of contact allergens and accumulation of
dendritic cells (DC) in draining lymph nodes. Nevertheless, in contrast to DNCB
where at least a proportion of the accumulating DC are believed to derive from epidermal Langerhans’ cells (LC), exposure to DNTB was not associated with changes
in local epidermal LC frequency. Furthermore, the accumulation of draining lymph
DC caused by DNTB was found to require interleukin (IL)-1β, but not tumor
necrosis factor-α (TNF-α), both of which cytokines are normally required for LC
mobilization. We have now compared cutaneous cytokine secretion profiles induced following exposure of BALB/c strain mice to 1% DNCB, 1% DNTB, or vehicle (acetone:olive; AOO) alone. Groups of mice (n=10) were exposed on the dorsum of both ears to chemical 2 and 4h prior to preparation of dorsal ear explants for
culture on medium for 16h. Analysis of culture supernatants revealed that exposure
to DNCB was associated with increased secretion of IL-1α and IL-1β in explants
prepared 2 and 4h following treatment, similar to the profile induced by DNTB.
However, whereas DNCB was associated with a rapid increase in TNF-α secretion
2h following exposure that had declined by 4h, DNTB failed to stimulate production of this cytokine. In addition, only DNCB caused an early increase in IL-17 secretion. These results are in agreement with the differential cytokine requirements
observed for DC accumulation in response to these chemicals and support the hypothesis that DNTB may provoke dermal DC migration rather than epidermal LC
mobilization.

2262

REPEATED TOPICAL APPLICATION OF THE HAIR
DYES PPD AND PTD DOES NOT INDUCE AN
ALLERGIC TH2 DEPENDENT IMMUNE RESPONSE
WITH ELEVATED IGE LEVELS IN VIVO

H. Rothe1, N. Honarvar2, H. Scheffler1 and C. Goebel1.
Productsaftey/Toxicology, Wella AG, Darmstadt, Germany and 2RCC-CCR, Rossdorf,
Germany. Sponsor: F. Gerberick.

1

p-Phenylendiamine (PPD) and the structurally related chemical pToluylendiamine (PTD) are frequently used oxidative hair dye precursors that may
induce a delayed type (contact) allergy immune response (i.e. Th1) in susceptible
subjects. Rare cases showing symptoms of an immediate type allergy, based on a
Th2 immune response, were reported.
In order to explore an experimental model to investigate a potential shift from a delayed type to an immediate type allergy, we used the following design:
Groups of mice received repeated topical applications of PPD, PTD (at in-use concentrations of hair dyes) and the positive control TDI (Toluene 2,4-diisocyanate).
Fifteen days later, indicators of the respective type of immune response were measured in the draining lymph nodes and sera (IFN-γ for Th1 activities, IL-4 for Th2
activities and IgE as a marker of an immediate type allergy).
All PPD and PTD treated groups showed a weak induction of a Th2 related immune response in the lymph nodes compared to the controls, i.e. a significant increase in IgE+ B cell numbers and a dose dependent increase in the mRNA expression of the Th2 cytokine IL-4. These effects were orders of magnitude higher for
the positive control TDI. Furthermore, PPD and PTD also induced an increase of
the Th1 cytokine IFN-γ, resulting in a Th2/Th1 ratio comparable to the vehicle
control. In contrast, no induction of this Th1 cytokine was found for TDI.
Consequently, a strong Th2 immune response (high Th2/Th1 ratio) was induced
in TDI treated animals with additionally high IgE levels in sera.
We conclude from the missing IgE levels and low Th2/Th1 ratios, that repeated
topical applications of in-use concentrations of PPD and PTD do not induce a shift
to immediate type allergy.

2263

INFLAMMATORY AND IMMUNOLOGICAL EVENTS IN
A MOUSE MODEL EXPOSED TO TOLUENE
DIISOCYANATE

K. Zheng, K. Kouadio and M. Ariizumi. Environmental and Preventive Medicine,
Faculty of Medicine, University of the Ryukyus, Okinawa, Okinawa, Japan. Sponsor:
P. Keohavong.
To investigate the inflammatory and immunological events in the airways and other
systems induced by a short period of repeated exposure to toluene diisocyanate
(TDI), an animal model, which resembles the industrial field exposure, was established. BALB/c mice were exposed whole-bodily to 0.38 and 1.26 ppm TDI vapor
4 h a day for 5 consecutive days in a chamber, then bronchoalveolar lavage (BAL)
was performed and the cellular contents and eosinophil peroxidase (EPO) activity
in the BAL cells were determined. The cytokine proteins from BAL fluid and cytokine mRNA from BAL cells were analyzed. Lung histological changes were also
examined. Spleens were removed and spleen cells were cultured and cytokine productions were measured. Differential leucocytes in peripheral blood were analyzed
and total serum IgE and serum cytokines were determined as well. The results

showed that exposure to both concentrations of TDI vapor resulted in acute airway
hypersensitivity symptoms. BAL cellular analysis and lung morphological examination revealed that inflammatory response characterized with marked eosinophil infiltration occurred in the central and peripheral airways. EPO test further confirmed eosinophil infiltration in the lungs. Cytokine protein determination
demonstrated that IL-4 was significantly secreted in the airways, and cytokine
mRNA analysis also revealed that IL-4 mRNA was preferentially produced. The
differential leucocyte analysis in peripheral blood showed an increasing tendency of
eosinophil, but total serum IgE and serum cytokines were not significantly increased. These findings indicated that a short period of exposure to TDI may cause
respiratory hypersensitivity in which airway inflammation represented by
eosinophil infiltration and Th2 cytokines may play an important role. This animal
model may be a suitable model for exploring the mechanism underlying TDI-induced occupational asthma.

2264

EXPOSURE OF MICE TO PHTHALATE IS WITHOUT
ADJUVANT EFFECT ON ANTIBODY RESPONSES
L. Beresford, L. Bailey, C. J. Betts, R. J. Dearman and I. Kimber. Syngenta CTL,
Macclesfield, CHESHIRE, United Kingdom.
The prevalence of IgE-mediated allergic diseases (including respiratory allergy and
asthma) in Western Europe and the US has been increasing over the last decades. It
has been suggested that one possible cause is the presence in the environment of
chemicals that may act as adjuvants, including certain commonly used phthalate
plasticizers, such that used most widely worldwide, di-(2-ethylhexyl) phthalate
(DEHP). It has been reported elsewhere that subcutaneous administration to mice
of DEHP (at 2mg/ml; 50µl) in the presence of the common food allergen ovalbumin (OVA) resulted in an increase in anti-OVA IgG1 antibody production compared with mice exposed to OVA alone. In those experiments, IgG1 antibody was
used as a surrogate for IgE antibody (the class of antibody that mediates food allergic responses) and DEHP was without effect on anti-OVA IgE antibody production. We have now investigated the ability of DEHP when applied topically to
BALB/c strain mice to affect anti-OVA IgG1 and IgE antibody responses induced
by subcutaneous exposure to OVA. Concentrations of DEHP (500mg/ml; 100µl)
were used that resulted in a marked (approximately 30%) increase in liver weight.
Under conditions where anti-OVA IgG1 antibody responses were sub-optimal (immunization with 1µg OVA) topical administration of DEHP was without impact
on anti-OVA antibody responses, regardless of whether DEHP was applied local or
distant to the site of OVA immunization. Furthermore, at doses that were sub-optimal for anti-OVA IgE antibody production (immunization with 0.05 µg OVA),
exposure to DEHP did not influence IgE antibody responses. These data indicate
that the reported adjuvant effect of DEHP may be a feature of the subcutaneous
route of exposure as topical application of concentrations of DEHP that provoked
marked systemic effects were without effect on the induction of immune responses.

2265

ALLERGEN-INDUCED CYTOKINE AND CHEMOKINE
RESPONSES IN A549 HUMAN ALVEOLAR TYPE II-LIKE
BRONCHIAL EPITHELIAL CELL CULTURES
J. Y. Edwards1, M. Baccam1, K. Sarlo1, L. Fridthjof2, N. Berg2, N. K. Soni2 and
E. Roggen2. 1Miami Valley Laboratories, Procter & Gamble Company, Cincinnati,
OH and 2Novozymes, Bagsvaerd, Denmark.
Not all inhaled proteins will induce an allergic IgE response. Evidence from nature
and experimental studies suggest that different proteins have different abilities to
induce an allergic response. How a protein interacts with the airway epithelium
may offer clues as to why some proteins are allergens. Using A549 human alveolar
type II-like bronchial epithelial cells, we assessed cytokine/chemokine secretion following exposure to different protein allergens. A549 cells were grown to confluency
in 6-well plates and incubated in serum free medium 24 hours prior to protein exposure. The cells were incubated with protein for 24 hours and the supernatants
tested for IL-6, IL-8, GM-CSF, M-CSF and MCP-1 by ELISA. The following protein allergens were tested: serine proteases from B. licheniformis (Alcalase®), B.
claussi (Savinase®), B. amyloliquifaciens (BPN’Y217L), recombinant dust mite allergens (rDer p1, rDer f1), recombinant plant allergens from apple (rMal d1), celery (rApi g1) and ragweed (rAmb a1)and recombinant cockroach allergens (rBla g1,
rBla g4). Bovine serum albumin (BSA) was used as a non/poor allergen control and
IL-1alpha + TNFalpha was the positive control. Among the allergens tested, 100%
were found to induce IL-8 and M-CSF; 80% MCP-1, 60% GM-CSF and 20% IL6. BSA induced IL-8 secretion. There were quantitative differences among the proteins and secretion of M-CSF: 10ug/ml dust mite allergens induced greater M-CSF
as compared to the other recombinant proteins; 1ug/ml Bacillus proteases induced
comparable levels of M-CSF as 10ug/ml dust mite allergens. BSA did not induce
M-CSF. The 3 bacterial proteases were negative for MCP-1. This may be due to
protease digestion of the chemokine. Additional cytokines/chemokines are being
tested along with other proteins and the relevance of these responses to allergy investigated. Whether the response of A549 cells can be used to screen proteins as potential allergens remains to be determined.
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2266

CIS-BIXIN IS RESPONSIBLE FOR THE POSITIVE
CONTACT SENSITIZATION INDUCED BY ANNATTO
IN FEMALE BALB/C MICE
W. Auttachoat1, D. R. Germolec2, K. L. White1 and T. L. Guo1.
1
Phar/Toxicology, Virginia Commonwealth University, Richmond, VA and 2NIEHS,
Research Triangle Park , NC.
Our previous studies have demonstrated that the natural dye annatto (ANT) could
induce a contact hypersensitivity response in female BALB/c mice. ANT at 1-25%
w/v in acetone induced a three-fold increase of lymph node cell proliferation in the
Local Lymph Node Assay (LLNA) when compared to the vehicle control, and a significant increase of the percent ear swelling was also observed in the Mouse Ear
Swelling Test (MEST) at 24 hr after ANT challenge. In contrast, the purified pigment of annatto, norbixin (NOR: C24H28O4), did not alter lymph node cell proliferation in the LLNA. A significant increase in the percentage of B cells (Ig+) in the
auricular lymph node was also observed in animals exposed to ANT as evaluated by
flow cytometric analysis. In addition, neither ANT nor NOR induced any irritant
response in the Irritancy Assay (IRR). Thus, the current studies were performed to
determine if the contact sensitization effect of annatto was due to the other major
pigment cis-Bixin (cis-BIX: cis-C25H30O4). These studies were also conducted in
female BALB/c mice by applying cis-BIX [(0.05-12.5% w/v in acetone: olive (4:1)]
topically, and the LLNA, IRR, MEST and flow cytometric analysis were performed. A significant increase in lymph node cell proliferation was observed in
mice treated with 0.05-1% (w/v) of cis-BIX without any irritant effects. The contact sensitization effect of cis-BIX was further confirmed in the MEST assay when
an increase of percent ear swelling in mice treated with cis-BIX (0.5-5%) was observed. Phenotypic marker analysis demonstrated that exposure to cis-BIX (5%
w/v) induced a significant increase in the percentage of co-stimulator molecule
B7.2 positive cells in the draining lymph node. In summary, these results demonstrate that in female BALB/c mice, cis-Bixin, but not norbixin is responsible for the
contact sensitization induced by annatto (Supported by the NIEHS Contract ES
05454).

2267

INHIBITION OF DELAYED CONTACT
HYPERSENSITIVITY IN THE MOUSE – A VALIDATION
STUDY
S. Rowton. Covance Laboratories LTD., Harrogate, United Kingdom. Sponsor: D.
Everett.
The ability of a compound to induce, or prevent a delayed contact hypersensitivity
response can be assessed in a number of ways. For screening purposes one of the
simplest in vivo models for such investigation is the ear oedema model in the mouse.
Contact hypersensitivity is most often triggered by haptens, i.e. small molecules
which combine with and modify the body’s own proteins to produce an antigenic
response, and is characterised by a reaction forming at the site of contact (challenge). Once sensitised, a subsequent encounter with the antigen results in the aggregation of mononuclear cells around blood vessels and glands in the epidermis
producing oedema.
In this model, on Day 1, each mouse is sensitised by a single, topical administration
of 2% (w/v) oxazolone (a well recognised hapten) onto the abdominal skin. Eight
days later, each mouse is challenged by the topical application to the right ear of 2%
(w/v) oxazolone, or test article formulated in 2% (w/v) oxazolone. The left ear is
treated with acetone alone. Twenty-four hours following challenge, the mice are
killed and a small circular section removed from each ear. Ear sections are weighed
to provide an indication of the degree of oedema.
For validation purposes, the hypersensitivity effect of oxazolone was examined. As
anticipated, when compared to the control ear, oxazolone produced a statistically
significant increase in ear oedema as demonstrated by an increase in ear weight.
Validation of the anti-inflammatory effect of test articles using this model employed the corticosteriods fluocinonide [5% (w/v)] and hydrocortisone [0.003%
(w/v)]. Topical administration of fluocinonide at the time of challenge produced a
statistically significant inhibition of oxazolone-induced ear oedema in the mouse,
when compared to the control group. Topical administration of hydrocortisone
failed to have an effect at the dose examined in this model.

2268

GENE EXPRESSION AND CYTOKINES PROFILES FOR
THE DIFFERENTIATION OF CHEMICAL SENSITIZERS
AND IRRITANTS
H. Ku1, S. Jeong1, H. Kang1, H. Pyo1, J. Cho1, S. Son1 and D. Ryu2.
1
Toxicology Division, NVRQS, Anyang, Kyunggi, South Korea and 2College of
Veterinary Medicine, Seoul Nat’l University, Seoul, South Korea.
Chemical sensitizers and irritants exposed to skin may induce contact dermatitis. It
is difficult to differentiate between sensitizers and irritants because of similar clinical and histopathological findings, though the mechanisms are different as allergic
reaction by sensitizers and direct acute cytotoxicity by irritants. To determine the
parameters for the differentiation between those two kinds of chemicals, we investi-
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gated ear swelling, histopathological findings, lymphocytes proliferation, cytokine
profiles and gene expression in auricular lymph node by consecutive 3 days topical
exposure to sensitizing chemicals (1% dinitrochlorobenzene, 1% 2-phenyl-4ethoxymethylene-5-oxazolone, 1.5% toluene 2,4-diisocyanate) and irritants (1%
croton oil and 10% glutaraldehyde) in CBA mice.
Ear skin was swelled with thick epidermis at all groups compared to vehicle control
(acetone/olive oil, 4/1). Cell counts in auricular lymph node were significantly increased at all groups but the intensity was higher at sensitizers groups than those at
irritants groups. In cytokines profiles induced in auricular lymph node cells, IL-1a,
IL-1b, IL-2, IL-6, TNF-a, IL-12(p40), IL-17 and G-CSF were increased at all
groups, but IL-3, IL-4 and IFN-r induced only at sensitizers groups. There were
373 genes differentially expressed with a minimum of two-fold change at sensitizers
groups not in irritants group relative to vehicle control in auricular lymph node,
while there were 13 genes differentially expressed only at irritants groups and 41
genes commonly expressed at both sensitizer and irritants groups.
These results suggest that sensitizers and irritants stimulate the proliferation of
lymphocytes in local lymph node via different way of activation in cytokines and
gene expression and those cytikine and genetic profiles can be used for differentiation of chemical sensitizers and irritants inducing contact dermatitis.
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CHEMICAL SUBSTANCES WHICH EACH COUNTRY
EVALUATES TO PRODUCE SENSITIZATION
T. Murakami1, T. Oyama1, T. Isse1, R. Narai2, 1, T. Kinaga1, M. Ogawa1, T.
Yamaguchi1 and T. Kawamoto1. 1Department of Environmental Health, University
of Occupational and Environmental Health, Kitakyushu, Japan and 2Mazda Motor
Corporation, Hiroshima, Aki, Japan.
Allergic diseases caused by occupational chemical exposure are often medically
treated without defining causative substances (sensitizers). However, the basic medical treatment for allergic disease is avoidance of exposure to the allergen by identifying the causative substance (sensitizer). Therefore, in the field of occupational
health, it is important to obtain information regarding the identity of the substance
that causes sensitization.
We cross checked and evaluated the information available on sensitizers. The databases from which we obtained information on sensitizers are recognized by the
Japanese Government and include Pollutant Release and Transfer Register (PRTR),
Japan Association of Industrial Health (JSOH 2004), American Conference of
Governmental Industrial Hygienists (ACGIH 2004), European Union (EU), and
Deutsche Forschungsgemeinschaft (DFG 2004). Five organizations have identified
a total of 847 substances (containing these compounds) that cause sensitization.
A total of 36 substances have been classified as sensitizers by JSOH, 16 by PRTR,
25 by ACGIH, 201 by DFG, and 719 by EU. The common feature of the classification criteria published by each institution is that they define sensitizers as substances that cause specific respiratory hypersensitivity and/or sensitization by skin
contact in humans and/or animals. Of the substances identified by these organizations, 9 substances were found to feature in all the lists. These are as follows:
Formaldehyde, Methyl methacrylate, Phthalic anhydride, Methylene bisphenyl isocyanate (MDI), Ethylenediamine, Maleic anhydride, Glutaraldehyde, Trimellitic
anhydride (TMA), Hexamethylene diisocyanate (HDI), and Toluene-2,4-or 2,6-diisocyanate .
There are a few evaluated sensitizers that are common in every list. Further, the
classification criteria differ between every organization.
We believe that a common classification system of sensitizers is necessary.
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ALLERGENS IN THE WORKPLACE: J&J TIER
APPROACH FOR OF PHARMACEUTICAL ACTIVES
R. DeLuca. WW Health & Safety, J&J, Springhouse, PA.
A scientific approach to calculating an airborne occupational exposure limit (OEL)
for protein/enzyme-pharmaceutically active compounds that have the potential to
cause dermal or respiratory sensitization is not yet developed. In the absence of such
a model, a tier approach was derived to assign pharmaceutically active proteins and
enzymes to a ‘Control Band’ to assure appropriate handling in the workplace, so as
to minimize the risk of induction in the sensitization process. The ‘Control Bands’
define the engineering and administrative controls required to protect the worker
from both respiratory and dermal overexposures. This presentation provides the
Johnson & Johnson approach on assessing the hazards of these types of compounds, and ultimately how to deal with them in the workplace.
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INVESTIGATION OF THE RELATIONSHIP BETWEEN
INDUCTION AND ELICITATION THRESHOLDS FOR
CONTACT ALLERGY
J. Lalko and A. Api. Research Institute for Fragrance Materials, Inc., Woodcliff Lake,
NJ.
Cell-mediated contact allergy, as most toxicological effects, follows a dose-response
relationship for which a threshold dose resulting in no observable effects can be experimentally determined. Contact allergy presents additional complexity in that

two thresholds need to be considered for allergy to be expressed. First is the induction threshold or the dose necessary to train the immune system to react to an antigen. Second is the elicitation threshold or the dose necessary for a previously
trained immune system to react on subsequent exposure. A hypothesis has recently
been put forth by others stating that ‘elicitation thresholds [for dermal sensitization] vary according to the severity of the induction regime’. That is, the lower the
concentration during induction the higher the concentration necessary to elicit a
reaction and vice versa. As a test of this hypothesis, we conducted a series of Buehler
delayed hypersensitivity tests in guinea pigs with a fragrance ingredient - methyl octine carbonate (MOC). Each assay consisted of three challenge groups induced
with the same concentration of test material. A vehicle and positive control group
were included. Induction applications were made via 6-hour occluded patches
(once a week for 3 weeks) to the same site with MOC in 4:1 ethanol:water at 0.5%,
1.5% or 5.0%. Two weeks later challenge applications were made to a virgin site by
a single 6-hour occluded patch of MOC in diethyl phthalate at 0.5%, 5.0% or
15%. Readings were conducted at 24 and 48 hours after patch removal. Induction
at a concentration of 0.5% resulted in the highest non-eliciting dose being 5%.
Induction at 1.5% resulted in the highest non-eliciting dose being 0.5%. At induction with 5% all challenge concentrations were observed to elicit a response. The results provide further evidence to support the hypothesis of an inverse relationship
between induction and elicitation thresholds. Additional work is currently being
planned to fill in the dose-response curve and to determine if a more robust response can be obtained.
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MOUSE POPLITEAL LYMPH NODE ASSAY FOR
ASSESSMENT OF ALLERGIC POTENTIALS OF LOWMOLECULAR COMPOUNDS
T. Aida, R. Kawai, I. Igarashi, K. Kumagai, M. Ajioka, S. Hakamata, M.
Teranishi, T. Kimura, S. Manabe and T. Furukawa. Medicinal Safety Research
Laboratories, Sankyo Co., LTD., Fukuroi-shi, Shizuoka, Japan.
Mouse popliteal lymph node assays (PLNA), which use the lymphoproliferative response as an evaluation indicator, have been utilized for the immunotoxicological
screening of drugs and other low-molecular chemicals. However, in these previous
studies, PLNA was mainly used to evaluate autoimmunity-inducing chemicals, and
very few allergenic chemicals were tested. The purpose of the present study is to elucidate the immunological characteristics of mouse PLN response to allergenic compounds. A/J mice were subcutaneously injected with sodium 2,4,6-trinitrobenzenesulfonate dihydrate (TNBS) or penicillin G in the right hind footpad. In the
kinetics of PLN response in the mice after primary and secondary immunizations
with the two compounds, the secondary response featured faster kinetics and a
lower elicitation dose than that required for primary response, suggesting that the
PLN response was an antigen-specific reaction. Cell subsets in enlarged PLN were
monitored using a flow cytomerter. A single subcutaneous injection of TNBS and
penicillin G obviously increased the lymphocyte proportion of B-cells. The immunohistochemistry also indicated increases in B-cells in the cortex of the PLNs.
The cytokine levels of IFN-γ or IL-4 were increased in the PLN cells after the treatment with these compounds. In addition, it was indicated that, in contrast to
BALB/c mice, athymic BALB/c-nu/nu mice failed to respond to the two allergenic
compounds. The results obtained in this study suggest that mouse PLN responses
to these allergenic compounds are induced by an immunological mechanism involving T cell-dependent B cell proliferation. As well, the results of PLN responses
to several chemicals including other allergic- or irritant-compounds will be presented in this study.
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REGULATORY EXPERIENCE WTH THE LOCAL LYMPH
NODE ASSAY (LLNA) IN THE UNITED KINGDOM
A. Cockshott1, P. Evans1, C. A. Ryan2, F. Gerberick2, C. J. Betts3, R. J.
Dearman3, I. Kimber3 and D. A. Basketter4. 1HSE, Bootle, United Kingdom,
2
Procter & Gamble, Cincinnati, OH, 3Syngenta CTL, Macclesfield, CHESHIRE,
United Kingdom and 4Unilever SEAC, Bedford, United Kingdom.
The murine LLNA is a recently accepted stand alone method for the prospective
identification of skin sensitizing hazard. Contact sensitizing potential is measured
as a function of lymphocyte proliferation induced in lymph nodes draining the site
of topical exposure. Since the formal acceptance of the LLNA as an Organization
for Economic Cooperation and Development guideline method in April 2002, this
assay was adopted by the UK Health & Safety Executive (HSE) as the test of choice
for assessment of skin sensitization potential under the European Union notification scheme for new industrial chemicals. In the two-year period immediately following that, 48 LLNA study reports have been submitted to the HSE for notification purposes. Generally, notifying laboratories followed the OECD guideline
successfully, with regard to the sex/strain/numbers of mice used, the precise process
used for measurement of cell proliferation, and the use of recommended vehicles
and positive controls. Initially use of the individual animal approach (in which cell
proliferation is measured on an individual animal basis rather than in lymph nodes
pooled for each treatment group) highlighted problems caused by technical inexpe-

rience, but these were generally overcome by practice. Toxicity or irritation were
found to be minor factors in dose selection; more important was the choice of vehicle to maximize adequately the test substance concentration while maintaining suitable application properties. Contrary to concerns that the LLNA would prove to be
less sensitive or more sensitive than the traditionally used Guinea Pig Maximization
Test, the proportion of new substances classified as skin sensitizers was comparable
with that seen in previous years when data were derived from guinea pig assays only.
Although the sample size is relatively small, the experience of HSE to date indicates
that the LLNA is satisfactory for routine regulatory use.
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FINAL VALIDATION OF A FLOW CYTOMETRY-BASED
LOCAL LYMPH NODE ASSAY WITH ENHANCED
IMMUNOPHENOTYPIC ENDPOINTS
M. K. Reeder, D. R. Cerven, A. C. Gilotti and G. L. DeGeorge. MB Research
Laboratories, Spinnerstown, PA.
The Local Lymph Node Assay (LLNA) is an alternative to the guinea pig sensitization test used to identify and characterize dermal sensitizers. We have optimized
procedures and applied flow cytometric techniques to the EPA and OECD LLNA
protocol in order to enhance the basic LLNA and to increase sensitivity/specificity.
Currently, special licensing is needed to perform the LLNA, due to the need for radioactive nucleotides to measure Lymph Node Cell (LNC) proliferation. In comparison the Flow Cytometry-based LLNA utilizes BrdU incorporation into the
DNA of proliferating LNCs, which is safer and drastically reduces the overall study
costs. In addition, accuracy is enhanced by the ability to perform immunophenotypic and surface marker (activation) analysis on the isolated lymph node cells.
Four commercial versions of the FC-LLNA have been developed and is now offered
as a GLP-compliant alternative assay to the consumer products, chemical and pharmaceutical industries.
In summary, we have developed an enhanced flow cytometry-based LLNA which
1) can sensitively and specifically identify and characterize dermal contact sensitizers; 2) does not require radioactivity; 3) allows better discrimination of false-positive irritants from true sensitizers when compared to the basic radiometric LLNA,
and 4) can be a more accurate and quantitative tool for assessment of potential dangerous substances to public.
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DERMAL SENSITIZATION QUANTITATIVE RISK
ASSESSMENT (QRA) FOR FRAGRANCE INGREDIENTS
A. Api1, D. A. Basketter2, P. A. Cadby3, M. Cano4, G. Ellis5, G. Gerberick6, P.
Griem7, P. M. McNamee8, C. A. Ryan6 and R. J. Safford2. 1Research Institute for
Fragrance Materials, Inc., Woodcliff Lake, NJ, 2Safety and Environmental Assurance
Center, Unilever, Sharnbrook, United Kingdom, 3Firmenich, Inc., Geneva,
Switzerland, 4LVMH, Orleans, France, 5Givaudan France Fragrances, Argenteuil,
France, 6Procter & Gamble Company, Cincinnati, OH, 7Clariant, Sulzbach,
Germany and 8Procter & Gamble Company, Egham, United Kingdom.
Some of the chemicals in common use today may have the potential to cause dermal sensitization. However, the fact that a chemical is a skin sensitizer does not
mean it cannot be formulated into consumer products at safe levels. This is also the
case for fragrance ingredients. Based on advances in our understanding of a range of
factors associated with the induction of dermal sensitization, it is possible to conduct an exposure-based quantitative risk assessment (QRA) for induction of dermal
sensitization to determine safe levels of fragrance ingredients in different consumer
product types. Key steps of the quantitative risk assessment process are determination of benchmarks (No Expected Sensitization Induction Level or NESIL); application of sensitization assessment factors (SAF) and calculation of consumer exposure (CE) through product use. Using these parameters, an acceptable exposure
level (AEL) can be calculated and compared with the consumer exposure level
(CEL). The ratio of the AEL to CEL must be favorable to support the safe use of
the skin sensitizer. This ratio must be calculated for the skin sensitizer in each product type. This poster provides an overview of the principles of exposure-based QRA
as applied to fragrance ingredients and provides a practical example using a fragrance ingredient in different product types.
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USE OF SAR TO PREDICT SENSITISING POTENTIAL
OF PHARMACEUTICAL PROCESS MATERIALS
C. W. Seaman1, M. J. Olson3 and F. J. Guerriero2. 1Occupational Toxicology,
GlaxoSmithKline, Ware, United Kingdom, 2GlaxoSmithKline, Research Triangle
Park, NC and 3GlaxoSmithKline, King of Prussia, PA.
Dermal sensitisation is an important occupational issue and companies are increasingly relying on QSAR/SAR programmes as part of their hazard assessment strategies. A follow up of a previous assessment (The Toxicologist, 60(1): 305, 2001) of
the performance of the DEREK qualitative SAR programme (Lhasa UK Ltd) in
prospectively identifying dermal sensitizers has now been completed with a much
expanded data set. Sensitisation data derived from traditional animal test methods
for 358 chemicals, comprising raw materials, pharmaceutical intermediates and
drugs were compared with the output from DEREK. Overall the predictions from
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DEREK were in agreement with 59% of the sensitisers and non-sensitisers when
compared to all animal studies (including the local lymph node assay (LLNA),
maximization and Buehler evaluations). Performance was significantly better when
DEREK results were compared just with outcomes in the LLNA (73%) and excluded guinea pig assays. The SAR programme was also better at identifying nonsensitisers than sensitisers. Assessment of physico-chemical properties (esp. ClogP
and MW) as an indication of skin penetration potential proved useful in improving
the accuracy of predictions from DEREK. A consideration of the context in which
the alerting structure was present within a molecule, such as whether the chemical
moiety was accessible for biological interaction, also assisted in refining the predictions. Confirmation of biological reactivity, such as incorporating positive bacterial
mutation results into the assessment, can also aid in improving predictivity as part
of a rounded evaluation of all available data. In addition, future developments
should concentrate on refining DEREK alerts for haloalkanes, amines, and phenols
and precursors as these structural alerts were the most frequently represented in the
expanded set but also tended to over-predict sensitisation outcomes when compared to biological test results.
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EXTRAPOLATING LOCAL LYMPH NODE ASSAY EC3
VALUES TO ESTIMATE RELATIVE SENSITIZING
POTENCY
C. Ryan1, J. G. Chaney1, P. S. Kern2, R. J. Dearman3, I. Kimber3, D. A.
Basketter4 and F. Gerberick1. 1Procter & Gamble Company, Cincinnati, OH,
2
Procter & Gamble Eurocor, Brussels, Belgium, 3Syngenta Central Toxicology
Laboratory, Macclesfield, United Kingdom and 4Unilever SEAC, Bedford, United
Kingdom.
The Local Lymph Node Assay (LLNA) is now used to provide information on the
relative skin sensitizing potency of contact allergens. This is achieved by interpolation, from the dose response curve of the concentration of a chemical required to
elicit a 3-fold increase in stimulation index (SI) compared with concurrent controls
(the EC3 value). This method of calculating EC3 requires that the dose response
curve has at least one SI value above 3, and one below. However, there are some instances where all test concentrations result in SI values of greater than 3. For this
reason, a method was developed to estimate EC3 values by log-linear interpolation
using the two lowest test concentrations from the dose response curve. Log-transformation of the data prevents these extrapolated EC3 values from falling below
zero. Before applying this approach the quality of the data available must be assessed and confirmed. Thus, there must be clear evidence that the dose response includes concentrations of test material that are on the linear portion of the curve
and, ideally, that the SI induced by the lowest dose of chemical tested approaches
the value of 3. Judicious use of this method for extrapolating EC3 values can provide useful information on a likely potency classification and may avoid the need
for repeat animal testing.
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TEMPORAL STABILITY AND VEHICLE EFFECTS ON AHEXYLCINNAMALDEHYDE RESPONSES AS A
POSITIVE CONTROL IN A FLOW CYTOMETRY-BASED
LLNA
G. L. DeGeorge, M. K. Reeder, C. A. Kirk and D. R. Cerven. MB Research
Laboratories, Spinnerstown, PA.
The temporal variability and vehicle effects in the dermal sensitization response of
CBA/J mice to Hexycinnamaldehyde (HCA) administration in a Flow Cytometrybased LLNA were analyzed. The Stimulation Index (SI) measurements over a sixyear period (1999-2005) in a variety of vehicles, and the EC3 values (that concentration of HCA calculated to yield an SI=3) were also calculated. In AOO
(Acetone:Olive Oil, 4:1) vehicle, the mean SI value for 25% HCA was 9.5, and in
DMSO and DMF vehicles were 9.1 and 8.4, respectively. The EC3 value for HCA
was 10.9 (±4.7) for AOO vehicle, consistent with that observed in the ICCVAM
validation and the literature reports for the radioactive 3H-Thymidine-based
LLNA. We have also found DaAE 433 (Dimethylacetamide:Acetone:Ethanol,
4:3:3), Acetone, and Petrolatum to be useful vehicles, all producing a positive response to HCA and a range of sensitizers (SI for 25% HCA ranging from 9.1 to
18.4. The best vehicles in our lab are DMSO > DaAE > AOO = DMF =
Petrolatum.
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PREDICTING AND CLASSIFICATION OF ALLERGIC
POTENTIAL USING AN IN VITRO SKIN
SENSITIZATION TEST; HUMAN CELL LINE
ACTIVATION TEST (H-CLAT)
H. Sakaguchi1, T. Ashikaga2, N. Kosaka1, S. Sono2, H. Itagaki2 and H. Suzuki1.
1
Kao Corporation, Tochigi, Japan and 2Shiseido Co., LTD., Kanagawa, Japan.
Recently several in vitro skin sensitization methods using human cell lines have
been published to meet current animal welfare and regulatory opinion. We have reported that a 24hr allergen exposure to THP-1 cells (monocytic leukemia cell line)
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augmented CD86 and/or CD54 expression as measured with flow cytometry. We
optimized the h-CLAT using THP-1 cells and conducted an inter-laboratory study.
We found that the h-CLAT was useful for predicting skin sensitization in vitro.
Also we showed that about 70-90% cell viability was necessary for up-regulation of
CD86/CD54 expression and proposed appropriate dose setting conditions based
on CV75 (the estimated concentration with 75% cell viability) for better predictivity. The aim of the current study was to confirm, by employing a larger number of
chemicals, the predictive and ranking capability of the h-CLAT for allergy. In this
study, about fifty chemicals were evaluated. We selected the chemicals according to
the results of LLNA in the following categories: Extreme, Strong, Moderate, Weak
and non-sensitizer (e.g., Oxazolone, Maleic anhydride, 3,4-Dihydrocoumarin,
Cinnamic alcohol and Isopropanol, respectively). The h-CLAT could predict not
only Extreme and Strong sensitizers, but also Moderate and Weak sensitizers as positive. For non-sensitizers, some chemicals (e.g., Acetanisole and Resorcinol) were
false positive but most were negative. The accuracy was about 90%. And our new
dose setting conditions were useful for correctly predicting the outcome. Moreover
we calculated the estimated concentration to induce marker expression with an
RFI>150 for CD86 (EC150) or 200 for CD54 (EC200) in the h-CLAT and compared these values with the EC3 values of LLNA. Both values had a good correlation with EC3 value. These data suggested that the h-CLAT is a powerful cell based
in vitro skin sensitization method for predicting sensitizers while EC150 (CD86)
or EC200 (CD54) may be useful for estimating allergic potency.
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RESULTS OF A JAPANESE RING STUDY OF A HUMAN
CELL LINE ACTIVATION TEST (H-CLAT) FOR
PREDICTING SKIN SENSITIZATION POTENTIAL

T. Ashikaga1, H. Sakaguchi2, K. Okamoto3, M. Mizuno4, J. Sato5, T. Yamada6,
M. Yoshida7 and Y. Ohno8. 1Shiseido Co., LTD., Yokohama, Japan, 2Kao
Corporation, Tochigi, Japan, 3Kanebo Cosmetic Inc., Odawara, Japan, 4KOSE
Corporation, Tokyo, Japan, 5LION CORPORATION, Odawara, Japan, 6Nippon
Menard Cosmetic Co., LTD., Nagoya, Japan, 7POLA CHEMICAL
INDUSTORIES, Inc., Yokohama, Japan and 8National Institute of Health Science,
Tokyo, Japan. Sponsor: H. Itagaki.
It has been reported that the human monocytic leukemia cell line, THP-1, which
shows enhanced CD86 and/or CD54 expression when treated with allergens, can
be used as an in vitro skin sensitization test. The human Cell Line Activation Test
(h-CLAT) is an in vitro method based on the changes in THP-1. The aim of this
study is to confirm the transferability and reproducibility of the h-CLAT protocol.
As a first trial, two well-known allergens (dinitrochlorobenzene (DNCB) and
nickel sulfate (Ni)) and one non-allergen (sodium lauryl sulfate (SLS)) were evaluated. Eight doses of each chemical were set with serial 1.2-fold dilutions, based on
the CV75, which is the concentration giving 75% cell viability. DNCB and Ni augmented expression of both CD86 and CD54 at four or more concentrations in all
laboratories. On the other hand, SLS did not enhance either CD86 or CD54 expression at any concentration in any laboratory. However, some differences in doseresponse relationship were observed between some laboratories. These differences
were observed when there were differences in cell viability at the same concentrations between experiments, and may have been due to a lack of adequate control of
culture conditions. Therefore, tight control of cell culture was thought to be important for improvement of reproducibility. To check the conditions, one dose of
DNCB (5 µg/mL) was set as a positive control in the following experiments.
Though there were some differences, all laboratories correctly identified the two allergens as positive chemicals and the non-allergen as a negative one. In conclusion,
the protocol of the h-CLAT is easy to transfer and inter-laboratory reproducibility
is basically good. This study was supported by the Grant-in-aid of MHLW.
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ANALYSIS OF ANTIGEN-CAPTURE PROCESS: THE
BINDING OF CONTACT ALLERGEN TO CELLULAR
AND EXTRACELLULAR PROTEINS IN THE
ACTIVATION ON THP-1 CELLS

Y. Ito, M. Miyazawa, Y. Yoshida, N. Kosaka, H. Sakaguchi and H. Suzuki. Kao
Corporation, Tochigi, Japan. Sponsor: J. Avalos.
Contact allergens react with skin proteins to form complete antigens and as such
are then recognized by Langerhans cells (LCs). However the specifics of the antigen-capture process remain unknown. In our previous study, we found contact allergens to augment CD86/CD54 expression on THP-1 cells, human monocytic
leukemia cell line; a response similar in LCs. The aim of the current study was to
address the binding of contact allergens to cellular and extracellular proteins in the
activation of THP-1 cells. THP-1 cells were treated with dinitrochlorobenzene
(DNCB; 12.3 and 24.6 µmol/L) in a RPMI medium with 10% Fetal bovine serum
(FBS). After a 24 hours exposure, the cell lysate and the culture supernatant were
subjected to Western blot analysis. Both dinitrophenyl (DNP)-labeled cellular and
extracellular proteins were detected. DNP-labeled cellular proteins were of various

molecular weights, while almost all DNP-labeled extracellular proteins were about
66K Da, believed to be Bovine serum albumin (BSA). Next we examined CD86
and CD54 expression on THP-1 cells treated with DNCB (12.3 and 24.6 µmol/L)
or DNP (12.3 and 24.6 µmol/L)+BSA for 24 hours without FBS. In another experiment, cells were treated for one-hour without FBS and then for 23 hours postculture with FBS. Interestingly, the expression of CD86 and CD54 was enhanced
by DNCB and not by DNP+BSA in both experiments. In addition DNP-labeled
cellular proteins were detected from THP-1 cells treated for one hour with DNCB
without FBS. The use of serum free medium highlighted the role of cellular proteins in the antigen recognition process. These data suggest that cellular proteins are
more critical in the antigen-capture process than extracellular proteins in THP-1.
Data also showed that a 1hr exposure is sufficient for recognition of allergen to augment CD86/CD54 expression. These results revealed that THP-1 cellular proteins
are important in the binding of allergen to proteins during the antigen-capture
process. It has been suggested that a similar mechanism might exist on LCs.
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TNF-ALPHA ACTS ON THP-1 CELL MATURATION BY
AN AUTOCRINE MECHANISM FOLLOWING
ALLERGEN EXPOSURE

M. Miyazawa, Y. Ito, N. Kosaka, H. Sakaguchi and H. Suzuki. Kao Corporation,
Haga-Gun, Japan. Sponsor: J. Avalos.
We have developed an in vitro predictive method for assessing skin sensitization potential using THP-1 cells, human acute monocytic leukemia cell line. In our previous study, exposure to a number of allergens has been shown to induce THP-1 cell
activation, such as up-regulation of TNF-α/IL-8 secretion and cell surface expression of CD86/CD54/CD40/CD83. On the contrary, non-allergens did not induce
any changes in analyzed markers. Although TNF-α, a migration and maturation
mediator, can be released not only from keratinocytes but also Langerhans cells
(LCs), the role of TNF-α on cell surface marker expression on LCs remains unclear.
Therefore, utilizing THP-1 cells as surrogate LCs, we investigated the effect of
TNF-α upon allergen-induced THP-1 cell activation.
Cell surface marker expression on THP-1 cells was measured using flow cytometry
following a 24h exposure to 2,4-dinitrochlorobenzene (DNCB) and nickel sulfate
(Ni), two known allergens. Also, ELISA was used to measure levels of TNF-α/IL-8
in the supernatant. Treatment with DNCB and Ni resulted in significant increases
of CD86/CD54/CD40/CD83 expression and TNF-α/IL-8 secretion. Kinetic
studies revealed that TNF-α release occurred 3h after DNCB and Ni stimulation.
While recombinant human TNF-α (rhTNF-α) augmented CD54/CD40/CD83
expression and IL-8 release in a dose-dependent manner, rhTNF-α did not
markedly increase CD86 expression, which is consistent with previous reports
using purified LCs. Furthermore, following pre-incubation with an anti-TNF-α,
neutralization of TNF-α activity strongly inhibited CD54/CD40/CD83 expression and IL-8 production induced by DNCB and Ni.
These data demonstrated that the autocrine effect of TNF-α, induced after a short
allergen stimulation period plays an essential role on the upregulation of cell surface
marker expression and IL-8 production in THP-1 cells, which might reflect the
mechanism by which LCs respond to allergens.
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EVALUATION OF CHANGES OF CELL SURFACE
THIOLS AS A NEW BIOMARKER FOR IN VITRO
SENSITIZATION

M. Suzuki1, M. Hirota1, S. Hagino1, S. Aiba2 and H. Itagaki1. 1Safety &
Analytical Reseach Center, shiseido co., LTD., Yokohama, Japan and 2Dermatology,
Tohoku University Graduate School of Medicine, Sendai, Japan.
Evaluation of the skin sensitization potential of ingredients is an important part of
the development of cosmetics, but it is difficult to develop in vitro skin sensitization
assays. It is known that in the induction phase of skin sensitization, antigen-presenting cells (APC), including dendric cells (DC), migrate into lymph nodes and
present antigens to T cells after having been activated by haptens. Furthermore, the
activation is accompanied by the augmentation of CD86 expression, following intracellular redox imbalance and phosphorylation of p38 as upstream signals. We hypothesized that a change of cell-surface thiols might be one of the triggers of intracellular signal transduction pathways, such as p38 MAPK signaling, and therefore,
we evaluated the change of cell-surface thiols as a candidate biomarker for an in
vitro sensitization test. THP-1 cells (monocytic leukemia) were treated with chemicals for 2 hr, then incubated with a nonpermeable thiol-reactive compound, Alexa
fluor C5 maleimide, or anti-Phospho-p38 MAPK after fixation and permeabilization. The cells were then washed and analyzed by flow cytometry. Dose setting of
chemicals were determined based on the 50%-inhibitory concentration (IC50) values obtained by MTT assay. In this study, we evaluated 28 samples, including allergens (e.g., DNCB, propyl gallate) and non-allergens (e.g., SDS, methyl salicylate).
Most allergens tested in this study caused a decrease of cell-surface thiols at concentrations in the 50% - 100% cell viability range, while most non-sensitizers did not.

DNCB, but not SDS, induced phosphorylation of p38 MAPK. When tentative criteria for the change of surface thiols of less than 85% was applied, the accuracy of
in vitro assay vs. in vivo assay was 82.1%. Most allergens we tested could be judged
as positive. These results suggest that the change of cell-surface thiols may be useful
as a biomarker for an in vitro sensitization assay with low false-positives.
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PRELIMINARY CUMULATIVE RISK ASSESSMENT OF
THE N-METHYL CARBAMATE PESTICIDES
A. Lowit1, D. Miller1, R. W. Setzer2, E. Reaves1, S. Padilla2, V. Moser2 and D.
Hunter2. 1Office of Pesticide Programs, US Environmental Protection Agency,
Washington, DC and 2Office of Research and Development, US Environmental
Protection Agency, Research Triangle Park, NC.
The Food Quality Protection Act (1996) requires the US EPA to evaluate cumulative (multichemical, multipathway) risk to pesticides that share a common mechanism of toxic action. EPA established the N-methyl carbamate pesticides (NMCs)
as a common mechanism group based on their shared ability to inhibit acetylcholinesterase through reversible carbamylation of the active site. The Preliminary
Cumulative Risk Assessment (CRA) was released to the public in August, 2005.
The NMCs (aldicarb, carbaryl, carbofuran, formetanate, methomyl, methiocarb,
propoxur, pirimicarb, oxamyl, thiodicarb) were identified based on their agricultural and residential exposure patterns in the US. EPA used a relative potency factor method for estimating cumulative risk. Oxamyl was selected as the index chemical based on the availability of high quality acetylcholinesterase data in oral,
dermal, and inhalation studies. Blood and brain acetylcholinesterase inhibition data
were extracted from a variety of sources, including data submitted to EPA for pesticide registration and data collected by EPA. These studies include data from radiometric and spectrophotometric methods. Although measuring acetylcholinesterase
with radiometric methods is preferred for these pesticides, spectrophotometric
methods can provide reliable results when parameters such as dilution, temperature, and assay time are controlled appropriately. Information has been collected
from standard operating procedures used by different laboratories. Comparison of
the experimental conditions suggests that in most cases small dilutions and low
temperatures were used in the studies. It has been concluded that the available
acetylcholinesterase data are reliable for estimating relative potency.

2285

DOSE-RESPONSE MODELING FOR THE ASSESSMENT
OF CUMULATIVE RISK DUE TO EXPOSURE TO NMETHYL CARBAMATE PESTICIDES
R. W. Setzer1, A. B. Lowit2, M. Reaves2, S. Padilla3 and V. Moser3. 1NCCT,
USEPA, Research Triangle Park, NC, 2OPPTS, USEPA, Washington, DC and
3
NHEERL, USEPA, Research Triangle Park, NC.
The US EPA’s N-Methyl Carbamate Cumulative Risk Assessment (NMCRA) assesses the effect on acetylcholine esterase (AChE) activity of exposure to 10 Nmethyl carbamate (NMC) pesticides through dietary, drinking water, and residential exposures. Similarly to the Agency’s organophosphate cumulative risk
assessment, the NMCRA is based on the relative potency factor (RPF) approach.
However, unlike organophosphate-induced AChE inhibition, NMC inhibition is
short-lived, with half-lives in animals on the order of hours. Thus, the risk assessment for NMC pesticides needs to take account not only of peak inhibition but the
recovery of inhibition after exposure. This information was estimated from animal
studies using dose-time-response modeling of gavage studies. As there were multiple data sets for each chemical, statistical methodology was used that allowed all the
data to contribute to the overall dose-response estimate. Relative potencies were calculated as the ratios of benchmark doses for 10% AChE inhibition. The half-life for
recovery of AChE activity was estimated simultaneously with BMDs. Dose-response shapes for the NMCs were not all perfectly consistent with the RPF approach. Comparison of dose-responses for mixtures of NMC based on expectations
under the RPF approach with those based on a more general approach to dose-additivity indicate that the RPF-based dose-response estimates are reasonable approximations to those for the more general formulation. Although this work was reviewed
by EPA and approved for publication, it may not necessarily reflect official Agency policy.

2286

A BENCHMARK DOSE ANALYSIS FOR 1080
DICHOTOMOUS DATA
N. M. Foronda1, J. Fowles2, M. Dourson3, N. Smith4, M. Taylor1 and W.
Temple5. 1Public Health Directorate, Ministry of Health, Wellington, New Zealand,
2
Institute of Environmental Science and Research LTD., Porirua, New Zealand,
3
Toxicology Excellence of Risk Assessment, Cincinnati, OH, 4Griffith University,
Queensland, QLD, Australia, 5Ministry of Health, Wellington, New Zealand and
6
National Poisons Center, Dunedin, New Zealand.
The use of a benchmark dose (BMD) as an alternative to a no-observed-adverse-effect-level (NOAEL) approach was investigated as a means to improve current risk
assessment values of sodium monofluroacetate (1080). The feasibility of implementing the two approaches was investigated for the critical toxicological end
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points, namely cardiomyopathy, testicular toxicity and teratogenic effects identified
from the few available critical studies. The BMD provides better representation of
the dose-response relationship, offering an advantage over the current NOAEL approach. The calculated BMDs and lower-bound confidence limits (BMDLs) for the
three end points were estimated using the Weibull, probit and linear models for
each end point. All models passed the x2 test statistics (p  0.1) for all the toxicity
endpoints tested. The Weibull and probit models generally provided the best fit to
the data. A benchmark response (BMR) of 10% (extra risk) was chosen and the
Akaike’s information criterion (AIC) was used in selecting the appropriate model.
The BMDL estimates derived were found to be generally slightly higher but comparable to the no-observed-effect-level (NOEL) for those same endpoints. The
BMD and BMDL for cardiomyopathy, the most critical effect associated with 1080
exposure, were 0.21 mg/kg/bw and 0.10 mg/kg/bw, respectively. These values will
be used in the eventual determination of Tolerable Daily Intake (TDI) for 1080.
This study has provided evidence that the BMD approach is a useful tool in reducing uncertainty in determination of an experimental threshold for adverse effects
and improving the health risk assessment for 1080.

2287

CALCULATION OF A CHEMICAL SPECIFIC
ADJUSTMENT FACTOR FOR LINDANE

M. T. Goldberg1 and J. H. Ross2. 1GlobalTox, Guelph, ON, Canada and
2
infoscientific.com, Carmichael, CA.
Risk assessors typically use a default uncertainty factor (UF) of 10 when extrapolating from a test species to human (interspecies UF) and an additional uncertainty
factor of 10 to account for the range of sensitivities within humans (intraspecies
UF). The World Health Organization’s (WHO) International Program on
Chemical Safety (IPCS) has developed a method for calculating a chemical specific
adjustment factor (CSAF) which further breaks down each of these uncertainty factors into their toxicokinetic and toxicodynamic components. WHO IPCS recommends partitioning the interspecies UF of 10 into a value of 4 for the toxicokinetics portion and a value of 2.5 for the toxicodynamics portion. Similary, IPCS
recommends partitioning the intraspecies UF of 10 into 3.2 each for both the toxicokinetic and toxicodynamic components. Where sufficient data are available, this
permits the calculation of a more accurate Chemical Specific Adjustment Factor.
We have used peer-reviewed published literature from the vast toxicology database
on lindane to calculate a CSAF for lindane in the context of an occupational risk assessment. The toxicodynamic portions of the 2 UFs were left at their default values.
Even though there are data on human toxicodynamics, it is limited in scope.
However, it was possible to more accurately calculate toxicokinetic portions of both
the inter- and intraspecies components which were lower than the default values
based on multiple toxicokinetic studies in both rats and humans. The resulting
CSAF for lindane was significantly less than 100.

2288

CLINICAL AND RADIOLOGICAL APPRAISAL OF
THIRAM INDUCED OSTEOCHONDROSIS IN BROILER
CHICKEN

V. Vijay1, A. Sachan2, S. K. Hore2 and A. K. Das2. 1Pharmacology and Toxicology,
GB Pant University. of Agriculture and Technology, Pantnagar, UA, India and
2
Surgery and Radiology, GB Pant University. of Agriculture and Technology,
Pantnagar, UA, India. Sponsor: A. KANTHASAMY.
Thiram is widely used in agricultural practices especially as a fungicide. Owing to
its varied usage it has the potential of being consumed easily by livestock through
contaminated feed and fodder. The preliminary study was conducted to evaluate
the effects of dietary exposure of this fungicide.Sixty, one-day-old commercial
broilers (Hubbard Classic strain) were randomly divided into three groups (Group
I, II and III) of twenty birds each and maintained under standard managemental
conditions. Out of three groups, Group I served as control. Birds under Group II
and Group III received feed uniformly mixed with Thiram [Dithiocarbamates
DTC: C6H12N2S4; Commercial grade of Thiram with 96% purity (Devithiram®
75% WP) by Devidayal (Sales) Limited, Reay Road, Mumbai, INDIA] at the concentration of 15 ppm and 30 ppm, respectively, from day one onwards. The birds
were observed for 6 weeks for clinical signs of toxicity, growth rate, feed conversion
efficiency and mortality. After six weeks, radiographs of normal as well as affected
birds were taken in dorso-ventral and lateral position. The birds of Group I were
found to be clinically normal. Some of the birds of Group II showed signs of mild
leg deformities, however, Group III showed severe clinical lesions of lameness,
weakness, ataxia, muscular dystrophy with bowing of the proximal metatarsus with
enlarged hocks or backward bending of the proximal tibiotarsus and crooked and
curled toes. Main radiological features discernible in all affected birds were degeneration of coxo-femoral joint, swelling of tibio-femoral and tibio-tarso-metatarsal
joint, bowing of femur and tibia, tibial dyschondroplasia, fractures at growth plates
in some cases, thickening of the growth plate cartilage and osteochondrosis with
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subchondral bone cyst and also hypertrophic cartilage of the tibiotarsal bone with
soft tissue swelling of hock. It was demonstrated that Thiram a dithiocarbamate
compound can cause bone deformities in broiler chicken.

2289

BIS(2-CHLOROETHOXY)METHANE: DATA
EVALUATION FOR HUMAN HEALTH RISK
ASSESSMENT

J. C. Lipscomb and H. Choudhury. National Center for Environmental Assessment,
USEPA, Office of Research and Development, Cincinnati, OH.
Bis(2-chloroethoxy)methane (BCM) is a high production volume chemical used as
a solvent and in making resins for use in food packaging. Toxicity data for non-cancer health risk assessment are limited to oral and dermal subchronic exposures of
rats and mice. Results demonstrate a greater sensitivity in rats than mice and a
slightly different spectrum of critical effects, both of which may be related to toxicokinetic (TK) differences. No-effect levels in 90-day dermal and oral studies are
difficult to compare, given the differential availability of TK information. Oral gavage (0, 10, 20, 40, 80, 120 mg/kg-d) results in rats demonstrated a NOAEL of 10
mg/kg-d; findings included minimal to slight centrilobular hypertrophy and reductions in absolute and relative adrenal weight in male, but not female rats.
Myocardial degeneration was apparent in both sexes at 80 and 120 mg/kg-day. Rats
and mice exposed dermally to BCM (90days; 5d/w) demonstrated cardiomyopathy
with a duration adjusted NOAEL of 71 mg/kg-d. Ex vivo studies indicate that approximately 15% of a dermally applied dose may be absorbed. BCM and three
other cardiac myotoxicants share thiodiglycolic acid (TGA) as a metabolite; cardiac
histopathologies are markedly similar among these chemicals and doxorubicin, a
known mitochondrial toxicant. Acute data describing the tissue distribution, exhaled breath, urinary and fecal elimination profiles for total radiolabel from 14CBCM are available from the oral and iv routes. Within species, combined 24 hr urinary and fecal elimination of 14C via both routes appear similar; accounting for
approximately 90% and 50-70% of the administered dose in rats and mice, respectively. Approximately 80% of urinary radiolabel represented TGA. TK data from
the dermal route are absent, complicating route extrapolation of the apparently useful subchronic dermal data. This presentation discusses route extrapolation issues
for risk assessment, and recommends additional studies for BCM.

2290

CHOLINESTERASE DATA IN RISK ASSESSMENT: I.
DEFINING TOXICOLOGICAL SIGNIFICANCE

C. M. Lewis, T. P. Kellner, A. L. Rubin, T. B. Moore and K. F. Pfeifer.
Department of Pesticide Regulation, Cal/EPA, Sacramento, CA.
Cholinesterase (ChE) inhibition data have been utilized by regulatory agencies in
risk assessments for several decades. ChE activities are most frequently measured in
3 compartments: plasma, red blood cells (RBCs) and brain. Two approaches for
defining the toxicological significance of ChE inhibition, and consequently the
level considered an adverse effect, have been used: (1) a threshold level of inhibition
(usually 20%) and (2) statistical significance. One concern with using statistical significance is that treatment-related effects may be masked by large variations in the
control population that are related to poorly designed or conducted studies. One
tool for selecting a threshold for toxicological significance is the variation in a “normal” population. To determine the normal variation in laboratory animals, the
ChE activity in control animals from studies submitted to the Department of
Pesticide Regulation (DPR) for pesticide registration were evaluated for 4 types of
studies: acute and subchronic neurotoxicity studies in rats, chronic toxicity studies
in rats and dogs. Coefficients of variation (CVs) were calculated for each gender
and time point and then averaged for each study. The CVs were then averaged for
each gender to calculate a grand mean for each study type. The grand means ranged
from 15-27%, 11-20% and 5-10% for plasma, RBC and whole brain ChE activity,
respectively. It is apparent from this analysis that it is not appropriate to set a single
threshold to cover ChE inhibition data from all 3 compartments. These CV ranges
may be useful in defining different thresholds for the toxicological significance of
plasma, RBC and brain ChE inhibition by organophosphates.
This abstract does not necessarily reflect DPR policy.

2291

CHOLINESTERASE DATA IN RISK ASSESSMENT: II.
CHOLINESTERASE INHIBITION VERSUS OTHER
SENSITIVE ENDPOINTS

N. R. Reed and C. Lewis. Department of Pesticide Regulation, Cal/EPA,
Sacramento, CA.
The measurement of cholinesterase (ChE) is often assumed to be the most sensitive
risk assessment endpoint for organophosphate (OP) pesticides, such that no overt
toxicity is expected at a dose level without significant ChE inhibition (ChEI). To

examine this assumption, a systematic comparison of ChEI and other sensitive endpoints is needed, with respect to the acute and subchronic neurotoxicity, reproductive and developmental toxicity, and the age-specific sensitivity. Endpoints at the
Lowest-Observed-Effect Level (LOEL) and the dose at the No-Observed-Effect
Level (NOEL) were compiled from toxicity studies submitted to the Department
of Pesticide Regulation (DPR). In most acute and all subchronic neurotoxicity
studies, the NOELs for ChEI are lower than or equal to the NOELs for neurobehavioral and ocular effects; however, cases exist in which acute neurobehavioral effects and subtle ocular changes can be more sensitive than ChEI. Although subchronic and chronic studies may miss subtle effects due to tolerance or level of
details in observations, the potential for identifying other sensitive endpoints (e.g.,
histopathological changes) supports the need for long-term studies. Developmental
effects can occur in the absence of maternal overt toxicity or significant maternal,
fetal, or neonatal ChEI. Data from direct dosing studies show that neonatal ChEI
can be more sensitive than the adults. Thus, a thorough evaluation of toxicity endpoints, not just ChEI in adults, is needed for the risk assessment of ChE inhibiting
chemicals. This abstract does not necessarily reflect DPR policy.

2292

CHOLINESTERASE DATA IN RISK ASSESSMENT: III.
INTRASPECIES AND INTERSPECIES UNCERTAINTY
FACTORS

L. Lim and N. Reed. Pesticide Regulation, Cal/EPA, Sacramento, CA.
Determination of uncertainty factors (UFs) to address variation in response to
cholinesterase inhibitors between species (UFanimal) and within the human population (UFhuman) is an important issue in the risk assessment of organophosphate pesticides. The UFanimal defines the extent of variation in sensitivity between the most
sensitive animal species/strain tested and the average human. The chronic toxicity
study data submitted to the Department of Pesticide Regulation (DPR) were analyzed to compare the cholinesterase inhibition (ChEI) Effective Dose10(ED10) of
several OPs between three test species. For plasma, red blood cell, and brain ChEI,
the average ED10 ratios (mouse/dog, rat/dog, or mouse/rat) ranged between 6.8 and
11.8. After applying an interspecies dose equivalence adjustment based on the body
weight to the 3⁄ 4 power, the average residual interspecies differences ranged between
2.4 and 4.1, with its respective 90th and 95th percentile ranging from 4.0 to 14.0
and 6.0 to 17.1. The UFhuman defines the variation of sensitivity between the average human to the most sensitive individual. Published literature indicates that the
range of inter-individual variation could exceed the current 10-fold default factor.
The mean aggregates of the pharmacokinetic (PK) and pharmacodynamic (PD)
factors ranged from 30- to 60-fold for systemic toxicity. The 3.2-fold default range
to address PK differences appears insufficient to account for age, ethnicity, and genetic variations. Human controlled studies generally do not address the potential
sensitivity differences arising from pre- and post-natal exposures. Thus, these analyses demonstrate that the current default factor of 10-fold each for these UFs may
not be sufficient in some cases. For health protection, the magnitude of UFs should
encompass the sensitivities of the entire population. This abstract does not necessarily reflect DPR policy.
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RISK ASSESSMENT OF TEN PESTICIDES IN CYPRUS

Y. M. Ioannou1, N. Ioannou1, C. Pitta1, N. Seraphides1, V. Vassiliou1, A. K.
Kouppari2, S. C. Michaelidou3, P. Ziegler3 and N. Papasavva2. 1Agricultural
Research Institute, Ministry of Agriculture, Natural Resources and Environment,
Nicosia, Cyprus, 2Department of Agriculture, Ministry of Agriculture, Natural
Resources and Environment, Nicosia, Cyprus and 3State General Laboratory, Ministry
of Health, Nicosia, Cyprus.
Pesticides are used extensively in Cyprus for crop protection. A pilot program,
funded by the Government of the Republic of Cyprus, has been initiated in Cyprus
with the main objective of establishing the basis for performing risk assessments on
pesticides used in Cyprus. In performing risk assessments for this program, for the
hazard assessments, data from risk assessments published by the United States
Environmental Protection Agency or the European Union for each pesticide are
utilized. For the Dietary exposure portion of the assessment, the consumption of
fruits and vegetables by the residents of Cyprus was determined by conducting two
types of surveys, while the pesticide residues on each crop were determined by the
governmental Pesticide Residues laboratories. For the determination of the
Occupational and Residential exposures, inner dosimeters were utilized. The preliminary results (studies are still in progress) indicate that the consumption of fresh
fruits and vegetables poses some risks to the consumers. From the ten pesticides assessed, residues on several crops were reported for chlorpyrifos, endosulfan,
dimethoate, dichlorvos, mancozeb (maneb group), captan and chlorothalonil.
When Dietary risk assessments were performed, only chlorpyrifos was found to
pose moderate risk to the general population with the chronic consumption of fresh
tomatoes and high risk to kids and females of child bearing age with the consumption of grapes, apples and tomatoes under acute and chronic exposures. Preliminary

results from the limited Occupational and Residential risk assessments performed
so far with chlorpyrifos indicate that the risk to the mixer, loader, applicator, wearing personal protective equipment, is minimal under the short term exposure scenario while there is moderate risk under the intermediate term exposure scenario.

2294

EVALUATING DATA FOR DETERMINING AN ORAL
REFERENCE DOSE (RFD) AND REFERENCE
CONCENTRATION (RFC) FOR BROMOBENZENE
C. Smallwood1 and D. Wohlers2. 1USEPA, ORD, NCEA, Cincinnati, OH and
2
Syracuse Research Corporation, Syracuse, NY. Sponsor: H. Choudhury.
Bromobenzene appears on the U. S. EPA’s Office of Water’s Contaminant
Candidate List (CCL) but is absent from the Integrated Risk Information System
(IRIS). EPA is in the process of developing a Toxicological Review for bromobenzene that will include the justification for hazard identification and dose response
assessment. This Toxicological Review will incorporate the existing health effects
and risk information data for bromobenzene. No data were located regarding the
toxicity of bromobenzene in humans. Animal studies identify the liver as the most
sensitive target of oral and inhalation exposure to bromobenzene. Numerous mechanistic studies in animals demonstrate that hepatotoxicity is associated with the metabolism of the parent compound and cytotoxicity may result from modifications
of hepatocellular macromolecules by one or more reactive metabolites.
Nephrotoxicity has also been observed in animals following acute exposure at
higher doses than the lowest hepatotoxic dose. Using U. S. EPA Benchmark Dose
Software (version 1.3.2), data for several hepatic endpoints in mice and rats were
modeled. This poster will evaluate the data that are available in male and female
mice and rats following oral and inhalation exposure for a determination of an RfD
and RfC. This approach will provide a better understanding of the toxicity of bromobenzene and will aid in making informed risk-based decisions for protection of
human health. (This presentation does not necessarily reflect the views and policies
of the U.S. EPA)

2295

DEVELOPMENT OF A STRUCTURE-SEARCHABLE
DATABASE FOR PESTICIDE METABOLITES AND
ENVIRONMENTAL DEGRADATES
A. Protzel1, G. Dannan1, R. Kolanczyk3, Mekenyan4, S. Abel1, P. Schmieder3
and J. Jones2. 1USEPA/OPP, Washington DC, DC, 2USEPA/ORD/NERL, Athens,
GA, 3USEPA/ORD/NHEERL, Duluth, MN and 4Bourgas University, Bourgas,
Bulgaria.
USEPA is modifying and enhancing existing software for the depiction of metabolic maps to provide access via structures to metabolism information and associated data in EPA’s Office of Pesticide Programs (OPP). The database includes information submitted to EPA in support of pesticide registration such as pesticide
metabolism in laboratory animals, plants, livestock, in addition to environmental
degradates. The database will be used by OPP risk assessors to increase efficiency of
data access and performance of risk assessments. The system includes the ability to:
depict hierarchical connection sequences of parent chemical and all listed metabolites; track radiolabel within a pathway and combine/separate maps from associated
radiolabel studies; identify all maps (and the parent chemical structure) that contain a specific metabolite of concern; search for specific sub-structures of toxicological concern and indicate its presence across chemicals; and, compare complete
maps across chemicals and species. Associated chemical identifiers and tracking information is included, as well as bioassay and analytical chemistry. In its simplest
mode the database will be able to furnish curated structures of pesticides and their
metabolites suitable for searches in other databases, provide metabolic maps plus
tabulations of amounts of metabolites and other parameters. In a more advanced
mode, the database will allow the risk assessor to perform substructure searches for
types of compounds and toxicophores, and to identify metabolism commonalities
and differences across pesticides and species. At present some of these questions are
answered manually and the results may vary among individual risk assessors. The
database is expected to make this process more efficient, to furnish more reliable results and to serve as a tool for hypothesis formulation by EPA researchers. This abstract does not necessarily reflect USEPA policy.

2296

EVALUATING THE HUMAN RELEVANCE OF
ALDRIN/DIELDRIN-INDUCED MOUSE LIVER
TUMORS: AN APPLICATION OF THE U.S. EPA’S
REVISED GUIDELINES FOR CARCINOGEN RISK
ASSESSMENT AND MODE OF ACTION FRAMEWORK
J. E. Kester1, R. Gentry2, A. M. Shipp2 and T. B. McDonald2. 1NewFields,
Wentzville, MO and 2ENVIRON, Ruston, LA.
The cyclodiene organochlorine pesticides aldrin and dieldrin are among a number
of non-genotoxic mouse liver carcinogens currently classified as B2 “probable
human carcinogens” based on the USEPA’s 1986 Guidelines for Carcinogen Risk
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Assessment. This document provided no specific guidance for consideration of
mechanistic information, but the final revised version of the Guidelines, issued in
March 2005, recognizes key advances in understanding of the molecular events underlying cancer induction processes, and their implications for evaluation and regulation of potential human health risk. Among the most significant changes is incorporation of a logical framework to determine the human relevance of animal
tumors as part of the hazard identification phase of the risk assessment process.
According to this framework, if the weight of evidence is sufficient to establish a
mode of action (MOA) in animals, and if the human relevance of the MOA can be
reasonably excluded on the basis of either qualitative differences in key events or
quantitative differences in kinetic or dynamic factors between experimental animals
and humans, then the MOA may be deemed not relevant to humans. The purpose
of the work reported here is to demonstrate application of the revised USEPA carcinogen risk assessment guidance and framework for analysis of the human relevance of animal tumors to aldrin and dieldrin. The weight of experimental evidence
indicates that these compounds act as non-genotoxic promoters or accelerators of
background liver carcinogenesis in mice through an epigenetic MOA similar to that
proposed for the extensively studied drug phenobarbital. The key events preceding
mouse liver carcinogenesis by this MOA do not occur, are attenuated, or have dissimilar consequences in other species, including humans. Therefore, under the revised USEPA guidance, the most appropriate cancer risk descriptor for aldrin and
dieldrin is “not likely to be carcinogenic to humans.”

2297

AN UPDATED REVIEW OF THE REFERENCE DOSE
(RFD) FOR CHLORPYRIFOS

Q. J. Zhao, B. Gadagbui and M. L. Dourson. Toxicology Excellence for Risk
Assessment (TERA), Cincinnati, OH.
Chlorpyrifos is an inhibitor of cholinesterase (ChE), and inhibition of ChE in animals and humans is believed to be the most relevant effect for risk management.
Recent epidemiology studies reporting associations between chlorpyrifos levels and
fetal birth weight decreases, suggest the need to reevaluate the basis of the Reference
Dose (RfD) for chlorpyrifos. We evaluated newly available publications regarding
chlorpyrifos toxicity, and the choice of critical effect - whether cholinesterase inhibition or developmental effect, the choice of appropriate species and study, the appropriate point of departure, and choice of uncertainty factors - including a discussion of the FQPA safety factor. We conclude that RBC cholinesterase inhibition is
the critical effect, that human studies form the best choice of species - supported by
a wealth of experimental animal data, that a NOAEL of 0.1 mg/kg-day is the most
appropriate point of departure, and that a 10-fold factor for within human variability is sufficient to characterize the overall uncertainty in this rather large database.
The resulting RfD is 0.01 mg/kg-day.

2298

ATSDR’S INTERMEDIATE MINIMAL RISK LEVEL FOR
HEPTACHLOR

L. Ingerman1, Z. Rosemond2, M. Williams2 and G. Todd2. 1Environmental
Science Center, Syracuse Research Corp, Syracuse, NY and 2Division of Toxicology and
Environmental Medicine, ATSDR, Atlanta, GA. Sponsor: M. Mumtaz.
Heptachlor is an organochlorine cyclodiene pesticide extensively used prior to 1970
to kill termites, ants, and soil insects. Currently, the only permitted use of heptachlor is for fire ant control in power transformers. The Agency for Toxic
Substances and Disease Registry has recently re-evaluated the toxicity of heptachlor
and its metabolite heptachlor epoxide. Historically, the liver and nervous system
were considered the primary targets of these chemicals. Recently, there has been a
growing concern that gestational exposure to heptachlor can also adversely affect
neurological, reproductive, and immune function. Lower neurobehavioral performance on tests of abstract concept formation, visual perception, and motor
planning were found in 18 year olds potentially exposed to heptachlor epoxide in
utero. In rats, perinatal and postnatal exposure adversely affected immunological
and neurological function but did not appear to alter the development of the reproductive system. The effects included suppression of the immune response to
sheep RBCs and slowed acquisition of a spatial task and impaired recall in a water
maze probe test. A LOAEL of 0.03 mg/kg/day was identified in the offsprings of
rats receiving gavage doses on gestational day 12 through postnatal day 7, the pups
were also administered heptachlor on postnatal day 7-42 (Smialowicz et al. 2001;
Moser et al. 2001); a NOAEL was not identified. These developmental effects were
selected as the basis of an intermediate-duration oral minimal risk level (MRL)
which is an estimate of daily exposure that is likely to be without an appreciable risk
of adverse effects over a period of 1 year or less. The effects were considered to be
minimally adverse and suggestive of immunotoxicity and neurotoxicity. The MRL
of 0.0001 mg/kg/day was calculated by dividing the LOAEL of 0.03 mg/kg/day by
an uncertainty factor of 300 (3 for use of a minimal LOAEL, 10 for extrapolation
from animals to humans, and 10 for human variability).
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MIXING RATIO INFLUENCES HALOACETIC ACID
(HAA) MIXTURE TOXICITY

J. Simmons1, E. D. Wagner2 and M. J. Plewa2. 1NHEERL/ORD, USEPA,
Research Triangle Park, NC and 2University. of Illinois, Urbana, IL.
Complex environmental mixtures, such as drinking water disinfection byproduct
mixtures, often contain chemicals of the same class but at varying concentrations.
The objective of the present study was to examine the influence of the mixing ratio
(the concentrations of chemicals relative to one another) on toxic outcome across a
wide range of mixture dose levels. HAAs are formed during chemical disinfection
of water. Mixtures of HAAs, containing some or all of the 5 HAAs (bromo/chloro)
regulated by the U.S. EPA, 4 HAAs (bromo/chloro) commonly measured in drinking water and one HAA (idoacetic acid, IA) recently identified in water disinfected
by chloramines, were tested at equimolar mixing ratios and at mixing ratios representing disinfection by either postchlorination or preozonation/postchlorination.
The toxicity of the 10 individual HAAs and 7 HAA mixtures was evaluated in a
Chinese Hamster Ovary cell chronic cytotoxicity assay. Based on the concentration
that resulted in a 50% decrease in cell density (%C1⁄ 2), the toxicity of the individual HAAs varied across 3 orders of magnitude, with IA and bromoacetic acid (BA)
the most toxic and dichloroacetic acid (DCA) the least toxic. The toxicity of the
HAA mixtures was profoundly influenced by the mixing ratio. Based on the %C1⁄ 2
values, mixture toxicity was not correlated (r = 0.60, P < 0.15) with the concentration of BA, one of the most toxic HAAs. In contrast, there was a significant correlation (r = 0.90, P < 0.006) between the concentration of DCA (the least toxic HAA)
and mixture toxicity. These results indicate that mixing ratio has a significant impact on HAA mixture toxicity. Furthermore, HAA mixture toxicity cannot be predicted from the concentrations of the most toxic individual HAAs. In conclusion,
improved knowledge of the influence of mixing ratio on mixture toxicity is crucial
for understanding the risk associated with chemicals regulated as mixtures. When
conducting risk assessments of mixtures, the influence of mixing ratio on toxicity
should be considered. (This abstract may not reflect EPA policy.)

2300

A POSTULATED MODE OF ACTION FOR CARBON
TETRACHLORIDE LIVER TOXICITY

M. K. Manibusan1, J. M. Donohue2 and M. Odin3. 1National Center for
Environmental Assessment Environmental Protection Agency, Washington, DC,
2
Office of Science and Technology Environmental Protection Agency, Washington, DC
and 3Syracuse Research Corporation, Syracuse, NY.
The Integrated Risk Information System (IRIS) health reassessment of carbon
tetrachloride will include consideration of available mode of action information.
Mechanistic studies provide evidence that metabolism of carbon tetrachloride via
CYP2E1 to highly reactive free radical metabolites appears to play a critical role in
the postulated mode of action. The primary metabolites, trichloromethyl and
trichloromethyl peroxy free radicals, are highly reactive and are capable of covalently binding to cellular macromolecules, with fatty acids from membrane phospholipids as a favored target. The free radicals appear to initiate lipid peroxidation
by attacking polyunsaturated fatty acids in membranes initiating a free radical
chain reaction sequence. Lipid peroxidation is known to cause membrane disruption, resulting in the loss of membrane integrity and leakage of microsomal enzymes. By-products of lipid peroxidation include reactive aldehydes that can form
protein and DNA adducts and may contribute to hepatotoxicity and carcinogenicity, respectively. Natural antioxidants, including glutathione, are capable of quenching the lipid peroxidation reaction. When glutathione is depleted, the opportunities for lipid peroxidation are enhanced. Weakened cellular membranes, allow
leakage of calcium into the cytosol, disrupting intracellular calcium homeostasis.
High calcium levels in the cytosol activate calcium-dependent proteases and phospholipases that further increase the hydrolysis of the membrane building blocks, ultimately leading to cell death. Sustained cell regeneration and proliferation following cell death may increase the likelihood of unrepaired spontaneous mutations
that can lead to cancer.
The views expressed in this poster are those of the authors and do not necessarily reflect the views or policies of the U.S. EPA.
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IDENTIFICATION OF RISK-RELEVANT INTERNAL
DOSE METRICS FOR USE IN ROUTE-TO-ROUTE
EXTRAPOLATION: EXAMPLES WITH 1,1,2TRICHLOROETHANE

L. M. Sweeney1, M. L. Gargas1 and P. Voytek2. 1The Sapphire Group, Dayton, OH
and 2Risk Science, Inc., Millwood, VA.
1,1,2-Trichloroethane (1,1,2-TCE, CAS No. 79-00-5) is used as an intermediate in
the production of vinylidene chloride, as a solvent, in adhesives and lacquers, and
in the production of Teflon®. 1,1,2-TCE has been designated as a hazardous air
pollutant (HAP), indicating a need for a quantitative understanding of the hazards
of 1,1,2-TCE exposure by the inhalation route. Pharmacokinetic studies were con-

ducted and a physiologically based pharmacokinetic (PBPK) model was developed
that described the disposition of 1,1,2-TCE in rats and mice by oral and inhalation
routes. The model has been used as a tool to conduct route-to-route extrapolation
of health criteria determined in oral studies to inhalation equivalents, eliminating
the need to conduct new inhalation studies when high-quality oral studies were already in existence. A key step in route-to-route extrapolation using PBPK models is
the identification of a likely mode of action and appropriate dose metrics. In our
route-to-route extrapolations, we have used a variety of types of information to determine mode of action and support the selection of a given dose metric. For example, we have used results of in vitro genotoxicity testing (with and without metabolic activation) to support the selection of a dose metric for extrapolation of
carcinogenicity results. In the absence of a demonstrable developmental toxicity effect, we considered evidence for mode of action of structurally-similar compounds
which did produce developmental toxicity. For all endpoints evaluated (carcinogenicity, immunotoxicity, developmental toxicity, and neurotoxicity) alternative internal dose metrics were considered and sensitivity analyses conducted to provide
additional information to risk assessors on confidence in the route-to-route extrapolation results.

2302

WEIGHT OF EVIDENCE FOR THE NEUROTOXICITY
OF PERCHLOROETHYLENE
S. Barone, R. McGaughy and C. S. Scott. NCEA-W, USEPA, Washington, DC.
Perchloroethylene (perc) has been demonstrated to have effects on neural function
in both animals and humans. This paper describes the hazards associated with this
critical outcome. The document reviews the literature on neurological testing of
people exposed to perc occupationally in dry cleaning facilities and on people living
near dry cleaning facilities. It also summarizes the structural and functional studies
of laboratory animals exposed to perc via inhalation and other routes of exposure
assess the integrity of the nervous system. This paper examines the weight of evidence of the database for neurotoxicity under both acute and chronic exposures scenarios affecting numerous domains of neurological function including visual,
motor and cognitive. The animal database is limited in that no studies have evaluated cognitive function after chronic exposure as would be indicated by findings in
humans. Developmental neurotoxicity following exposure to perc has not been examined in any systematic fashion. Some studies would suggest effects (e.g, visual
and motor functional deficits) on the nervous system following developmental exposure. The range of effects in humans chronically exposed via inhalation yields
LOAELs ranging from 0.3 to 41 ppm depending upon the endpoints examined
and whether the studies were occupational or residential exposures. The residential
exposure levels were noted to be about an order of magnitude less than most of the
occupational exposures. The range of effects from animals chronically exposed via
inhalation yields LOAELs ranging from 37 to 1000 ppm depending upon the endpoints examined. This paper also describes critical data gaps that have an impact on
characterizing the hazard and understanding the mode of action. (Disclaimer: The
views of the authors of this abstract are those of the authors and do not represent
Agency policy or endorsement).

2303

ACUTE EFFECTS OF HEXANAL VAPOR IN
VOLUNTEERS
U. Svedberg3, G. Johanson1, L. Ernstgard1, A. Iregren2 and B. Sjogren1. 1Work
Environment Toxicology, Karolinska Institute, Stockholm, Sweden, 2National Institute
for Working Life, Stockholm, Sweden and 3Department of Occupational and
Environmental Medicine, Sundsvall Hospital, Sundsvall, Sweden.
n-Hexanal is a major component in emissions from wood pellets. Data on health
hazards of hexanal and wood pellet emissions are sparse. The aim of this study was
to evaluate acute health effects after controlled short-term exposure to hexanal
vapor. The study was performed in accordance with the Helsinki declaration and
following approval by the Regional Ethical Review Board in Stockholm and written
consent by the participants. In a pilot experiment 4 female and 4 male healthy volunteers rated symptoms on a visual analogue scale (VAS) while exposed to stepwise
increasing levels of hexanal from 0 to 12 ppm in an exposure chamber. The pilot experiment suggested 2 ppm as a no observed and 10 ppm as a lowest observed adverse effect level. In the main experiment 6 females and 6 males were exposed at
three different occasions to 0 (control exposure), 2 and 10 ppm hexanal vapor for
two hours at rest. All symptoms ratings tended to increase with exposure level, and
significantly so for discomfort in the eyes (p=0.03, Kruskal-Wallis) and nose
(p=0.04), solvent smell (p<0.001) and headache (p=0.002). Except rating of smell,
the ratings at 10 ppm were still at the lower end of the VAS scale, verbally corresponding to between “hardly at all” and “somewhat”. Blinking frequency was significantly increased at 10 ppm (p=0.002, repeated measures ANOVA). No effect of
hexanal was detected with respect to nasal swelling, as measured by acoustic rhinometry, although there was a non-significant tendency to increased nasal blocking
index. No effects were seen on plasma inflammatory markers (C-reactive protein
and interleukin-6). In conclusion, our study suggests a mild irritative effect at 10
ppm hexanal with no apparent adversity at 2 ppm (financially supported by AFA
and the Swedish Energy Agency).

2304

SURVIVAL FACTOR CALPASTATIN, PROTECTS
SUBCHRONIC CHLOROFORM PRIMED MICE
AGAINST LETHAL DOSE OF CHLOROFORM

B. K. Philip1, P. S. Palkar1, S. S. Anand2, J. R. Latendresse3, M. Mumtaz4 and
H. M. Mehendale1. 1Toxicology, ULM, Monroe, LA, 2University of Georgia, Athens,
GA, 3NCTR, Jefferson, AR and 4ATSDR, Chamblee, GA.
Autoprotection is a phenomenon in which pre-exposure to a small dose of a toxicant protects against the toxic and lethal effects of a high dose of the same toxicant.
Previously, we reported that subchronic chloroform (CF) priming protects Swiss
Webster (SW) mice from toxicity and lethality of a subsequently administered
lethal dose of CF. The time course of liver and kidney injury indicated that injury
progresses in unprimed mice even after the toxicant had been completely eliminated, but regressed in primed mice. We tested the hypothesis that progression of
injury in unprimed mice was mediated by calpain, released from necrotic cells and
overexpression of calpastatin, a survival factor, in dividing cells prevents calpainmediated injury in the primed mice. Male SW mice (25-29 g) were pre-treated with
either vehicle (5% Emulphor; unprimed mice) or CF (150 mg kg/d po; primed
mice) for 30 d, before challenging with a lethal dose of CF (750 mg/kg). Liver and
kidney injury were assessed by plasma ALT and BUN, respectively, and by
histopathology. Liver and kidney tissue repair were assessed by 3H-T incorporation
and PCNA. As evidenced by immunohistochemical staining, leakage of calpain in
the extra cellular space was high and progressive in unprimed mice, spearheading
progression of liver and kidney injury. Expression of calpastatin was very minimal
in these mice. Calpain appeared in the extracellular space only at early time points
and expression of calpastatin was prominent over the entire time course in liver and
kidney of primed mice. These findings suggest that subchronic pre-exposure to CF
prevents the progression of injury by over expressing survival factors such as calpastatin (ATSDR U61/ATD 681482).

2305

AMBIENT CONCENTRATIONS OF BENZENE ARE
BELOW THOSE ASSOCIATED WITH SIGNIFICANT
CANCER RISK

L. A. Beyer, C. M. Long, B. D. Beck and T. M. Slayton. Gradient Corp.,
Cambridge, MA.
Benzene is a known human carcinogen encountered in daily life (e.g., in gasoline).
US EPA has estimated, based on the theoretical assumption of low-dose linearity,
that the upper bound increase in the lifetime risk of an individual exposed for a lifetime to 1 µg/m3 benzene in air, ranges from 2.2 x 10-6 to 7.8 x 10-6. US EPA has
also established a bench mark concentration (BMC) of 8.2 mg/m3 (8,200 µg/m3),
based on decreased lymphocyte count. We compared benzene concentrations in
both ambient air and indoor air to these concentrations and concluded that benzene concentrations encountered in everyday life are below levels associated with
significant cancer risk and well below those associated with a decreased lymphocyte
count, which is thought to be a precursor to cancer.
For ambient air, exposure data for benzene were compiled from a number of comprehensive governmental databases and recently published studies. Five broad categories of data sources were used: US EPA ambient air quality databases/monitoring
programs; in-vehicle, roadway measurement studies; large-scale modeling analyses;
peer-reviewed urban air monitoring studies; and special purpose California state
monitoring programs. We included only recent studies of U.S. locales.
For indoor air, the majority of the data were obtained from peer-reviewed journal
articles of recent measurement studies conducted in both residential and commercial buildings. In addition, we relied on reports prepared for the California Air
Resources Board describing comprehensive indoor measurement studies in both
California residences and schools and a US EPA indoor air study - the Building
Assessment Survey and Evaluation (BASE) Study.
For ambient air, mean concentrations of benzene ranged from 0.33 to 13 µg/m3.
For indoor air, mean concentrations of benzene ranged from 0.98 to 7.2 µg/m3.
These concentrations would confer a maximum risk of 10-4 and would not pose a
significant cancer risk. Further, they are orders of magnitude below the benchmark
concentration.

2306

NEW EPIDEMIOLOGICAL DATA SUPPORT THE
DERIVATION OF A CHRONIC-DURATION
INHALATION MINIMAL RISK LEVEL (MRL) FOR
BENZENE BASED ON BENCHMARK DOSE (BMD)
ANALYSIS

D. W. Wohlers1, J. Stickney1 and S. Wilbur2. 1Syracuse Research Corporation,
North Syracuse, NY and 2ATSDR, Atlanta, GA.
Although clinical manifestations of noncancer benzene hematotoxicity (cytopenia,
pancytopenia, aplastic anemia) are most commonly apparent at exposure concentrations in excess of 10 ppm, results of new well-designed studies indicate that benzene may be hematotoxic at much lower exposure levels. Depressed blood values
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may be early indicators of more serious hematological effects. A chronic-duration
inhalation MRL of 0.003 ppm for benzene has been derived based on hematological results from shoe factory workers chronically exposed to benzene compared to
workers in factories that did not use benzene. Benzene exposure was individually
monitored five or more times during 16 months prior to phlebotomy. Study subjects were categorized into four groups (controls, <1 ppm, 1–<10 ppm, and ≥10
ppm) according to mean benzene exposure levels measured twice during the month
prior to phlebotomy. Mean benzene exposure levels were <0.04 (controls),
0.57±0.24, 2.85±2.11, and 28.73 ±20.74 ppm, respectively. Each type of white
blood cell and platelets were significantly decreased in the lowest (0.57 ppm) exposure group, relative to controls. Decreased B cell count was selected as the critical
effect for benchmark dose modeling because it represented the highest magnitude
of effect. All continuous variable models in the EPA Benchmark Dose Software
(Version 1.3.2) were fit to the B cell count data. The Hill model provided the best
fit of the data set. A benchmark response (BMR) of 0.25 standard deviations below
the control mean B cell count was selected because it resulted in a benchmark concentration (BMC) of 0.42 ppm, which is below the mean exposure level of the lowest exposure group (0.57 ppm) for which a statistically significant decrease in mean
B cell count was observed. The resulting lower 95% confidence limit (0.10 ppm) of
the BMC was adjusted to a continuous exposure concentration (0.03 ppm) and divided by an uncertainty factor of 10 to account for human variability.

2307

EVALUATION OF THYROID ADENOMAS IN MICE
FOLLOWING EXPOSURE TO TERTIARY-BUTYL
ALCOHOL AND THEIR RELEVANCE TO HUMANS
USING THE USEPA’S 2005 GUIDELINES FOR
CARCINOGENIC RISK ASSESSMENT

A. M. Shipp, T. McDonald and C. Van Landingham. ENVIRON International
Corp., Ruston, LA.
The purpose of this investigation was to conduct a quantitative risk assessment according to the United States’ Environmental Protections Agency’s (USEPA) 2005
Guidelines for Carcinogenic Risk Assessment in which data on the mode of action
by which tertiary-butyl alcohol (TBA) induced renal tumors in rats and thyroid tumors in mice was considered. Dose-response was conducted for TBA using the incidence of thyroid adenomas in female and male mice reported by in a two-year
bioassay conducted by the National Toxicology Program. Human equivalent doses
were derived and consideration was given to pharmacokinetic and pharmacodynamic differences in species. As per USEPA guidance, dose-response models were
used to estimate a dose in the observable range, termed a point of departure (POD),
defined as the lower bound on dose at a specified level of risk, usually 10%
(LED10). Because of uncertainty around the estimate of the LED10 or lower
bounds for other risk levels, values for the maximum likely estimate (ED10) and
the upper bound (UED10) were derived along with the lower bound. In addition,
the data for follicular cell hyperplasia in male and female mice was modeled using a
variety of Benchmark models currently found in the USEPA’s BMDS software. For
chemicals with a nonlinear mode of action, such as is likely for TBA, a non-linear
extrapolation to lower doses was conducted. The POD selected was the smallest of
the LED10s on BMDL10adj and was 22 mg/kg/day derived from female follicular
cell hyperplasia data and the Multistage model. Using the POD, a Reference Dose
(RfD) was estimated according to the new USEPA guidelines (2005). The uncertainty factors considered included inter- and intra-species variability in kinetics and
sensitivity, the nature of the response (use of precursor data) and other data base
limitations. The resulting RfD was 220 µg/kg/day.

2308

DEVELOPMENT OF A METHANOL PBPK MODEL AND
DERIVATION OF AN HEC BASED ON
DEVELOPMENTAL EFFECTS IN MICE

T. S. Poet1, J. T. Teeguarden1, P. M. Hinderliter1 and J. S. Gift2. 1Center for
Biological Monitoring and Modeling, Pacific Northwest Nat, Richland, WA and
2
NCEA, USEPA, Research Triangle Park, NC.
Methanol, a high production volume chemical with potential for human exposure,
is currently being assessed under the U.S. EPA’s IRIS (Integrated Risk Information
System) process. The purpose of this work was to develop and calibrate physiologically based pharmacokinetic (PBPK) models for extrapolation of inhalation-route
blood dose metrics in mice to equivalent human inhalation exposure concentrations (HEC). Methanol is water soluble and partitions almost equally between
blood and tissues, except fat. The model included compartments for the liver, fat,
and lumped remainder of the body along with lung/blood methanol exchange.
Methanol pharmacokinetics in pregnant and early gestation day pregnant mice are
consistent and the reported blood:fetus partition coefficient is one. Thus, it was
deemed unnecessary to specifically model pregnancy or fetal methanol kinetics.
The model employed two saturable metabolic pathways in mice but only one in
humans. The human model also included a first order rate of elimination from ar-

472

SOT 2006 ANNUAL MEETING

teriole blood to represent urinary clearance of MeOH. The mouse model was calibrated against inhalation-route blood methanol data and validated against intravenous-route blood methanol data. The human model was calibrated against inhalation-route methanol blood concentration data. The model reported here used a
consistent set of parameters to fit published data sets from multiple laboratories, at
multiple doses, and from multiple routes of exposure. Ventilation rates were varied
according to experimental conditions (exercise). The mouse and human models accurately describe the inhalation route pharmacokinetics of methanol. The calculated methanol HECs based on the mouse NOEL for cervical rib malformations
(1000 ppm) predicted by the model were 418 and 661 ppm using methanol blood
AUC and Cmax as the dose metrics, respectively.

2309

COMPARING BEHAVIORAL DOSE-EFFECT CURVES
FOR HUMANS AND LABORATORY ANIMALS ACUTELY
EXPOSED TO TOLUENE

P. J. Bushnell1, V. A. Benignus2 and W. K. Boyes1. 1NHEERL Neurotoxicology,
USEPA, Research Triangle Park, NC and 2NHEERL Human Studies, USEPA,
Research Triangle Park, NC.
The utility of laboratory animal data in toxicology depends upon the ability to generalize the results quantitatively to humans. To compare the acute behavioral effects
of inhaled toluene in humans to those in animals, dose-effect curves were fitted by
meta-analysis of published data and by re-analysis of data from our laboratory.
Available human data were limited to studies of choice reaction time (CRT). Data
from animals included visual evoked potentials (VEPs), signal detection (SD) behavior, and appetitively- and aversively-motivated schedule-controlled behavior. A
dose-effect curve was fitted to each set of animal data and compared to the curve for
human CRT. The resulting dose-equivalence equations represented doses that produced the same magnitude of effects in humans and animals for each endpoint. The
results showed that some kinds of animal experiments were as sensitive to the acute
effects of toluene as were human studies, whereas other kinds were less sensitive.
The data support the conclusions (a) that if contingencies in animal experiments
exert strong control over performance, then performance resists change by toluene
and (b) the sensitivity of the test to toluene was not greatly affected by the topology
of the task. Thus, CRT in humans and VEPs in rats both lack performance contingencies and were topologically very different, yet the dose-effect curves were virtually identical. Conversely, appetitively-motivated SD behavior in rats was topologically similar to non-contingent CRT in humans, but the rats were less affected than
humans. These observations suggest (1) that the task contingencies are more important than response topology in determining the sensitivity to acute toluene and
(2) that if the contingencies are similar in human and animal studies, then the two
species will show equal sensitivity to acutely-administered toluene, even if the dependent variables differ. (This abstract does not reflect EPA policy.)

2310

USE OF MARKOV CHAIN MONTE CARLO ANALYSIS
TO ESTIMATE THE PHARMACOKINETIC AND
PHARMOCODYNAMIC PARAMETERS REQUIRED FOR
A MODE-OF-ACTION BASED CANCER RISK
ASSESSMENT FOR CHLOROFORM

K. H. Liao1, Y. Tan1, R. B. Conolly2, M. E. Andersen1 and H. J. Clewell1.
1
Center for Human Health Assessment, CIIT Centers for Health Research, Research
Triangle Park, NC and 2National Center for Computational Toxicology, USEPA,
Research Triangle Park, NC.
Chloroform is a carcinogen in rodents and its carcinogenicity is secondary to events
associated with cytotoxicity and regenerative cell proliferation. A previous cancer
risk assessment for chloroform, conducted by Health Canada, was based on a pharmacokinetic dose metric for the endpoint of elevated labeling index (LI) in rat kidney, an indication of cytotoxicity and regenerative proliferation. The goal of this research is to develop the necessary model elements to support a new cancer
dose-response assessment for chloroform using a mode-of-action based physiologically-based pharmacokinetic/pharmacodynamic (PBPK/PD) model that links the
processes of chloroform metabolism, repairable cell damage, cell death, and regenerative cellular proliferation. Model parameters were estimated using Markov
Chain Monte Carlo (MCMC) analysis in a two-step approach: 1) metabolic parameters for both genders of mice and rats were estimated, separately, against all
available closed chamber gas uptake data; and 2) PD parameters for each of these
four groups of rodents were then estimated with the hepatic and renal LI data following inhalation exposures. The scale-up of the rodent model to the human model
was based on the rodent PD parameters from the MCMC analysis together with
physiological and metabolic parameters from the literature for humans. The human
model was used to predict the dose-response for chloroform-mediated cytotoxicity
in liver and kidneys. This model could be used to support a cancer risk assessment
for chloroform based on the assumption that the dose-response for chloroform cytotoxicity is predictive of the dose-response for cancer. This work was reviewed by the
U.S. EPA and approved for publication but does not necessarily reflect Agency policy.

2311

PROPOSED CANCER MODE OF ACTION FOR
FORMALDEHYDE BASED ON EPA CANCER
GUIDELINES

J. E. Whalan, D. DeVoney, C. M. Thompson, P. D. White and J. J.
Vandenberg. NCEA, USEPA, Washington, DC.
The Integrated Risk Information System (IRIS) Program is conducting a health assessment of formaldehyde (FA) that will apply the mode of action (MOA) framework of the EPA Guidelines for Carcinogen Risk Assessment. FA exposure is associated with nasopharyngeal cancer in humans and there is strong supporting
evidence of FA-induced nasal cancers in animal studies. Key events defined in the
proposed FA MOA are mutation and cell proliferation. Evidence supporting FA
mutagenicity includes direct DNA reactivity, mutagenicity observed in in vitro testing systems and evidence of genotoxicity in human studies. Taken together with
basal cell proliferation in the respiratory tract pseudostratified epithelium, FA mutagenicity alone has the potential to increase transformation of cells. Animal bioassays have demonstrated increased cell proliferation in the upper respiratory tract
mucosa in response to FA. The magnitude and duration of increased cell proliferation are dependent on FA dose, duration, exposure regimen and location. Exposure
regimens which are cytotoxic, resulting in sustained regenerative cell proliferation
of the nasal mucosa, provide a strong measurable tumor response in animal bioassay systems. Therefore, an integrated MOA is proposed which considers that different-dose response relationships exist as different modes drive cell proliferation. In
developing a quantitative assessment of potential human cancer risk, the shape of
the dose-response curve is critical when extrapolating observed cancer incidence in
occupational cohorts, or animal bioassays, to low dose exposures. The dose-response relationship, based on the integrated MOA, may support extrapolation of
cancer risk to low dose exposures, where some measure of cancer risk may exist at all
doses as a function of FA-induced mutation and cell proliferation. (The views expressed in this abstract are those of the authors and do not necessarily reflect the
views or policies of the US Environmental Protection Agency.)
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RISK CHARACTERIZATION OF PERCHLORATE IN
DRINKING WATER: A HOMEOSTATIC APPROACH

B. R. Stern1, J. Longstreth2, G. Blumenthal2, J. Cohen2, W. Mendez2 and J.
Welham2. 1BR Stern and Associates, Consulting in Health Sciences and Risk
Assessment, Annandale, VA and 2ICF Consulting, Inc., Fairfax, VA.
The perchlorate salts of ammonium perchlorate, a component of solid rocket fuels,
are detected in U.S. ground and surface waters. High doses of perchlorate have
been used medicinally for decades to treat hyperthyroid diseases by inhibiting iodine uptake at the level of sodium-iodide transporter(NIS); thus,the mechanism of
thyroid action is known. Concern has been expressed about the potential neurodevelopmental toxicity of perchlorate exposure to sensitive subpoplations, identified
as fetuses during the first half of pregnancy and neonates whose mothers are chronically hypothyroxemic during early pregnancy and/or throughout gestation because
of iodine insufficiency. To conduct a risk assessment, animal and human studies
were critically evaluated and a clinical volunteer study was selected as the principal
study. Several indices of thyroid status, including decreased serum free and total
thyroxine (T4) and triiodothyronine (T3),were identified as potential precursor
events to thyroid-mediated toxicity. Benchmark dose modeling was conducted to
derive a range of point of departures (POD) for each endpoint, using a benchmark
response (BMR) of 5, 10 or 20%. Uncertainty factors to account for variability in
human sensitivity and homeostasis among iodine-deficient pregnant women, study
duration, and insufficient data on the extent of potentially adverse neurodevelopmental effects in the offspring were applied to the PODs. The resulting RfDs provide a range of values, depending on endpoint and BMR. The RfDs for a 10% reduction in hormone levels range from 0.001-0.004 mg/kg-day perchlorate ion.
Assuming a 65-kg woman consumes 2 L/day, these values convert to drinking water
concentrations ranging from 41-136 µg/L (ppb) perchlorate ion. Uncertainties include the size of the potentially sensitive maternal population, difficulties of measuring minor neurodevelopmental deficits, and perchlorate exposure patterns. At
current levels in drinking water, perchlorate is unlikely to pose a risk to human
health.

2313

HUMAN HAZARD ASSESSMENT FOR PERCHLORATE
IN UPLAND GAME FROM RIVERSIDE COUNTY,
CALIFORNIA

J. R. Sanborn1, R. K. Brodberg1, A. M. Fan2, R. Hosea3, A. Mekebri3, M.
Vasquez3, D. Crane3 and G. Blondina3. 1OEHHA, Cal/EPA, Sacramento, CA,
2
OEHHA, Cal/EPA, Oakland, CA and 3Department of Fish and Game, California
Resources Agency, Sacramento, CA.
The Office of Environmental Health Hazard Assessment (OEHHA) performed a
human health hazard assessment for upland game collected from the San Jacinto
Wildlife Area in Riverside County, California, to address the concern that local up-

land game species may be contaminated with perchlorate from a former rocket
motor testing burn site within this area. The Department of Fish and Game (DFG)
is considering allowing public access to this area for hunting Mourning Dove,
California Quail, jack rabbit, and cottontail rabbit. DFG collected samples of these
species and analyzed their muscle tissue for perchlorate residues using High
Performance Liquid Chromatography-Mass Spectrometry. The average perchlorate
concentrations in local upland game species were Mourning Dove 2.35 ng/g,
California Quail 3.34 ng/g, jack rabbit 11.97 ng/g, and cottontail rabbit 1.01 ng/g
based on fresh or wet tissue weight. OEHHA estimated seasonal and annual consumption of these species from published reports, data on weights of edible muscle
in the collected samples, and DFG estimates of meal sizes, and calculated corresponding perchlorate exposures for hunters and their families consuming game
from this area. Exposures were higher when all game was consumed within hunting
seasons (seasonal exposure) than when the same meals were consumed over a longer
period of time. Male exposures were greater than female exposures due to a higher
game consumption rate. These exposures were compared to a toxicity benchmark
equivalent to a reference dose (7.4E-5 mg/kg-day assuming that perchlorate in wild
game contributes 20% of exposure) based on OEHHA’s Public Health Goal benchmark for Perchlorate (3.7E-3 mg/kg-day). The assessment showed that the health
hazards from consuming these game species from this site at typical consumption
levels were well below a level of human health concern.

2314

RISK OF HEPATOTOXICITY FROM CONSUMPTION OF
USNIC ACID

C. Y. Chan and B. J. Kelman. Veritox, Inc., Redmond, WA.
Assessment of risk for both USFDA and USEPA requires some form of hazard
identification, dose-response and exposure assessment, and risk characterization.
“Hazard” in the USA refers to intrinsic toxic properties and “risk” refers to the
probability of an adverse outcome. Without hazard, there is no risk. USFDA can
not review dietary supplements for safety or efficacy as it does for drugs, and does
not approve supplements before they are marketed. There are no clinical trials or
epidemiologic studies of usnic-acid (UA)-induced hepatotoxicity, but there are case
reports of acute hepatitis associated with use of UA as a weight loss supplement.
Case reports describe acute fulminant hepatic failure or hepatitis after consumption
of weight loss or herbal supplements for two weeks (500 mg UA/day) to a year (100
mg Na usniate/tablet; tablet/day not reported) before abdominal pain, arthralgia,
flu-like symptoms, jaundice, malaise, myalgia, nausea, and vomiting were reported.
Elevated serum transaminases, alkaline phosphatase, and total bilirubin levels were
observed, with levels returning to normal upon discontinuation of use. There was
one death (from herniation) and two liver transplants. In different reports, humans
fed 0.1 to 1 g/day of Na usniate had no adverse effects; 3 g/day caused pain in the
region above the liver. Based on animal studies, UA is highly protein bound and
distributed into well-perfused organs. One study in rats reported liver cell damage
after 5 days of i.p. treatment (50 and 200 mg/kg UA), but no significant change in
serum transaminase levels. Several studies using hepatocytes postulate UA-induced
hepatotoxitity is due to the inhibition of mitochondrial function and induction of
oxidative stress. In the absence of clinical trials or epidemiologic data supporting an
association between UA and increased risk of liver toxicity, it is not possible to show
a risk from UA consumption in humans.

2315

CHEMICAL CONTAMINANTS IN SEAFOOD –
INTEGRATION OF RISKS AND BENEFITS

P. M. Bolger and C. D. Carrington. Department of Health and Human Services,
USFDA, College Park, MD.
In assessing the risks of environmental chemical contaminants in seafood, it is essential that the relevant public health question be explicitly stated. The risk of exposure to contaminants, like methylmercury (MeHg), must take into account the
public health impact of changes in exposure of seafood nutrients (e.g., n-3 fatty
acids). Risk assessment is often loosely defined and applied, and as a result, assessments of risk often work towards different purposes. The output of most risk assessments is an exposure level (dose) which is assumed to be of negligible risk. The
methodology is useful for determining which exposures are of insignificant public
health concern. The determination that the exposure to a chemical contaminant of
a population, in whole or in part, places the population “at risk” should lead to a
consideration of risk as a matter of the degree of exposure. This allows for the inclusion of critical public health issues such as nutritional benefits of seafood consumption in an overall risk analysis. In the case study analysis quantitative methods
are used to integrate dose-response and exposure information on MeHg with similar information on health benefits associated with seafood consumption on a common endpoint (e.g., neurodevelopment). The results of this analysis indicate that
the overall baseline impact of seafood consumption on neurodevelopment as measured by IQ may be positive or negative, and the sign of the effect may vary among
individuals within a population group. Adjustments of seafood consumption via
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the selection of certain species that optimize exposure to certain seafood nutrients
while minimizing that to MeHg, results in slight adjustments in these outcomes.
These methods can be generalized to evaluate the utility of public health and risk
management programs that involve trade-offs between risks and benefits for any
critical environmental exposure.

2316

TEMPORARY EMERGENCY EXPOSURE LIMITDERIVATION METHODOLOGY UPDATE
D. K. Craig. Douglas Craig, DOE contractor, Ponce Inlet, FL.
The US Department of Energy (DOE) developed default methodology to derive
TEELs for temporary use as Protective Action Criteria (PACs) for chemicals without Acute Exposure Guideline Levels (AEGLs) or Emergency Response Planning
Guidelines (ERPGs). There are AEGLs or ERPGs for about 150 chemicals. Many
DOE complex chemicals have none. A hierarchy of existing concentration limits at
each ERPG level was used. Methodology was later developed to use toxicity parameters for chemicals with no concentration limits. After data input, TEEL-derivation
is completely automated. Changes to the published methodology include:
Compound to element molecular weight ratios are calculated and adjustments
made for compounds whose limits (e.g., PELs) are listed “… as element” (e.g.,
Antimony and compounds, as Sb). Toxicity- to concentration-limit-based ratio are
calculated and adjustments made to TEEL-2 values for which concentration-limitbased values are much lower than toxicity-based ones. Route Adjustment Factors
(RAFs) are rough biological uptake estimates. TEEL-derivation methodology was
applied to all available acute toxicity data (i.e., for different routes of administration) for 90 chemicals with ERPGs and compared with rat oral LD50 results. Some
RAFs were changed. Simple asphyxiant TEELs are now based upon oxygen concentration effects: TEELs 0, -1, -2, and –3 are 60,000 ppm, 145,000 ppm, 280,000
ppm, and 500000 ppm for O2 concentrations of about 19.5, 18, 15 and 10%, respectively. 60-minute AEGLs have replaced ERPGs at the top of the PAC hierarchy
for each hazard level, starting with “TEELs Rev 21”. TEELs are flagged according
to their relationship to Lower Explosive Limits (LELs) also starting with “TEELs
Rev 21”. A “Source of TEELs” column has been added. Health Hazard Ratings
(HHR), if available, are used to estimate toxicity of chemicals for which there are
no concentration limits and no published acute toxicity data. The values used are
based on the definitions given in “SAX’s Dangerous Properties of Industrial
Materials”, John Wiley and Sons, 2005. The latest revision on the web, TEELs Rev
21, gives concentration limits for 2946 chemicals.
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DEVELOPMENT OF INHALATION THRESHOLDS OF
CONCERN FOR THE EVALUATION OF TOBACCO
ADDITIVES
R. Ford1, R. Davis2 and D. Gardner3. 1IACC, London, United Kingdom,
2
ToxSolutions, Flemington, NJ and 3Inhalation Toxicology Associates, Savannah, GA.
The usefulness of the threshold of concern (TOC) concept in safety evaluation is
increasingly being recognized1. This concept is based on a scheme which classifies
substances into 1 of 3 classes primarily according to chemical structure but also
considers metabolism, and, to a lesser extent, physiological and natural occurrence2.
The TOCs for each class were then determined based on a large database of NOELs
from oral studies3. For the evaluation of tobacco additives, inhalation is the relevant
route of exposure. Thus, a large database of inhalation NOELs for ~ 350 substances
has been assembled. Analysis of this database reveals one significant difference from
the oral database – for about 33% of the chemicals the lowest inhalation NOEL is
based on local effects such as respiratory tract injury. On the other hand, for those
substances with the lowest NOELs based on systemic effects, a remarkable correlation with the oral database is seen. Using the inhalation database, with the removal
of those substances with NOELs based only on local effects, allows the determination of inhalation TOCs which can then be used along with estimates of exposure
during smoking as part of the safety evaluation of tobacco additives, the large majority of which are low molecular weight volatile flavours and will be vaporized
without significant pyrolysis. The inhalation TOCs so derived are generally slightly
higher but similar to those derived from the oral database helping to validate their
use with both exposure routes.
1. Kroes, R., Kleiner, J. and Renwick. A. (2005) The Threshold of Toxicological
Concern Concept in Risk Assessment, Toxicol Sci 86(2), 226–230
2. Cramer, G. M., Ford, R. A., and Hall, R. L. (1978). Estimation of toxic hazard—a decision tree approach. Food Cosmet. Toxicol. 16, 255–276
3. Munro, I. C., Ford, R. A., Kennepohl, E., and Sprenger, J. G. (1996).
Correlation of structural class with no-observed effect levels: A proposal for establishing a threshold of concern. Food Chem. Toxicol 34, 829–867.
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VIOXX - THE CASE FOR CAUSATION
R. Parent. Consultox LTD., Damariscotta, ME.
Unselective non-steroidal anti-inflammatory drugs(NSAIDs) inhibit both COX-1
and COX-2 isoenzyme systems and, because of the protective effect of COX-1
isoenzyme on the GI tract, irritation of the gastric mucosa can be a problem. It may
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therefore be desirable to produce an inhibitor of COX-2 without affecting COX-1
isoenzymes if one ignores the balance that occurs between these two isoenzyme system. The thrombotic properties of COX-1 isoenzymes are normally balanced by
the vasoactive prostaglandins mediated by COX-2. Inhibition of COX-2 isoenzymes would therefore be expected to disrupt this balance toward a thrombotic situation with increased risk of cardiovascular and cerebrovascular events. This is indeed the case as is identified in the details of the manufacturer’s own clinical trials
and other studies. The causative relationship between VIOXX®, a COX-2 inhibitor and these adverse events is presented from the viewpoint of the plaintiff.
The elements of a formal causation analysis are presented by a plaintiff ’s expert in
this matter.
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VEHICLE EFFECTS ON MURINE LOCAL LYMPH NODE
ASSAY
W. Wang-Fan, E. Deparade and L. G. Ullmann. Toxicology, RCC LTD., Itingen,
Switzerland. Sponsor: K. Sachsse.
The local lymph node assay (LLNA) has been accepted and recommended for
many years by the OECD and ECVAM as a preferred method for identifying skin
sensitizers. By deriving EC3 values this method provides a useful tool for objective
and quantitative evaluation and estimation of relative sensitization potency.
However, it has also been noted that the vehicles applied in the LLNA can have impact on the accuracy of skin sensitizer identification. For some vehicle matrices, different effects may occur and there exists a variety of mechanisms or ways in which
the vehicles may influence the expression of skin sensitizing activity of a presented
chemical. Therefore, investigating possible vehicle effects on allergenic potency estimation is important. This poster is the fifth part of our systemic experimental investigations on vehicle effects in LLNA tests. Some of the results have been presented separately at previous annual meetings of the SOT, the J-SOT and the 10th
ICT Meeting. In this presentation, a series of vehicle matrices, including AOO,
DMF, BN, PG and DMSO, all of which are recommended by international guidelines, were assayed in different groups each of five CBA/CaHsdRcc(SPF) mice. As
EtOH70% has previously been rationalized as a suitable vehicle for use in the
LLNA tests, this matrix was also included and tested in this study. The results are
summarized in the poster. The vehicle control validation studies demonstrated that
DMSO shows a significantly high DPM/LN level compared with that in both the
naive control group and the other five vehicle groups. Consistent results have also
been obtained comparing measures of LN weight and LNC number of the six vehicle groups and the naive control group. The test results indicated that the viability
of LNC in the six vehicle groups presents no statistically significant differences
compared with that in the naive control group. The primary results might reveal
that certain sensitizing responses can augment the draining LN weight, the LNC
number and the LNC proliferative activity, but there is no significant change of the
viability of the draining
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ASSESSING HUMAN EXPOSURE TO NITROSAMINES IN
BACON USING PROBABILISTIC RISK ASSESSMENT
TECHNIQUES
A. M. Kadry, W. Schlosser and J. Kause. Risk Assessement Division, USDA/FSIS,
Washington, DC.
The Food Safety and Inspection Service (FSIS) is the public health agency in the
U.S. Department of Agriculture responsible for ensuring that the nation’s commercial supply of meat, poultry, and egg products is safe, wholesome, and correctly labeled and packaged. Nitrosamines are pumped into bacon to inhibit growth of
Clostridium botulinum. This report describes an analysis that calculates lifetime
consumer intake of nitrosamines from bacon (accounting for changes in eating
habits with respect to age) and the subsequent risk of developing cancer. The average concentrations of N-nitrosodimethylamine (NDMA) and N-nitrosopyrrolidine
(NPYR) in bacon were calculated based on published retail surveys. NDMA and
NPYR were evaluated because they are the most frequently observed volatile N-nitrosamines in bacon with known oral slope factors.
A SAS program was used to conduct the statistical analysis of the 1994-1996, 1998
Continuing Food Survey of Individual Intakes (CSFII) data providing information
on serving size, number of eating occasions and age of the consumer. An estimation
of lifetime consumption was conducted using Excel and @Risk software. Lifetime
consumption of bacon was estimated using Monte Carlo methods.
The analysis considered the effect of correlating portion size and the number of eating occasions from year to year. The 95th percentile of lifetime bacon consumption
ranged from about 75 Kg (when assuming no correlation) to about 345 (when assuming perfect correlation). This range corresponded with a lifetime risk of cancer
(95th percentile) from consumption of N-nitrosopyrrolidine (NPYR) of 3.2-7 to
1.5-6. For N- nitroso- dimethylamine (NDMA), the risk ranged from 2.8-9 to 1.3-8.
In addition, to estimating cancer risk at the 95th percentile, the probabilistic technique allowed a description of the risk across the entire population. Furthermore,
the ability to apply correlation factors from 0 to 1 allows straightforward evaluation
of cancer risk for a variety of consumption assumptions.

2321

COMPARATIVE ORAL AND DERMAL TOXICITY OF
TERT-BUTYL HYDROPEROXIDE IN FISCHER 344 RATS
AND B6C3F1 MICE

J. Aldridge1, A. Doi1, G. D. Ritchie2, C. A. Colleton2, M. Hejtmancik2 and R.
Chhabra1. 1National Toxicology Program, National Institute of Environmental
Health Sciences, Research Triangle Park, NC and 2Battelle, Columbus, OH.
tert-Butyl hydroperoxide (TBHP) is a common industrial catalyst in oxidation and
sulfonation reactions, used most frequently in the plastics industry. The toxicity
data for TBHP is limited. In the present study, TBHP toxicity was compared by
dermal and oral routes of exposure. TBHP was administered both dermally and by
gavage to male and female Fischer 344 rats and B6C3F1 mice at dosages of 0, 22,
44, 88, 176, or 352 mg/kg. The animals were dosed 13 times on weekdays during
the 18-day study period. The toxicity endpoints examined were body weight
changes, clinical signs of toxicity, organ weights and histopathological evaluation of
selected tissues. There were no significant changes in body or organ weights. Also,
there were no clinical signs of toxicity related to TBHP administration. The
histopathologic examination of tissues from both dermal and oral routes of exposures showed that TBHP is a contact irritant. Pathological changes resulting from
TBHP administration by gavage occurred in the esophagus (hyperplasia, inflammation, necrosis, and/or ulceration) and the forestomach (hyperplasia, inflammation,
ulceration, and/or serosa fibrosa) in the highest two dose groups. Dermal exposure
to TBHP resulted in dermal irritation, hyperkeratosis, hyperplasia and/or inflammation of the epidermis and inflammation of the dermis at the 88, 176, and 352
mg/kg doses. In conclusion, the results from these studies show that repeated administration of TBHP is irritant to the tissues it comes in contact with depending
on the route of administration. There seems to be no systemic toxicity based on the
results from the current studies.

2322

SUBCHRONIC AND CHRONIC EFFECTS OF METHYL
IODIDE ON THYROID PATHOLOGY IN MICE

J. F. Harriman1, G. B. Marit1, R. H. Bruner2, T. A. McDonald3 and J. H.
Kinzell3. 1WIL Research Laboratories, LLC, Ashland, OH, 2Biotechnics, Inc.,
Hillsborough, NC and 3Arysta LifeScience North America, San Francisco, CA.
Methyl iodide (MeI) is under review for registration as a non-ozone depleting alternative to methyl bromide in the pre-plant soil fumigation market. Three and 18
month dietary studies of microencapsulated MeI were conducted in CD1 mice according to EPA OPPTS Guidelines 870.3100 and 870.4200. For the 3 month
study, 10 mice/sex/group received 0, 133, 400 or 1200 ppm MeI in the diet. For
the 18 month study, 50 mice/sex/group received 0, 60, 200 or 600 ppm MeI. The
control group received placebo microcapsules. Routine parameters included clinical
examinations, body weight, food consumption, clinical pathology, organ weight
evaluation and macroscopic and microscopic pathology. Following three months of
treatment, higher thyroid weights were noted and correlated to accumulation of
follicular colloid in all treated groups. These changes were considered an adaptive
response to iodide and not considered adverse. The NOAEL was identified as 400
ppm due to lower body weight and food consumption and two deaths in the 1200
ppm group. After 18 months exposure, plasma TSH, T3 and T4 were evaluated in
addition to the other parameters. Elevated TSH levels were noted in the 200 and
600 ppm males, and lower T4 concentrations were noted in the 600 ppm males.
Higher thyroid weights, increased colloid, cytoplasmic vacuolation and hyperplasia
of the thyroid follicular epithelial cells were observed in all treated groups. Thyroid
follicular cell adenomas or carcinomas were noted in three males given 600 ppm
MeI; no other treatment related tumors were observed. In conclusion, dietary administration of MeI for 3 or 18 months results in elevated plasma TSH levels,
higher thyroid weights, and the histologic changes in the thyroid including increased colloid, cytoplasmic vacuolation, hyperplasia and adenoma/carcinoma of
follicular epithelial cells. The thyroid effects are likely related to iodide-dependent
perturbations of thyroid hormone homeostasis and chronically elevated TSH.

2323

REPEATED DOSE TOXICITY OF
DIISOPROPANOLAMINE (DIPA) AND ITS EFFECT
UPON CHOLINE AND PHOSPHOLIPID (PL)
METABOLISM IN VITRO

W. T. Stott, K. Johnson, B. Tornesi, E. Carney and K. Kleinert. Dow Chemical
Company, Midland, MI.
The repeated dose dermal, oral, and developmental toxicity of DIPA, an alcohol
amine used in a variety of consumer and industrial applications, was evaluated. In
addition, DIPA effects upon choline uptake, PL synthesis and its incorporation
into PLs was evaluated in vitro and compared to that of diethanolamine (DEA), an
analog whose toxicity is linked to these activities. In repeated dose toxicity studies,
DIPA was administered to male and female F344 rats via dermal application of
100, 500 or 750 mg/kg/day for 28-days, or via drinking water at dosages of 100,

500 or 1000 mg/kg/day for 13-weeks. A standard set of ante- and post-mortem
endpoints were evaluated, including histopathological examination of tissues. In a
developmental toxicity study, 100, 300 or 1000 mg/kg/day DIPA was administered
to pregnant CD rats via oral gavage on gds 6-20 and standard evaluations of maternal toxicity, including kidney weights, and fetal soft tissue and skeletal anatomy
were evaluated. Treatment-related effects observed were; irritation of the skin (scab
formation, erythema, edema, hyperkeratosis) in the dermal study at 750
mg/kg/day, and a reversible increase in kidney weights of both sexes at 1000 and
males at 300 mg/kg/day following 13-weeks imbibition of DIPA. No other significant systemic changes were noted in either study. A dermal NOEL of 500 (skin)
and 750 (systemic) mg/kg/day and a subchronic oral NOAEL of 100 and 500
mg/kg/day in males and females, respectively, was established. No maternal or developmental toxicity was observed resulting in a NOEL of 1000 mg/kg/day. DIPA
effects in vitro were examined in cultured CHO cells treated with up to cytotoxic
concentrations. DIPA was a third as active as DEA at inhibiting uptake of 3Hcholine, did not alter the rate of PL synthesis, and 30x less 14C-DIPA than 14DEA was metabolically incorporated into PLs. It was concluded that the repeateddose toxicity of DIPA is relatively low and do not appear linked to metabolic effects
upon choline and PL metabolism.

2324

SUBACUTE ORAL TOXICITY, ABSORPTION AND
BIOSTABILITY OF FLUOROTELOMER-BASED ACRYLIC
POLYMERS (FBAPS) IN RATS

R. Jung1, H. Kauffmann2 and T. Roth1. 1CPS Toxicology, Clariant GmbH,
Sulzbach am Taunus, Germany and 2SSQS, Sanofi-Aventis Deutschland GmbH,
Hattersheim, Germany. Sponsor: G. Troschau.
FBAPs are specialty chemicals being used for coating textiles, paper and carpet to
achieve oil, stain and water repellency properties. The potential subacute toxicity of
two FBAPs was evaluated according to OECD Guideline 407. FBAPs were given to
groups of male and female rats by oral gavage at daily doses of 0 (control), 62.5,
250 and 1000 mg/kg/d for 28 consecutive days. Control and high dose 14-d recovery groups were included. A complete toxicological profile including neurobehavioral assessment was conducted. Absorption and biostability of FBAPs in rats was
evaluated using a FBAP containing less than 20 ppm of low molecular weight perfluoroalkyl impurities. The compound was given by oral gavage to male and female
rats for 10 consecutive days at doses of 0, 125 and 250 mg/kg/d, corresponding to
0, 56 and 113 mg fluorine/kg/d. Plasma, fatty tissue and liver samples were taken
after the last treatment and analyzed for organic fluorine (OF). The detection limit
was 0.5 ppm.
In both 28-day studies no deaths occurred. Behavior, state of health, urinalysis,
neurotoxicological and hematological analysis showed no test item related changes
in all dose groups. Toxicologically relevant effects in clinical biochemical parameters
were not observed. Body weight development and food consumption were not effected. No effects on absolute or relative organ weights were noted at the end of the
treatment and recovery period. Macroscopic and microscopic examination did not
reveal any treatment related effects. In the biostability study organic fluorine was
not detected in any biosample from animals treated with the FBAP.
The no-observed-effect-level for both FBAPs in the 28-day studies was 1000
mg/kg/day.
Absorption or degradation of the polymer should have resulted in detectable OF
levels in the biostability study. As no OF was found, it was concluded, that FBAPs
are neither absorbed from the GI tract nor metabolically degraded into fluorine
containing bioavailable products.
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COMPARATIVE RESPONSES OF RATS AND MICE
EXPOSED TO LINEAR/BRANCHED, LINEAR, OR
BRANCHED AMMONIUM PERFLUOROOCTANOATE
(APFO)

S. E. Loveless1, C. Finlay1, N. E. Everds1, S. R. Frame1, P. J. Gillies2, J. C.
O’Connor1 and G. L. Kennedy1. 1DuPont Haskell Laboratory, Newark, DE and
2
DuPont Nutrition and Health, Newark, DE.
Ammonium perfluorooctanoate (APFO) used in the production of commercial
products was formerly a mixture of approximately 80% linear and 20% branched
isomers. The extensive toxicologic database for APFO has been developed essentially using this mixture of isomers. The trend now is to use APFO containing only
the linear isomer. The present study was undertaken to compare the biologic activity of linear/branched APFO with that of linear APFO. In addition, a form of
APFO consisting of only branched molecules was evaluated. Rats and mice were
given doses by oral gavage ranging from 0.3 to 30 mg/kg of either the
linear/branched, linear, or branched APFO for 14 days. Clinical signs, body
weights, food consumption, selected hematology and serum lipid parameters, liver
and kidney weights, hepatic peroxisomal β-oxidation, and serum PFOA concentrations were evaluated. Mean body weights were about 20% lower in rats and mice
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dosed with 30 mg/kg of linear/branched or linear APFO compared to controls. In
rats, all 3 forms reduced lipids. In mice, all 3 forms reduced total and HDL cholesterol similarly but triglycerides were increased at lower doses. Increased hepatic βoxidation activity and serum PFOA were seen in both species but was least pronounced in rats dosed with the branched material. Lowest Observed Effect Levels
(LOEL) in rats were 1 mg/kg for linear/branched and branched forms and 0.3
mg/kg for the linear form based upon changes in lipid parameters. A LOEL in mice
of 0.3 mg/kg for all 3 forms was based upon liver weight and β-oxidation changes.
Serum PFOA concentrations at the LOEL in rats were 20-51 ppm, in mice 10-14
ppm. In both rats and mice the overall responses to the linear/branched and the linear forms of PFOA were similar, but the branched form appeared to be less potent.
Based on these results, and for the endpoints evaluated in this study, the toxicological database developed primarily from testing linear/branched APFO is applicable
to linear APFO.

2326

ACUTE AND SUBCHRONIC INHALATION TOXICITY
OF TRIETHYLENE GYLCOL BIS(2-ETHYLHEXOATE)

M. P. DeLorme, N. E. Everds, G. P. Sykes and L. A. Belcher. DuPont Haskell
Laboratory, Newark, DE.
Triethylene glycol bis(2-ethylhexoate) (3GO) is a glycol ester plasticizer that is utilized in synthetic resins for the production of flexible films. 3GO has minimal acute
oral and dermal toxicity, was non-irritating to the rabbit eye, and rats fed a diet of
up to 10,000 ppm for 2 weeks had no adverse clinical pathology or histopathological findings. However, no inhalation toxicity data for 3GO exists. Since inhalation
is the most relevant route of occupational exposure, 3GO was evaluated for acute
and subchronic inhalation toxicity. For the acute inhalation study, male rats (n=5)
were exposed nose-only to a single 4-hour exposure to 2000 ± 560 mg/m3 3GO
aerosol (mean ± SD) with a mass median aerodynamic diameter of 2.0 µm ± 2.0
(MMAD ± GSD). No deaths, clinical signs of toxicity or remarkable changes in
body weight were observed over a 14-day recovery period. To evaluate subchronic
effects, groups of 10 male rats were exposed nose-only to either 0 (control), 10 ±
0.35, 300 ± 5.8, or 1000 ± 19 mg/m3 3GO aerosol (mean ± SEM) 6 hours a day
for 9 days over a 2-week period. The mean MMAD for all 3GO exposures was 2.0
µm ± 2.0 (± GSD). One day following the last exposure, blood and urine were collected and 5 animals per group were sacrificed for gross and microscopic pathology
evaluations. Following a 2-week recovery period, the remaining rats were sacrificed
for clinical and pathological evaluations. Subchronic exposure to 3GO did not affect animal body weight and there were no notable clinical signs of toxicity observed. No test substance-related changes in hematology, coagulation, clinical
chemistry, and urinalysis parameters or gross pathology were observed one day following the last exposure or following the 2-week recovery period. No test substance-related changes in microscopic pathology were observed, including the nose
and respiratory tract. Therefore, the approximate lethal concentration for 3GO is
>2000 mg/m3 and the subchronic no-observable-adverse-effect-level (NOAEL) for
male rats is 1000 mg/m3.

2327

NINETY-DAY ORAL GAVAGE TOXICITY STUDY OF
PERFLUOROBUTANESULFONATE (PFBS) IN RATS

P. Lieder and J. Butenhoff. 3M Company, St. Paul, MN.
Perfluorobutane sulfonate (PFBS) is a surfactant and degradation product of substances based on perfluorobutanesulfonyl fluoride. Rats were dosed for 90-days
with PFBS at doses of 60, 200, and 600 mg/kg/d body weight. Endpoints evaluated
were: clinical observations, food consumption, body weight, gross and microscopic
pathology, clinical chemistry and hematology. Functional observation battery and
motor activity assessments were made. Histological examination included all tissues in control and 600 mg/kg/d groups. Microscopic examinations were performed on nasal cavities and turbinates, stomachs, and kidneys in the 60 and 200
mg/kg/d groups. No mortality, body weight, or neurological effects were noted.
Chromorhinorrhea (perioral) and urine-stained abdominal fur were observed in
males at 600 mg/kg/d. All rats appeared normal at sacrifice. Red blood cell, hemoglobin, and hematocrit values were reduced in males receiving 200 and 600
mg/kg/d, however, there were no microscopic findings in bone marrow. Total protein and albumin were lower in females at 600 mg/kg/d. There were no significant
changes in clinical chemistry. Microscopic changes were only observed at the highest dose in the stomach (hyperplasia, some necrosis of the mucosa with some squamous metaplasia due to a cumulative direct irritation effect resulting from gavage of
PFBS) and kidneys (minimal-to-mild hyperplasia of the epithelial cells of the
medullary and papillary tubules and the ducts in the inner medullary region). There
were no corresponding changes in kidney weights. Clinical chemistry parameters
related to kidney function were unchanged. These kidney findings are likely due to
a response to high concentration of PFBS in tubules and ducts and do not represent
an adverse effect. Microscopic changes of an equivocal and uncertain nature were
observed in the nasal mucosa. The NOAEL for the female rat is 600 mg/kg/d. The
NOEL for the male rat is 60 mg/kg/d, based on hematological effects.
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90-DAY ORAL GAVAGE AND
REPRODUCTIVE/DEVELOPMENTAL SCREENING
TOXICITY STUDY OF
TRIMETHYLPENTAPHENYLTRISILOXANE IN
SPRAGUE-DAWLEY RATS
J. Domoradzki, L. Meeker, J. Crissman, J. Knochel, J. McMahon, S. Crofoot
and K. Plotzke. Health and Enviromental Sciences, Dow Corning Corporation,
Midland, MI.
Trimethylpentaphenyltrisiloxane is a silicone fluid used in various consumer applications and it was evaluated in a combined repeated exposure toxicity study with a
reproductive/developmental toxicity screening test. The study design utilized an enhanced version of the protocol in accordance with OECD Test Guideline Number
408, OECD Test Guideline Number 422, and USEPA Health Effects Test
Guidelines OPPTS 870.3650 and 870.3100. The test substance was administered
by oral gavage in corn oil for 91 (toxicity group females) or 92 (males) days to 10
rats/sex/group at 0, 100, 500 or 1000 mg/kg/day. A single group of males were used
for both the toxicity and reproductive phases of the study. Reproductive group females were treated for 14 days prior to the mating period, during the mating period
and then up to and including gestational day 19. No clinical signs attributed to test
substance were noted. Based on ophthalmological examinations conducted at the
end of the study no treatment related changes to the eyes were found. There were
no test substance-related effects on body weight or food consumption for any of the
exposure groups when compared to controls. No treatment-related changes were
observed in any of the functional observational battery and motor activity parameters. There were no alterations in hematology, serum chemistry, organ weight,
organ to body weight ratios or macroscopic examination of organ/tissues among
the groups. Histopathologic examination of tissues and organs for control and high
exposure animals demonstrated no significant treatment-related microscopic findings. No test substance-related effects were observed in any of the reproductive parameters evaluated. Based on the results of this study, the NOEL for trimethylpentaphenyltrisiloxane in rats following oral gavage administration in corn oil was
considered to be 1000 mg/kg/day for all evaluations: toxicological, reproductive,
developmental, and neurological.
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ETHYL SILICATE: REPEAT DOSE TOXICITY STUDY
WITH SCREENING REPRODUCTIVE AND
DEVELOPMENTAL ENDPOINTS IN THE RAT
W. H. Koch1 and O. Foulon2. 1Epona Associates, LLC, Willington, CT and 2CIT,
Evreux, France.
The toxicity of ethyl silicate (ES), an HPV chemical, was evaluated in a Repeat
Dose Toxicity Study with Screening Reproductive and Developmental Endpoints
(OECD 422). The objective of the study was to evaluate the effects of ES to male
and female rats from before mating, through mating, gestation and beginning of
lactation. Animals were distributed into two major groups:
Principal Groups (PG): 3 groups of 10 rats/sex received ES by gavage once/day at 0
(corn oil), 10, 50 or 100 mg/kg/d, throughout the pre-mating period, during the
mating and post-mating periods until final sacrifice for the males, throughout premating and mating period, during pregnancy and lactation, until day 4 post-partum inclusive (or until sacrifice for un-mated females) for the females.
Toxicity Groups (TG): - 3 groups of 10 females received ES and a fourth group received the vehicle under the same experimental conditions as PG males. The PG
males were used to assess toxicity and reproductive effects. The PG females were used
to assess reproductive effects. The TG females were used to assess toxicity effects.
ES induced a transient decrease in body weight gain during lactation at 100
mg/kg/d. A slight transient decrease in body weight gain was also noted in TG females at 100 mg/kg/d, but no change in body weight was noted in PG males at any
dose level. Tubular nephropathy was observed among some treated PG males at 50
and 100 mg/kg/d and TG females at 100 mg/kg/d. This was associated with slightly
lower plasma levels of sodium, potassium and glucose. No signs of ES-related maternal or paternal toxicity occurred at the low dose level (10 mg/kg/d). There were
no ES-related effects on parental male and female reproductive performance, or on
progeny at any dose level. Based on these results, the NOAEL for parental toxicity
is 50 mg/kg/d for the females, 10 mg/kg/d for the males, and 100 mg/kg/d for reproductive performance and developmental toxicity. (Sponsored by the Silicones
Environmental, Health and Safety Council).
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ORAL REPRODUCTIVE/DEVELOPMENTAL TOXICITY
SCREEN IN RATS WITH AMMONIUM PERSULFATE
M. L. Weiner1, E. V. Weaver2, J. R. Leininger2 and K. L. Li3. 1Toxicology, FMC
Corporation, Princeton, NJ, 2Covance Laboratories, Inc., Vienna, VA and 3Formerly
with FMC Corporation, Princeton, NJ.
A dietary reproductive/developmental toxicity study with ammonium persulfate
(AP) was conducted in rats under OECD Guideline 421 for the OECD SIDS and
US EPA HPVC Programs. Groups of Sprague-Dawley rats (12/sex/group) received

diets containing AP (99.2% purity) at fixed doses of 0, 40, 100 or 250 mg/kg/day,
based on mean weekly body weight and food consumption data for each sex.
Animals were exposed 3 wks prior to mating, during 4 days of mating, followed by
5 wks post-mating for males and through gestation to lactation day 4 for females.
There was a trend showing a slight decrease in mean body weight change (not statistically significant) in males at 100 and 250 mg/kg and in females at 250 mg/kg
during gestation. Mean food consumption was not affected by treatment, except for
a decrease for day 0-4 in males at 250 mg/kg/day. There were no treatment-related
effects in adults on mortality, clinical signs, pregnancy rates, male/female fertility
indices, necropsy findings or sperm staging. Pup body weights were reduced on
LD0 (statistically significant) and LD 4 (not significant) at 250 mg/kg/day. There
were no pup necropsy findings or effects on pup viability. The NOAEL for male/female toxicity, fertility and reproductive toxicity was >250 mg/kg/day AP. AP is not
considered a developmental or reproductive toxicant.
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OUTCOMES OF A PATHOLOGY PEER REVIEW AND
PATHOLOGY WORKING GROUP REVIEW OF TUNICA
VAGINALIS MESOTHELIOMAS IN FISCHER 344 RATS
IN A TWO-YEAR DRINKING WATER CHRONIC
TOXICITY-ONCOGENICITY STUDY OF ACRYLAMIDE

H. Wall1, K. A. Johnson2, D. M. Creasy3, C. Gopinath4, R. A. Miller1 and E. E.
McConnell5. 1Experimental Pathology Laboratories, Inc., Research Triangle Park,
NC, 2Dow Chemical Company, Midland, MI, 3Huntingdon Life Sciences Inc., East
Millstone, NJ, 4none, Cambridgeshire, United Kingdom and 5Toxicology Path, Inc.,
Raleigh, NC.
A Pathology Peer Review and a Pathology Working Group (PWG) Review reviewed findings involving the mesothelial lining cells of the tunica vaginalis of the
testes and epidydimides of male Fischer 344 (F344) rats that were reported by the
Study Pathologist and examined the spectrum of proliferative or reactive changes
involving mesothelial lining cells that were reported by the Study Pathologist or
Reviewing Pathologist for the testes or epididymides. The PWG Panel also evaluated and discussed published acrylamide toxicity assessments and research data,
and assessed mechanisms for the induction of mesothelial cell tumors and the relevance of tunica vaginalis mesotheliomas (TVMs) in the F344 rat testes to human
health risk assessment. None of the few differences in diagnoses changed the original interpretation of the chronic toxicity or carcinogenicity potential of acrylamide
in F344 rats. The PWG concluded that: (1) The F344 rat is not a good model for
testicular effects (2)The TVMs were rat specific and more likely F344 specific and
not relevant to other species including man (3) A genotoxic mechanism is not
likely involved as: the liver was not a target and no non-scrotal areas of the
mesothelium were involved; the tumors have a late onset; the tumors are present in
only one sex (males); and there was no evidence of early onset (noted only after 92
weeks). (4) Hormonal profile, particularly as relates to prolactin, of the Fischer 344
rat is not relevant to man. (5) Hormonal imbalance is the most likely mechanism of
tumor formation. Since the hormone profile is not relevant to man, this mechanism is not relevant to man. (6) Testicular neoplasms are extremely rare in man and
more common in the rat. (7) Tumor morphology was not unique but the same as
control tumors.

2332

DERMAL EXPOSURE TO TITANIUM DIOXIDE
NANOPARTICLES AND NANOFIBERS IN RABBITS

G. Larsen2, D. Gray1, B. Astroff1, D. Vu2 and M. Skotak3. 1Midwest Research
Institute, Kansas City, MO, 2LNKChemsolutions, Lincoln, NE and 3University of
Nebraska, Lincoln, NE.
Electrohydrodynamic (EHD) methods are used to produce titania nanofiber and
nanoparticle samples with narrow particle size distributions in the 80-200 nm
range for dermal toxicity tests on rabbit skin. The nanomaterials manufacturing
technique allows for very good control of diameter in each case, which is key to determining the effect of particle size on skin irritation and toxicity. Titania submicron particles are widely used in industry as paint pigments and more recently, as
the active component in sunscreen formulations. While the surface of titania
nanoparticles in sunscreen products is inactivated with an organic coating to prevent oxygen free radical attack of human skin, which in turn is believed to facilitate
formation of skin cancer cells, there is the real risk of worker exposure at the manufacturing site at different stages of the production process prior to the surface inactivation step. It is clear that the toxicity of nanomaterials is more likely to affect us
in the short- and medium-term future as an occupational hazard first, in light of the
greater potential exposure levels expected at the point of production, and the handling of intermediate products. This paper discusses the differences in dermal irritation and toxicity between titanium oxide fibers with very high aspect ratios;
spheroidal particles of comparable diameter; amd the effect of particle size. Rabbits
are the animal model of choice, given the documented analogies between human
and rabbit skin in terms of toxicity response.
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PRINCIPLES FOR CHARACTERIZING THE POTENTIAL
HUMAN HEALTH EFFECTS FROM EXPOSURE TO
NANOMATERIALS: ELEMENTS OF A SCREENING
STRATEGY

J. Fitzpatrick1, G. Oberdorster2 and S. Olin1. 1Risk Science Institute, ILSI Research
Foundation, Washington, DC and 2Environmental Medicine, University of Rochester,
Rochester, NY.
ILSI RF/RSI convened an expert working group to develop a screening strategy for
hazard identification of engineered nanomaterials. The report presents the elements
of a strategy rather than a detailed testing protocol. A broad data gathering strategy
includes oral, dermal, inhalation, and injection routes of exposure. Physicochemical
Characteristics, In Vitro Assays, and In Vivo Assays are presented. There is a strong
likelihood that biological activity of nanoparticles will depend on physicochemical
parameters not routinely considered in toxicity screening studies. Physicochemical
properties that may be important in understanding the toxic effects of test materials include particle size and size distribution, agglomeration state, shape, crystal
structure, chemical composition, surface area, surface chemistry, surface charge,
and porosity. In vitro techniques for portal-of-entry toxicity for lungs, skin, and the
mucosal membranes, and target organ toxicity for endothelium, blood, spleen,
liver, nervous system, heart, and kidney allow biological and mechanistic pathways
to be isolated and tested under controlled conditions that are not feasible in in vivo
tests. Tier 1 in vivo assays are proposed for pulmonary, oral, skin and injection exposures, and Tier 2 evaluations for pulmonary exposures are also proposed. Tier 1
evaluations include markers of inflammation, oxidant stress, and cell proliferation
in portal-of-entry and remote organs. Tier 2 evaluations for pulmonary exposures
include deposition, translocation, and toxicokinetics and biopersistence studies; effects of multiple exposures; potential effects on the reproductive tract, placenta, and
fetus; alternative animal models; and mechanistic studies. Progress on implementation of the screening strategy will be reviewed. This work is supported by EPA
Cooperative Agreement X-82916701 and the ILSI/RF Risk Science Institute.
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TOXICITY EVALUATION OF NANOPARTICLES IN MICE

A. You1, J. Kim2, J. Kim1, K. Park1, M. Jeong1, J. Choi1, G. Ryu1 and M.
Cho2. 1Department of Crop Life Safety, NIAST, RDA, Suwon, South Korea and
2
Department of Veterinary Medicine, Seoul National University, Seoul, South Korea.
A development of the nanotechnology is able to decrease the size of materials in science. Reduction of scale of materials from micro to nano provides not only the benefits on diverse areas of science but also potential risk to human and environment.
To successful use of the nanomaterials in bioscience, it is essential to understand the
biological fate and potential toxicity of nanoparticles. The aim of this study is to
evaluate the biological distribution as well as potential toxicity of magnetic
nanoparticles for the application into life sciences such as drug, protein, and gene
delivery. We recently synthesized a biocompatible silica overcoated magnetic
nanoparticle containing rhodamine B isothiocyanate (RITC) within a silica shell of
controllable thickness [MNPs@SiO2(RITC)]. In this study, MNPs@SiO2(RITC)
with 50 nm thickness were used as a model nanomaterial. The nanoparticles were
detected in the brain indicating such nanosized materials could penetrate the
blood-brain-barrier (BBB) without disturbing the BBB function, while not producing apparent toxicity. After 4 week observation, MNPs@SiO2(RITC) remained in
various organs without causing apparent toxicity. Taken together, our results
demonstrated that magnetic nanoparticles of 50 nm size did not cause clear toxicity
under current condition.

2335

SAFETY ASSESSMENT OF 7-HYDROXYMATAIRESINOL
(HMR) LIGNAN

A. Roberts1, B. S. Lynch1, A. P. Wolterbeek2, H. Korte3, M. Unkila3 and D. H.
Waalkens-Berendsen2. 1CANTOX Health Sciences Intl., Mississauga, ON, Canada,
2
TNO Nutrition and Food Research, Zeist, Netherlands and 3Hormos Nutraceutical
Oy LTD., Turku, Finland.
7-Hydroxymatairesinol (HMR), a dibenzylbutyrolactone plant lignan containing a
2,3-dibenzylbutane skeleton, is chemically related to matairesinol, a lignan present
at high concentrations in flaxseed. Studies have suggested an association between a
high intake of lignans and a decreased risk for hormone-dependent diseases, such as
breast cancer and coronary heart disease. Studies were conducted to support the
safety of HMR as a daily dietary supplement including acute and subchronic toxicology studies, genotoxicity assays and a developmental toxicity study. The acute
oral LD50 of HMR was determined to be >2,000 mg/kg bodyweight. In subchronic dietary studies conducted in the rat (up to 90-days), a NOEL of 160
mg/kg/day was determined. HMR was not genotoxic in the Ames assay or the in
vivo rat bone marrow micronucleus assay. Results for the in vitro chromosome
aberration assay indicate that HMR was not genotoxic at non-cytotoxic concentrations. No reproductive or developmental adverse effects were observed following
administration of HMR in the diet to rats. The NOEL was determined to be 460
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mg/kg/day for maternal effects and 1,190 mg/kg/day, the highest dose tested, for
developmental effects. The results of the studies support dietary supplementation
of 150 mg HMR/day. Following submission to the FDA for evaluation as a New
Dietary Ingredient (NDI) the Agency supported the conclusion that HMR is safe
for use as a dietary supplement.

2336

MAMMALIAN TOXICOLOGY STUDIES OF
SURFACTANTS PRESENT IN ROUNDUP® BRANDED
HERBICIDES
W. F. Heydens, D. R. Farmer and T. A. Kaempfe. Monsanto Company, St.
Louis, MO.
The primary components of herbicide formulations are the active ingredient(s),
water and a surfactant. Glyphosate is the active ingredient in Roundup® branded
herbicides that are used extensively for residential, industrial and agricultural weed
control. Glyphosate is a non-selective herbicide that inhibits essential aromatic
amino acid synthesis by effectively inhibiting the activity of an enzyme that is
found only in plants and microorganisms but is not present in humans or other
mammals. In addition to the extensive database on glyphosate, we have developed a
core toxicology data set on five surfactants used in Roundup branded products.
Four of these surfactants are ethoxylated alky amine compounds, which are similar
to those used in various consumer and industrial products, and the fifth is a linear
alkyl sulfate. The results of these studies demonstrated that the surfactants were no
more than slightly toxic after acute oral ingestion (rat oral LD50s of 1100 to >5000
mg/kg) but did produce significant eye and skin irritation. No genotoxicity was observed, and the only significant finding in developmental toxicity studies was fetal
growth retardation at maternally toxic doses. The only effects noted in subchronic
rodent and dog toxicity studies appear related to gastrointestinal irritation and decreased palatability of the diet/surfactant mixture; there was no indication of specific target organ toxicity in any of these studies. Since surfactants are designed to
be surface-active materials, they can interact with and damage the structural integrity of cellular membranes. Thus, the effects observed in these studies (i.e., eye,
skin and gastrointestinal irritation) are attributed to these non-specific physicochemical properties rather than a specific toxicological mode of action. These same
effects would be expected from many other surfactants used in common household
products. The results of these studies support the conclusion that the use of these
surfactants in Roundup branded herbicides is unlikely to produce significant adverse effects to animals or humans under normal conditions of exposure.

2337

TOXICOGENOMIC STUDY OF TRIAZOLE
FUNGICIDES AND PERFLUOROALKYL ACIDS
W. Hu1, D. Dix2, C. Lau2, R. Kavlock2, E. Ayanoglu1 and R. J. Brennan1.
1
Toxicology, Iconix Pharmaceuticals Inc., Mountain View, CA and 2Office of Research
and Development, USEPA, Research Triangle Park, NC.
Toxicogenomic analysis of five environmental contaminants was performed to investigate the ability of genomics to categorize chemicals and elucidate mechanisms
of toxicity. Three triazole antifungals (myclobutanil, propiconazole and triadimefon) and two perfluorinated compounds (perfluorooctanoic acid (PFOA) and perfluorooctane sulfonate (PFOS)) were administered daily via oral gavage for 1, 3,
and 5 consecutive days to male Sprague-Dawley rats at doses of 300, 300, 175, 20,
and 10 mg/kg, respectively. Clinical observations, clinical chemistry, hematology
and liver histopathology were measured at all time points. Expression profiling of
livers from 3 rats per treatment group at all time points was performed on
CodeLink RU1 microarrays. Data were analyzed in context with DrugMatrix®, a
large toxicogenomic database with expression data on over 630 compounds. All
compounds resulted in similar liver histopathology, but gene expression analysis
segregated the compounds into two distinct classes. Myclobutanil, propiconazole
and triadimefon were similar to other azole antifungals in the database, with PXR
associated up-regulation of xenobiotic metabolism genes and the induction of oxidative stress and cell cycle genes. In contrast, PFOA and PFOS exhibited PPARα
agonist effects, with down-regulation of cholesterol biosynthesis genes matched by
decreased serum cholesterol levels in vivo. PFOA and PFOS gene expression patterns also suggested estrogenicity, possibly through up-regulation of aromatase.
Thyroid hormone depletion by PFOA and PFOS in vivo was consistent with perturbation of thyroid hormone metabolism genes. The concordance of in vivo observations and gene expression findings shows the potential for gene expression analysis to accurately categorize chemicals and identify modes of toxic action. This
abstract of a proposed presentation does not necessarily reflect EPA policy.
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TOXICOLOGICAL EVALUATION OF SPEARMINT OIL
ADDED TO TOBACCO: IN VITRO AND IN VIVO TESTS
M. Misra1, R. D. Leverette1, J. T. Hamm1 and N. Rajendran2. 1Lorillard Tobacco
Company, Greensboro, NC and 2IIT Research Institute, Chicago, IL.
A commercial flavor comprising mainly spearmint oil (~70%) in an inert vehicle
was incorporated in experimental American blend cigarette and compared to a control cigarette of matched construction, composition, and without added flavoring
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to assess the potential of spearmint oil to affect the toxicity of cigarette mainstream
smoke. The commercial flavor was incorporated into cigarettes at three target levels;
400, 800, and 2400 ppm. The FTC ‘tar’, nicotine and CO yields of all experimental and control cigarette were similar. Wet total particulate matter (WTPM) was
tested in the Ames preincubation assay using a battery of Salmonella tester strains
(TA98, TA100, TA1537) under S9+ conditions. A lower, but not significantly different, WTPM specific activity (revertants per mg) was apparent for all levels of
spearmint oil addition in all bacterial strains at all three spearmint levels. The mammalian (CHO) cellular cytotoxicity (Neutral Red Uptake) of both the particulate
and gas/vapor phases of the mainstream smoke of cigarettes with all three levels of
flavoring was significantly less than that of equivalent preparations from the unflavored control cigarette. A 13-week subchronic nose-only smoke inhalation bioassay
in rats with 6-week of recovery period revealed that the addition of the flavoring at
any level tested resulted in no substantive or biologically significant differences in
the incidence, severity or reversibility of a variety of measured clinical chemistry,
hematologic, histopathologic and physiologic indices of cigarette smoke toxicity.
The overall assessment suggests that the addition of a commercial flavor comprising
mainly spearmint oil in an inert vehicle reduced the cytotoxicity of both the
gas/vapor and particulate phases of smoke and the mutagenicity of smoke particulate matter in vitro, but did not meaningfully affect the biological activity of mainstream smoke in a subchronic rat nose-only inhalation bioassay.
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ACUTE HEMODYNAMIC AND HEMOLYTIC EFFECTS
OF INTRAVENOUSLY ADMINISTERED ETHYLENE
GLYCOL IN THE PIG

R. Brown1, D. Wray-Cahen1, A. Lucas1, A. Steen1, H. Baskar2, J. Dux3 and M.
Stratmeyer1. 1FDA/CDRH, Silver Spring, MD, 2University of Maryland, College
Park, MD and 3Marquette University, Milwaukee, WI. Sponsor: P. Goering.
Patients undergoing medical procedures with ethylene oxide (EO)-sterilized medical devices can be exposed to ethylene glycol (EG), a hydrolytic breakdown product of EO. A preliminary study was conducted to examine the acute hemodynamic
and hemolytic effects of intravenously administered EG in anesthetized pigs to better define the dose-response relationship for acute parenteral effects. Anesthetized
(isoflurane) male pigs were instrumented with blood flow probes around the renal
and carotid arteries. Mean arterial pressure (MAP) was measured invasively with an
indwelling catheter. Venous blood was drawn 5 minutes prior to injection of EG
and at 5 minute intervals following injection for measurement of plasma EG levels
and plasma free hemoglobin. Arterial blood gases were determined using an iStat
analyzer. Following extraction with acetonitrile, plasma samples were analyzed for
EG using GC with an FID detector. IV administration of EG over 2 minutes at a
dose of 125 mg/kg and at concentrations ≥ 5% produced hemodynamic changes
(decrease in mean arterial pressure, carotid and renal blood flow) relative to baseline
immediately after infusion. Gross hemolysis was seen in plasma 5 minutes after intravenous administration of the compound. The plasma concentration of EG at
the lowest dose/concentration of EG that produced hemolysis and hemodynamic
changes ranged from 651-2325 ug/ml (n=6). No change in arterial blood pH was
seen after IV infusion EG, suggesting that the acute effects immediately after infusion are due to the parent compound, not EG metabolites. In terms of regulatory
significance, the hemodynamic and hemolytic adverse effects were seen in pigs following IV infusion of EG at a dose equivalent to the proposed oral Tolerable Intake
(TI) value for EG (125 mg/kg) for this compound. Therefore, the proposed oral TI
is not adequate to protect against potential adverse effects in patients following IV
exposure to this compound.
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HUMAN CHEMOSENSORY AND PHYSIOLOGICAL
RESPONSES OF CHLOROPICRIN VAPOR

W. S. Cain1, A. A. Jalowayski1, R. Schmidt1, J. Jeon1, T. C. Bruff1 and J. H.
Butala2. 1Chemosensory Perception Laboratory, Otolaryngology, UC San Diego, La
Jolla, CA and 2Toxicology Consultants, Inc., Gibsonia, PA.
This investigation sought to establish three endpoints regarding human exposures
to the soil fumigant chloropicrin: 1) chemosensory detectability in brief encounters
with the vapor, 2) detectability over minutes of exposure in a chamber, and 3) signs
of immediate and any continuing physiological effects in 1-hr exposures over consecutive days. In the first study, males and females (n=64) could detect odor at 700
ppb (50% correct detection), could feel the vapor in the eye at 900 ppb, but could
not reliably perceive nasal pungency below 1200 ppb. In the second study, subjects
(n=62) could feel the vapor in the eye at 75 ppb and higher after minutes of exposure. Latency varied inversely with concentration, so what took 15 min to feel at 75
ppb took 10 min at 100 ppb and 5 min at 150 ppb. In the third study, subjects
(n=32) expressed concentration-dependent, but mild, ocular symptoms in 1-hr exposures at 100 and 150 ppb. No clinical signs accompanied the symptoms.
Throughout the investigation, differences among the subjects followed the same
trend, namely, insensitivity in a notable fraction, rather than hypersensitivity.

Physiological testing captured reliable exposure-dependent increases of a few percent in level of nasal nitric oxide and nasal resistance, evidence of some nasal activity even in the absence of symptoms. No such changes occurred in the lower airways. No signs of inflammation were observed in cytological samples from the nasal
and ocular epithelia taken before any and after all four exposures. The physiological
dataset showed that, at occupationally relevant levels of exposure, irritation can
occur with seemingly minimal and temporary somatic consequences.
Supported by the Chloropicrin Manufacturers’ Task Force.
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EVALUATION OF POTENTIAL LITHIUM TOXICITY
ASSOCIATED WITH A MONITORING DEVICE USED IN
ELEPHANTS

T. A. Lewandowski1 and B. D. Beck2. 1Gradient Corporation, Seattle, WA and
2
Gradient Corporation, Cambridge, MA.
Biomedical research increasingly involves the use of miniaturized monitoring devices to collect data from within living organisms. These devices have electronic
components which may pose toxicological risks for the research subjects. We recently evaluated the potential toxicity associated with the use of a device to measure
deep body temperature in elephants (Loxodonta africana). The monitoring device
uses a lithium “button battery” power cell as a power source and rupture of the cell
in the elephant’s GI tract could result in an acute lithium dose. Lithium is a neurologically active metal and symptoms of lithium overdose may include tremor, mental confusion, seizures, and cardiac arrhythmias. At sufficient doses, lithium may
also adversely affect kidney function. To determine if the lithium in the power cell
posed a health risk in the event of a rupture, we first used a scaling approach to convert a human recommended daily allowance for lithium (1 mg/day) into an equivalent value for an elephant. However, because this method does not address potential species-specific sensitivities, we also evaluated normal lithium intake in the
elephant diet and compared this to the amount of lithium in the cell. Finally, we
also addressed the potential for localized toxicity due to reaction of lithium with
stomach acid. Using this approach, we concluded that: (1) the potential lithium exposure from the power cell (in mg/kg-day) was slightly less than the human-based
equivalent RDA, (2) the exposure was also likely less than the elephant’s estimated
daily intake of lithium from food, and (3) reaction of the lithium with stomach acid
would likely not result in significant local toxicity or harm to the animal. Based on
our analysis, zoologists decided to proceed with the study. This work represents an
unusual example of dose extrapolation from human-to-animal rather than the more
typical animal-to-human. The findings also have relevance for human exposures because ingestion of “button batteries” of various types by children is reported cause
of emergency room visits.
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MECHANISM OF N-ACETYL PERFLUOROOCTANE
SULFONAMIDE INDUCED MITOCHONDRIAL
DYSFUNCTION

T. M. O’Brien1, R. M. Carlson1, P. J. Oliveira2 and K. B. Wallace1. 1BCMB,
University of Minnesota, Duluth, MN and 2Zoology, Un. of Coimbra, Coimbra,
Portugal.
N-alkyl perfluorooctane sulfonamides have been widely used as surfactants on fabrics and papers, fire retardants, and anti-corrosion agents, among many other commercial applications. The broad use, global distribution, and environmental persistence of these compounds has generated considerable interest regarding metabolic
and potentially toxic effects. We have previously reported that
Perfluorooctanesuflonamidoacetate (FOSAA) and N-ethylperfluorooctanesulfonamidoacetate (N-EtFOSAA) induce the mitochondrial permeability transition
(MPT) in vitro resulting in cytochrome c release and generation of reactive oxygen
species. The purpose of this study was to test the hypothesis that FOSAA and NEtFOSAA induce the MPT through a protonophoric depolarization the mitochondrial trans-membrane potential (∆Ψ). In order to identify the carboxylic acid moiety of the acetates as responsible for the protonophoric activity, we synthesized
methyl esters with diazomethane and tested for MPT activity. FOSAA, NEtFOSAA, or the corresponding methyl esters were added individually to freshly
isolated liver mitochondria from Sprague-Dawley rats. Mitochondrial swelling was
recorded spectrophotometrically and ∆Ψ was measured using a tetraphenylphosphonium-selective (TPP+) electrode. In the presence of calcium, 40 µM FOSAA
and 7 µM N-EtFOSAA each induced mitochondrial swelling and a biphasic depolarization of membrane potential: an initial rapid depression of ∆Ψ followed by a
second more gradual dissipation, which was inhibited by cyclosporin-A. Nigericin,
a catalyst of K+/H+ exchange inhibited mitochondrial swelling and the depression
of ∆Ψ in the presence of the test compounds. The methyl esters of the acetates did
not induce membrane depolarization or swelling. Results of this investigation
demonstrate two important findings 1) the carboxylic acid moiety of the acetates is
the active functional group which triggers the MPT and 2) MPT induction is a result of a protonophoric depolarization of the inner mitochondrial membrane.
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IN VITRO HEMOCOMPATIBILITY OF VARIOUS COSOLVENTS WITH HUMAN AND NON-HUMAN
SPECIES

A. John-Baptiste, Q. Zong, W. Evering, F. sace, M. Malamant and B. GualdoniHolmes. WWSS - Toxicology, Pfizer Inc., San Diego, CA. Sponsor: M. Zorbas.
Excipients are commonly used in parenteral formulations to increase the solubility
and stability of drug candidates. Many drugs and their vehicles have the potential
to affect some blood components. Such potential blood reactivity can be assessed
in-vitro by spiking blood samples with the product of interest and measuring the
appropriate parameter in plasma. These types of studies are called hemocompatibility studies.
The Reed and Yalkowsky method differs from standard in vitro methods by analyzing the amount of hemoglobin in nonhemolyzed erythrocytes. In essence, this
method involves the dilution of test formulation with whole blood, which is precisely what happens in a bolus intravenous injection.
Serial dilutions were made of a known hemolytic (0.5%SDS) and two known nonhemolytic (10% Tween 80, 10% Cremophor EL) co-solvents to which various
amounts of freshly drawn blood was added. Heparinized human, dog, rat
(pooled), and rabbit (pooled) blood was analyzed by the aforementioned method
and the percent of hemolysis was calculated at 10% and 50% concentrations for
each co-solvent.
SDS at 50% dilution caused 99%, 96.8%, 75.1%, and 71% hemolysis of human,
rat, rabbit and dog erythrocytes, respectively, with the 10% SDS dilution resulting
in 14.3% (rat) or less with all other species. Tween 80 at 50% dilution caused
65.5% and 9.8% hemolysis of rat and dog erythrocytes, respectively. All other samples of 10 or 50% dilutions of Tween 80 and Cremophor El resulted in minimal
(<5%) or no hemolysis.
The data from our assay show Cremophor El and Tween 80 (biocompatible co-solvents for intravenous vehicles) does not cause hemolysis at clinically relevant concentration (10%) in human, dog and rabbit; however, hemolysis of rat erythrocytes
occurs at the exaggerated concentration of 50% Tween 80. The rat erythrocyte
demonstrates the greatest hemolytic susceptibility compared to other species tested,
which is consistent with the greater fragility of rat erythrocytes.
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FLUOROACETATE: SEARCH FOR EFFECTIVE THERAPY

N. Goncharov, A. Kuznetsov, L. Glashkina and A. Radilov. RIHOPHE, SaintPetersburg, Russian Federation. Sponsor: M. Dorato.
Fluoroacetate (FA)and other monofluorides are highly toxic compounds. Their action characteristically involves a latent period. The sodium salt of FA is known as
“compound 1080”. The FA contents of Australian plants attain 5 g/kg dry weight.
It was also found that a whole series of compounds metabolize to FA as intermediate products: these are the anticancer drugs 5-fluorouracil and fluoroethyl nitrosourea, some fluorinated derivatives of the narcotic analgesics normeperidin and
normetazocin, the pesticides fluoroacetamide and 1,3-difluoro-2-propanol, and the
industrial chemicals fluoroethanol and 1-(di)halo-2-fluoroethanes. Chemical characteristics and clinical signs of FA intoxication warrant re-evaluation of the toxic
danger of FA and renewed efforts in search for effective therapeutic means. In spite
of the fact that great progress has been made in understanding the mechanistic action of FA, therapeutic success in FA and similar poisonings is more dependent
upon symptomatic and supportive care rather than the use of antidotal therapy. An
attempt for integral studies, which included physiological, biochemical and cellular
research, was undertaken by our scientific team. In particular, we have found that
glutamate and glutamine were sharply decreased in blood and organs. In the case of
inhibited aconitase, glutamate could be the main energetic supplement. We assumed new ways to solve the problem of effective therapy for fluoroacetate poisoning. This could be reduced to solving 2 tasks: 1) competitive inhibition of aconitase
with very small molecules such as superoxide or nitric oxide; 2) changing the metabolic pathways to enter glutamate the Krebs cycle distally to aconitase. A series of
effective combinations having coefficient of efficiency at the level of 2.5 and higher,
was named METIS being now the matter of patenting.
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THE SAFETY OF GREEN TEA EXTRACTS ASSOCIATED
WITH WEIGHT LOSS PRODUCTS

H. Leslie, K. Musa-Veloso, V. Marshall and L. A. Haighton. CANTOX Health
Sciences Intl., Mississauga, ON, Canada.
Obesity is a growing epidemic leading to complications including diabetes, hypertension, and excessive joint strain. Many individuals are consuming dietary supplements containing ingredients purported to aid in weight loss, including green tea. A
safety assessment of green tea, in reference to amounts consumed through the recommended intake of these products, was conducted. Neither green tea nor tea catechins displayed mutagenicity. Tea extracts demonstrated little acute toxicity, with
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oral LD50 values ranging from 3,090 to 5,000 mg/kg, and >10,000 mg/kg for catechins alone. Adverse effects reported with green tea consumption are generally related to GI distress attributable to the green tea extract itself or to the caffeine content of the extracts. Exposure of volunteers to single green tea catechin doses of 400
and 800 mg was generally well tolerated, while mild and transient nausea was observed in individuals exposed to 1,200 mg of green tea catechins. Repeated-dose
clinical trials demonstrated no serious side effects associated with 100 mg encapsulated decaffeinated green tea/day, and in one trial the only side effect reported when
the dose was increased to 600 mg/day was diarrhea. Exposure to 500 mg green tea
extract/day for 2 months was generally well tolerated, with only 2 patients reporting moderate or severe grade side effects. The primary catechin identified in green
tea extracts is epigallocatechin gallate (EGCG), which generally comprises about
50% of a green tea extract. It should be noted that EGCG may be involved in the
inactivation of enzyme dihydrofolate reductase, which is involved in folate uptake,
suggesting that it may adversely effect folate status. The recommended intake of
green tea from supplements generally ranges between 125 and 500 mg/day or 62.5
to 250 mg ECGC/day. This level of intake is generally supported as safe; however
several products were identified in which higher levels are recommended. Overall,
the safety of green tea extracts as ingredients employed in weight management
products is supported.

2346

COMPARISON OF MARGINS OF SAFETY FOR
FLAVORING SUBSTANCES USING TWO DIFFERENT
METHODS FOR ESTIMATION OF DAILY INTAKE

I. C. Munro, B. Danielewska-Nikiel and W. Agmata. CANTOX Health Sciences
Intl., Mississauga, ON, Canada.
A study was conducted to determine the margins of safety (MOS) between NoObserved-Effect Levels (NOELs) from animal toxicology studies and estimates of
daily intake for 809 flavoring substances, using two methods for the calculation of
daily intake; the maximized survey-derived daily intake (MSDI) and the possible
average daily intake (PADI). MSDI estimates were based on the production volume
of flavoring agents as reported by industry, whereas the higher more conservative
PADI estimates were based on anticipated average use levels of the flavoring substances in 33 food categories and average food consumption estimates for the categories. The overall objective was to determine whether adequate margins of safety
would still exist in the event that the MSDIs used by JECFA to evaluate the safety
of flavoring substances underestimated daily intakes. MOS values based on PADI
provide a worst case estimate as it is assumed that the flavoring agent is used at the
average use level in all foods within a category of foods in which the flavor was anticipated to be used by industry at the time it was evaluated for Generally
Recognized as Safe (GRAS) status. Results were reported in terms of the percentage
of substances with a MOS of at least 100-fold. Based on the calculation of the margins of safety using the MSDI values, 99.9% of the 809 flavoring substances evaluated by JECFA have margins of safety of greater than 100. In comparison, 98% of
flavoring substances have margins of safety of greater than 100 when the margins of
safety were calculated from PADI values. The results indicate that even if the daily
intake estimates used by JECFA for the evaluation of the safety of flavoring substances were underestimated, a wide margin of safety exists for all but a few of the
flavoring substances even when intakes were estimated from PADI values.

2347

EVALUATION OF CHEMICAL INTERACTIONS AND
DOSE RESPONSE-RELATIONSHIP IN EYE MAKEUP

E. A. Choudhury1, X. Yan1, S. Nitka2 and S. Arshad3. 1Limited Brands, Paramus,
NJ, 2Consumer Product Testing Co., Fairfield, NJ and 3Rutgers University,
Piscataway, NJ.
There are two major factors that the formulator must consider for eye makeup
products. One is the microbiological properties of the final formula. And the second is the irritation potential to the ocular tissues. Due to consumer demand, to
maximize the consumer feel of the product the formulator has added to the formula
one skin-conditioning agent, ethyl macadamiate (EM), which is the ester of ethyl
alcohol and the fatty acids derived from Macadamia Ternifolia Seed Oil. The Hen’s
Egg Test-Utilizing the Chorioallantoic Membrane (HET-CAM) method is used to
screen the ocular irritation potential of the series of formulae. Eggs are incubated
for 10 days at 99° F (± 1°). The test articles at a dosage 0.3 g was administered to
each of four CAM’s. All CAM’s were observed prior to test article administration
and at 30 seconds, two and five minutes after exposure to the test article. A good
dose-response relationship has been observed as the concentration of EM increases
in the formula. We expect a chemical interaction between EM and some other ingredients from base formula, ie colorants. It is our hypothesis that the ester bond of
EM is attacked by other chemical moieties in the formula so the bond is broken
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and the ethyl alcohol is released therefore increasing the ocular irritation. Results relate to ophthalmological and human dermal evaluation. As the concentration of
EM increases there are some positive reactions in the dermal evaluation and ophthalmological safety-in-use test. It is our hypothesis that because of the genetic
polymorphism of the population, certain groups of people have genetic variants alleles in the CYP P450 gene that have induced levels of the protein enzyme in their
eye or skin tissue. One of our future directions is to scan the target population for
their genetic polymorphisms and use the subpopulation for in vivo study to verify
our hypothesis. This information will greatly help our formulators to work on their
formulations for their respective target population.

2348

MICROPIGMENTATION PRODUCTS; REDUCING THE
RISK OF ADVERSE REACTIONS

V. R. Pinney1 and Z. Hejzlar2. 1Toxicology, Engineering Systems, Inc., Ft. Myers, FL
and 2Environmental, Engineering Systems, Inc., Ft. Myers, FL.
Micropigmentation is a used in permanent cosmetics and is widely used by the
medical profession to enhance the appearance of scarred areas, areas with pigment
loss, or to provide pigmentation in skin to produce a more natural appearance.
Adverse effects on the immune system can result from exposure to chemical or biologic materials contained in some micropigmentation products. Immunotoxicity
of the immune-mediated hypersensitivity (allergy and autoimmunity) type result
from exposure to cosmetic micropigmentation products. In hypersensitivity (i.e.,
allergy) reactions, the immune system responds to small molecular weight compounds that bind to host tissue, recognizing the complex as foreign antigens. This
immune response to the chemical-host tissue complex may lead to disease, the most
likely health consequences represented by or allergic contact (skin) dermatitis.
Autoimmunity, another form of immune-mediated disease, is characterized by an
immune response against constituents of the body’s own tissues (autoantigens) with
the production of granulomas. The majority of micropigmentation products are
composed of iron oxide pigments and an alcohol and do not elicit an allergenic or
autoimmune response. In recent years the FDA has recalled specific micropigmentation products due to reported adverse reactions resulting from the presence of
benzimidazole. These intradermal applied products were not subject to FDA approval and the labeling did not include either the composition of the contents or
warnings. It is the opinion of the authors that there can be a serious risk to persons
intradermally injected with micropigmentation products. The level of risk currently
experienced, in addition to known toxic sensitivities, would appear to suggest further research, possible regulation and/or expanded information provided to those
involved in these procedures as to health risk and adverse effects.

2349

TOWARD NON-INVASIVE REAL-TIME IN SITU
SPECTROSCOPIC MONITORING OF MACROPHAGENANOPARTICLE INTERACTIONS

T. Weber1, S. K. Sundaram2, B. R. Johnson2, M. R. Riley3, R. C. Lantz4, J.
Yoon3 and K. I. Ogden5. 1Cell Biology and Biochemistry Group, Battelle, Richland,
WA, 2Glass Science and Processing, Battelle, Richland, WA, 3Department of
Agricultural and Biosystems Engineering, University of Arizona, Tucson, AZ, 4Cell
Biology and Anatomy, University of Arizona, Tucson, AZ and 5Chemical and
Environmental Engineering, University of Arizona, Tucson, AZ.
Nanomaterials and airborne particulate matter (PM) are increasingly associated
with an increased risk of cardiovascular and respiratory health problems. However,
the mechanisms by which nanoparticles modulate human health are poorly understood. Our goal is to develop a new and flexible testing capability with complementary infrared (IR) [e.g., attenuated total reflectance (ATR) spectroscopy] and
fluorescence spectroscopic techniques that will be useful for real-time, in situ, high
throughput screening of cellular responses to nanoparticles. Progress toward this
goal, functionalization chemistries to enable the use of fiber optic cables to detect
IR-observable changes and engineering of live cell chambers for the FT-IR instrument, will be presented. In our initial measurements, we focused on the application
of ATR to live cell imaging to demonstrate the feasibility of this approach. ATR
measurements require an IR transparent substrate and cells were maintained on a
ZnSe crystal for this purpose. Lipopolysaccharide treatment of mouse RAW 264.7
macrophage-like cells maintained on the ZnSe crystal was associated with the induction of inducible nitric oxide synthase, cyclooxygenase-2, and apoptosis, indicating that the ZnSe substrate does not inhibit the expected biological response. A
number of IR-observable spectral features were associated with lipopolysaccharide
treatment and future studies will be conducted to determine the molecular nature
of these changes. Because IR-observable features do not require a contrast agent for
detection, we expect that this technology will provide a powerful approach to identify novel cellular and molecular responses to nanoparticles.

2350

COMPARATIVE ACHE AND BCHE METHODS: THE
WRAIR WHOLE BLOOD ASSAY, TEST-MATE OP SYSTEM,
MICHEL (∆PH) ASSAY, AND MICROELLMAN METHOD

J. R. Haigh1, R. Gordon1, L. Lefkowitz1, B. Doctor1, C. Clark2, A.
D’Ambrosio2, N. Kirschten2, B. Capacio2, A. Brooks2, S. Davis2 and D.
Goodman3. 1Division of Biochemistry, Department of Biochemical Pharmacology,
Walter Reed Army Institute of Research, Silver Spring, MD, 2Army Medical Research
Institute of Chemical Defense, Aberdeen Proving Ground, MD and 3Cholinesterase
Reference Laboratory Army Center for Health Promotion and Preventative Medicine,
Aberdeen Proving Ground, MD. Sponsor: M. Nambiar.
Current clinical tests to determine cholinesterases (ChE) in blood require several
processing steps and specific ChE inhibitors to determine either the serum butyrylcholinesterase (BChE) or erythrocyte AChE concentrations separately. In contrast,
the patented Walter Reed Army Institute of Research Whole Blood (WRAIR WB)
cholinesterase assay rapidly determines AChE and BChE activities in a small
amount of unprocessed whole blood, and is fully automated (using the Biomek
2000 robotic system). The WRAIR whole blood assay has been used to measure
AChE and BChE in human blood that has been inhibited by pyridostigmine bromide (after a 30 mg oral dose). The assay is also currently being used to evaluate
protection afforded by huperzine A, a potential anti-Alzheimer’s drug, to
organophosphate (OP) intoxication of both the peripheral and central nervous system, (pyridostigmine protects only the periphery). The objectives are (a) extend
studies of the WRAIR WB over a range of ChE values using three OP nerve agents
– GB (sarin), GD (soman), and VX; (b) development of a viable conversion database between WRAIR WB ChE values and the Test-Mate OP system, ∆pH
(Michel) assay, and microEllman method. For the 4 assays, the ChE values were determined for the 3 OPs over a wide range of AChE and BChE activity (10-100%
control RBC AChE and serum BChE), except for the Michel assay, where BChE is
not routinely determined. Regression analyses yielded equations with high correlation, demonstrating the feasibility of a ChE conversion database between the four
assays. Thus, the WRAIR assay provides a rapid, reliable, accurate technique to determine ChE inhibition in soldiers, agricultural workers (e.g., pesticide poisoning),
and first responders.

2351

DETECTION OF MODIFICATIONS OF PROTEIN
THIOLS IN COMPLEX TISSUE SAMPLES

L. K. Rogers1, B. L. Leinweber2 and C. V. Smith1. 1Pediatrics, Columbus Children’s
Research Institute, Columbus, OH and 2Pharmacology and Toxicology, University of
Arizona, Tuscon, AZ.
Oxidation/reduction reactions of protein thiol groups (PSH) have been implicated
in many physiological and pathological processes, but studies to date have been restricted by the limited specificities of methods available. Tissue samples were freezeclamped, exposed to N-ethylmaleimide (NEM), iodoacetic acid (IAA) or iodoacetamide (IAM), and residual PSH determined by derivatization with
monobromobimane (mBBr), electrophoresis, and quantitation by fluorescence.
Initial derivatization of PSH with NEM proved to be more effective (faster, lower
mol ratio of agent, and active at lower pHs) than either IAM or IAA. For reduction
of protein disulfides (PSSX) and other reversible thiol modifications, dithiothreitol
(DTT) and tris(2-carboxyethyl)phosphine (TCEP) were comparably effective. Best
results were obtained with freeze-clamped tissues ground to powders in liquid N2
and added to ice-cold NaPO4 buffer containing 125 mol of NEM per mol of PSH
for 15 min. Proteins were precipitated in 4 volumes of ice cold MEOH, centrifuged, washed 3 times with MeOH, treated with 50 mM DTT, and washed
again with MeOH. The protein pellet was dissolved in 9 M urea containing 2 mM
mBBr and incubated for 30 min at room temp in the dark. In-gel standard curves
were generated using mBBr-derivatized proteins that were quantitated by absorbance and fluorescent intensities measured following electrophoretic separation.
The in-gel quantitation was applied to liver homogenates obtained from Fischer344 rats treated with doses of 0 to 0.125 mmol/kg of diquat and drug-dependent
effects were observed in bands representing at least 4 different proteins. The techniques described were applied to 2D electrophoresis separations. Kidneys from glutathione reductase deficient and control mice exhibited differences in fluorescence
intensities of some individual spots, but the differences observed were relatively
subtle. We have described techniques that minimize oxidation, ex vivo, and shown
these techniques to be useful in studies of PSH and PSSX status in tissues.

2352

PROFICIENCY TESTING OF THE UDP-GT ASSAY FOR
THYROXINE IN THE MALE F344 RAT

B. D. Lusiak, J. D. Johnson, T. Deck, S. Graves and B. Burback. Chemistry
Technical Center, Battelle Memorial Institute, Columbus, OH.
Uridine-diphosphate-glucuronosyltransferase (UDP-GT) activity for thyroxine
(T4) is increased by exposure to some xenobiotics and therefore, this effect provides
further insight into changes in serum T4 and thyroid stimulating hormone (TSH)

concentrations. The present study evaluated an assay procedure for measuring
UDP-GT activity for T4 and presents assay proficiency data using commercially
available 3-methylcholanthrene (MC)-induced and control liver microsomes, as
well as liver microsomes from male Sprague-Dawley (SD) and Fischer 344 (F344)
rats treated with corn oil (control) or MC. The assay procedure followed was described by Hood and Klaassen (2000). Briefly, 125I-T4 was purified and incubated
with microsomes. The 125I-T4-glucuronide was separated using the Sephadex column and a series of elution steps (0.1 M HCl, water, ethanol/0.1 M NaOH).
Analysis of UDP-GT activity for T4 using commercially-obtained microsomes resulted in values of 6.27 ± 0.55 pmoles T4-glucuronide/mg protein/min (%CV =
8.8) for control microsomes and 24.9 ± 0.92 pmoles T4-glucuronide/mg protein/min (%CV = 3.7) for MC-induced microsomes. Male SD and F344 rats, 11
weeks of age, were given single daily injections of corn oil (vehicle control) or MC
(50 mg/kg, 2.5 mL/kg, IM) for four consecutive days, euthanized, and the livers removed for microsome preparation. The UDP-GT activity for T4 in the SD and
F344 rats was 3.9 ± 0.5 pmoles T4-glucuronide/mg protein/min (%CV = 12.8) and
4.9 ± 0.7 pmoles T4-glucuronide/mg protein/min (%CV = 15.3) for the control
group animals and 31.9 ± 3.1 pmoles T4-glucuronide/mg protein/min (%CV =
9.8) and 26.2 ± 4.2 pmoles T4-glucuronide/mg protein/min (%CV = 15.9) for the
MC-treated animals. These results demonstrated that proficiency in conducting the
assay was achieved and provided further information about UDP-GT activity for
T4 in the F344 male rat prior to using this species and strain in regulatory toxicology studies. (This work was supported by NIEHS Contract N1-ES-05456.)

2353

ONE-DIMENSIONAL NUCLEAR MAGNETIC
RESONANCE SPECTROSCOPY FOR THE DETECTION
OF INFLAMMATORY BIOMARKERS DUE TO
ENVIRONMENTAL AIR CONTAMINANTS

C. A. Hood1, 2, R. Balhorn2 and K. Pinkerton1. 1Center for Health and the
Environment, UC Davis, Davis, CA and 2Biological Research and Develoment,
Lawrence Livermore National Laboratory, Livermore, CA.
Metabonomics can serve as a highly sensitive measure to detect changes in physiologic and biochemical function due to exposure to a variety of environmental air
pollutants. A number of environmental factors may trigger changes in gene expression leading to alterations in phenotype expression. Therefore, measurement of systemic biochemical profiles and the regulators of cellular function may serve as a
method for identifying early indicators of disease. One-dimensional nuclear magnetic resonance spectroscopy (NMR) was used to examine blood samples taken
every three months from young Rhesus macaque monkeys exposed to environmental tobacco smoke (ETS). A filtration method was used to allow rapid visualization
of small metabolites (<30kD) normally hidden behind large protein signals. NMR
analysis of plasma samples displayed individual monkeys to have unique metabolite
fingerprints, which also demonstrated metabolite alterations over time. In addition,
we were able to observe distinct differences in the profile of metabolites between the
treatment groups. While the ultimate consequences of ETS exposure on children’s
health is unknown, the mapping of metabolites found in the blood following exposure to environmental pollutants could significantly advance our understanding of
the relative sensitivity of children and the potential mechanisms by which adverse
health effects occur, suggesting that the utilization of NMR techniques for metabonomics fingerprinting could be instrumental in predicting health outcomes.
This work was supported by the U.S. Department of Energy Lawrence Livermore
National Laboratory under Contract W-7405-ENG-48 and NIH E5011634.

2354

THE DEVELOPMENT OF PROTEOMICS-BASED
ACRYLAMIDE BIOMARKERS USING SURFACE
ENHANCED LASER DESORPTION IONIZATION
(SELDI)

K. L. Cheever. Molecular and Genetic Monitoring, NIOSH, Cincinnati, OH.
Acrylamide (CAS 79-06-1), a widely used industrial chemical, also formed in thermally processed food, is known to produce neurotoxicity, reproductive effects and
has been classified as a probable human carcinogen. Bioactivation of acrylamide is
reported to occur by CYP2E1 oxidation and GSH conjugation. Protein and DNA
adducts have been reported for both Acrylamide and glycidamide (5694-00-8), its
oxidative metabolite. In the current study the reaction products of acrylamide and
glycidamide with human alpha- and beta-globins or albumin, obtained through in
vitro incubation, were studied using Surface Enhanced Laser Desorption Ionization
(SELD) with Time of Flight mass spectrometry. The study showed that the reactivity of glycidamide with albumin, alpha-globin and beta-globin was much more
than measured after incubation with acrylamide. After 12 hours the glycidamideadduct levels for albumin < alpha-globin < beta-globin, but detectable adduct formation for acrylamide was measured only for albumin. The adduct levels continued to increase during the 72-hour test period. Tryptic digests of the proteins may
be utilized for specific proteomic-based biomarkers of exposure to acrylamide or
glycidamide.
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A RAPID APPROACH TO ESTIMATE HPRT MUTANT
FREQUENCIES AND TO CHARACTERIZE GENE
MUTATIONS IN TOBACCO SMOKERS

A. Guerin, J. K. Wickliffe, C. E. Hill, J. R. Carmical, J. B. Ward and S. Z.
Abdel-Rahman. University of Texas Medical Branch, Galveston, TX.
We developed a rapid approach for estimating gene mutations in human subjects
using the HPRT cloning assay and the fluorescent dye alamarBlue®. Irradiated
lymphocytes in 96-well plates (IR) read on a fluorescent plate reader were used as a
baseline for scoring cloning efficiency (CE) plates. Fluorescence values (FV) from
the IR plates provided an average for a negative CE well. Any FV that was 3 standard deviations above this average was considered a positive well. This approach
gave a 93% correlation with visual scores. FVs for 6-thioguanine (TG) mutant-selection plates showed considerable variation between individuals, so visual scoring
was still required to distinguish mutant clones. We used alamarBlue® to reduce visual scoring time by only scoring wells that had a FV 10% above the median FV.
We compared the mutant frequencies (MFs) of 30 tobacco smokers to 38 nonsmokers. In this population, the MF (+/-SE) was significantly higher for smokers
[1.80E-05(+/-0.29E-05)] than for non-smokers [1.07E-05(+/-0.10E-05)]
(p<0.05). We also streamlined a technique that allowed us to analyze the HPRT
gene mutation spectra. We expanded HPRT mutant clones for an additional 8
days, isolated the RNA, synthesized cDNA from the RNA, and performed 2
rounds of PCR. The PCR product was then sequenced to give the coding sequence
for the HPRT mRNA transcript. This technique is less time consuming because it
requires growing the clones for only 8 days, rather than the normal clonal expansion period of about 1 month. We generated data for 91 lymphocyte clones from
14 individuals. Our technological refinements allow for a rapid, objective screening
of HPRT lymphocyte clones and a substantially higher throughput of assay plates
per individual. This approach is broadly applicable to the standard HPRT cloning
assay and will simplify the use of this valuable biomarker in population studies.
(Supported by an External Research Grant from Philip Morris Inc., by NIEHS R01
ES06015, by T32 074454, and by M01 RR00073).

2356

SEPARATION OF TOXICOLOGICALLY RELEVANT
ARSENICALS IN URINE USING A NEW SOLID PHASE
EXTRACTION TECHNIQUE

B. M. Adair1, V. Devesa-Perez2, M. Styblo3, 2 and D. J. Thomas1.
1
ORD/NHEERL/ETD, USEPA, Research Triangle Park, NC, 2CEMALB, UNC,
Chapel Hill, NC and 3Department . of Pediatrics, UNC, Chapel Hill, NC.
Metabolism and toxicity of arsenicals are critically influenced by the oxidation state
of As. In human urine, inorganic and methylated arsenicals contain both As(III)
and As(V). Because As(III) is easily oxidized, a method is needed to preserve the native oxidation state of arsenicals in urine. One approach is to quickly separate arsenicals based on As oxidation state, thus rendering subsequent oxidation immaterial to analysis. To do this, we optimized a solid phase extraction (SPE) method
using thionalide-charged silica gel (Th-Si) that retains inorganic As (iAs), methyl As
(MAs), and dimethyl As (DMAs) metabolites containing As(III) but does not retain these arsenicals containing As(V). In the optimized method, urine buffered to
pH 8.5 (0.2 M phosphate) is applied to a Th-Si column and arsenicals containing
As(V) are collected in the effluent. Analyses of arsenicals in urine and column effluents were performed by pH selective hydride generation-atomic absorption spectrophotometry. Method efficiency was examined in four validation trials using triplicate spiked urine reference materials (SRM 2670A low and Seronorm
background) with 25 ppb, 100 ppb, or 1000 ppb total As (sum of iAs, MAs,
DMAs). Few detectable As(III)-containing species in effluents proved high binding
efficiency. Recoveries of As(V) species in effluents compared to spiked urine concentration were >93% except for 1000ppb DMA(V) at 87%; standard deviations
(SD) were <16% for each spike concentration and arsenical. Concentrations in
spiked effluent samples stored for one week were 7.4 + 7% (mean + SD, n=12)
lower than the original AsV species. Recoveries of iAsV, MMAV, and DMAV in
naturally incorporated urine samples were 97 + 28, 118 + 25, and 103 + 16 (Mean
+ SD, n= 3). The Th-Si method permits rapid and nearly quantitative separation of
urinary arsenicals on the basis of As oxidation state and should be adaptable to field
collections. (This abstract does not reflect US EPA policy.)

2357

IN VITRO MODEL OF HEMOLYSIS USING WHOLE
BLOOD-LIVER SLICE CO-CULTURES

W. Way and A. E. Vickers. Drug Safety Evaluation, Allergan Inc., Irvine, CA.
An in vitro model to investigate drug induced effects on hemolysis, and the contribution of metabolic pathways is established. Liver slices are co-cultured with whole
blood plus medium for up to 72 hr. The release of hemoglobin from red blood cells
(rbc), and levels of ATP and GSH in liver slices and rbc are quantitated over the
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culture time. Blood is collected from female Sprague-Dawley rats (∼250 g) via the
abdominal aorta into a K3EDTA anti-coagulant vacutainer, diluted with
DMEM/F12 and kept on ice. The liver is perfused via the abdominal vena cava
with cold V-7 preservation solution and precision-cut liver slices (8 mm diameter,
~200 µm thick) are prepared in cold V-7. Each liver slice is placed on a nitrocellulose membrane and set on a titanium insert of a 6-well tissue culture plate containing DMEM/F12 plus additives. The plates are maintained on an inclined rotator
system in a humidified incubator at 70% O2: 5% CO2: 25% air at 37oC. Following
pre-incubation, the liver slices are transferred to wells containing fresh medium
with whole blood plus compound or vehicle. Aniline, a compound known to require metabolism to induce hemolysis, causes hemolysis in a time- and concentration- dependent manner. By 48 hr 10 mM aniline administered as 1- or 2-doses induces ∼30 and 45% hemolysis, and 25 mM aniline as 1- or 2-doses induces ∼45
and 85% hemolysis. Methimazole, up to 750 µM and 72 hr, induces ∼15% hemolysis. In the absence of a liver slice but in the presence of aniline or methimazole, the
percent hemolysis is similar to cultures with no drug exposure, 5%. This whole
blood-liver slice co-culture model allows for the investigation of liver generated
drug metabolites and for identification of the metabolic pathways leading to hemolysis. The model can be adapted to other species, including human, for the characterization of species susceptibility to drug-induced hemolysis.

2358

THE USE OF DRIED BLOOD SPOTS FOR MEASURING
1,4-BENZOQUINONE ADDUCTS IN HUMAN ALBUMIN

W. E. Funk, S. Waidyanatha and S. M. Rappaport. Environmental Science &
Engineering, University of North Carolina, Chapel Hill, NC. Sponsor: L. Ball.
1,4-Benzoquinone, a putative hematotoxic and leukemogenic metabolite of benzene, can bind to proteins in blood including serum albumin. Mono-S-substituted
cysteinyl albumin adducts of 1,4-benzoquinone (1,4-BQ-Alb) have been detected
in both benzene-exposed workers and control subjects. Here we present an assay for
quantifying 1,4-BQ-Alb in dried blood spots (DBS). Although investigators have
reported various analytical and immunochemical assays for proteins and protein
fragments in DBS, assays for DBS-protein adducts have not been reported. Because
DBS are considerably simpler to obtain and store than venous blood samples, the
ability to measure protein adducts in DBS would create opportunities for molecular epidemiology studies.
Finger-lanced blood samples from human volunteers were collected on specimen
collection paper and dried over night. Then, DBS were eluted from the paper and
albumin was selectively isolated using anti-human-serum-albumin antibodies. The
isolated albumin was reacted with methanesulfonic acid and trifluoroacetic anhydride yielding O,O′, S-tris-trifluoroacetyl-hydroquinone, which was extracted and
measured using gas chromatography-mass spectrometry in negative-ion chemical
ionization mode.
Levels of detection for this assay were determined to be sufficient to measure 1,4BQ-Alb in less than one mg of albumin, equivalent to concentrations found in a
single DBS. Results from this study demonstrate that DBS can be used to measure
protein adducts as potential biomarkers of exposure in epidemiology studies. The
stability of these adducts over time is currently being investigated in order to assess
the utility of this assay for retrospective studies.

2359

CHARACTERIZATION OF TOBACCO-SPECIFIC
NITROSAMINE HEMOGLOBIN ADDUCTS IN
SMOKING MOTHERS AND NEW BORN BABIES BY
MASS SPECTROMETRY

S. R. Myers and M. Y. Ali. Pharmacology and Toxicology, Center for Environmental
and Occupational Health Sciences, University of Louisville, Louisville, KY.
Cigarette smoke contains more than 40 known or putative carcinogens. The tobacco specific nitrosamines NNN (N’-nitrosonornicotine) and NNK (4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone) are the most potent carcinogens in tobacco smoke and smokeless tobacco products. These nitrosamines induce tumors of
the lung, liver, nasal cavity, and pancreas in the rat. NNK is metabolically activated
to a reactive species that binds to hemoglobin and to DNA, which can be used as
biomarkers of exposure assessment.
A sensitive GC/MS method was developed to measure nitrosoamine- hemoglobin
adducts at trace level in red blood cells of pregnant mothers and their new born babies. GC/MS methods with chemical ionization (CI) using methane reagent gas in
positive and negative ion mode were studied to achieve maximum sensitivity of the
method. Derivatization of HPB with BSTFA (N,O-Bis(trimethylsilyl)ftifluoroacetamide) and PFBC (Pentafluorobenzyl chloride) were also used to obtain highest
sensitivity. Red cells from whole blood were isolated by centrifugation and lysed in
ice cold water. The lysed HPB-hemoglobin adducts were incubated with 0.15 N
NaOH for 1 hour at room temperature to cleave the covalent bond between HPB
and amino acid of hemoglobin. The HPB solution was acidified with 1 N HCl at
pH 1-2 and washed with two volume of dichloromethane and hexane. The HPB

solution was neutralized to pH 6-7 and extracted twice with two volume of
dichloromethane. The HPB extract was evaporated nitrogen and was derivatized
with BSTFA for 1 hour at 60C. A GC temperature programming was employed
with Mass Spectrometric data acquisition of SIM m/z 238 and 242 ions with a retention time 7.82 and 7.81 min. for analyte and internal standard (IS) respectively.
Quantification was accomplished by measurement of the ratio of the peak area of
the analyte and the internal standard. The detection limit of the instrument was 30
femtomole per microliter injection.

2360

METHOD VALIDATION FOR THE EVALUATION OF
ABERRANT CRYPT FOCI IN AZOXYMETHANETREATED RATS
A. Adamou, S. Groom and E. Jacquinet. Toxicology, Charles River Laboratories
Preclinical Montréal, Senneville, QC, Canada. Sponsor: C. Banks.
Aberrant crypt multiplicity is a well-characterized biomarker for colorectal cancer
in carcinogen-induced animal models. Azoxymethane induces colorectal cancer
and aberrant crypt foci (ACF) appear during the early stages of development. The
method described below was validated at our laboratory as follows and colon segments were processed and evaluated for ACF according to methods modified from
Bird et al. (1987) and Paulsen et al. (2005). Five-week old male Sprague Dawley
rats obtained from Charles River Laboratories, St. Constant, Quebec were administered two subcutaneous injections of azoxymethane (15 mg/kg), one week apart.
Approximately six weeks following the second injection the animals were euthanized and the large bowel removed and fixed in 10% buffered formalin for at least
48 hours. Freshly prepared 0.2% methylene blue in PBS (without magnesium and
calcium salts) was used for staining. Deeply stained crypts were examined using
transillumination and a bright field light microscope using a magnification of 40X
or lower. The ACF were qualitatively evaluated for each rat colon based on surface
morphology. Classical ACF showed deeply stained crypts which were larger and elevated above the adjacent normal crypts; flat ACF were characterized by a bright
methylene blue staining, were moderately enlarged and not elevated from the surrounding epithelium and had small compressed or elongated luminal openings.
Flat ACF have been shown to progress to adenomas. Based on the appearance of the
aberrant crypt foci the method is considered acceptable for use as a screen for colorectal cancer.

2361

DETECTION OF NANOSIZE PARTICLES IN LIVING
CELLS USING AN ADVANCED ILLUMINATING SYSTEM
MICROSCOPE
S. Hussain, J. Skebo and J. Schlager. Applied Biotechnology/HEPB, Air Force
Research Laboratory, Wright-Patterson AFB, OH.
Nanotechnology involves the creation and manipulation of materials at the
nanoscale level to create unique products that exploit novel properties. In general,
nanomaterials are of interest to the Air Force because of their potential use in electronics, sensors, munitions and energetic/reactive systems involved with the advancement of propulsion technology. However, a detailed understanding of their
interaction with living cells is needed in order to identify their biohazards. The
main objective of the study was to detect nanoparticles in living cells. In the present
study, the CytoViva150 Ultra Resolution Imaging (URI) system with advanced optical illumination system was applied to follow the uptake, translocation and distribution of various nanosized particles in various living cells under physiological conditions. The experimental results demonstrated that silver 25 nm, Al 30 nm, Mn 40
nm nanoparticles were effectively internalized by liver cells, macrophages and PC12 cells respectively. The distribution of these particles individually and in aggregation was found in the cells. Additionally, bright aggregates were also found attached
to the membrane also outside of the cells. It appears that aggregation is an intrinsic
property of these particles and significantly reduces the number of individual particles in the cells. However, problems of excessive agglomeration in the nanoparticles
were partially reduced by treating the particles with an anionic surfactant (.1%
SDS) and sonicating the particles for several seconds before exposure. This resulted
in less conglomeration and more finely separated particles thereby increasing the
amount of particles that were internalized by the cells. Further studies are under investigation to characterize dynamic properties of these particles such as size, dimension and particle distribution in the cells.

2362

POLYCOLONAL ANTIBOBY DEVELOPMENT FOR
STYRENE OXIDE CYSTEINYL PROTEIN ADDUCT
DETECTION
W. Yuan1, J. Chung1, S. Gee2, B. D. Hammock2 and J. Zheng1. 1Department of
Pharmaceutical Sciences, Northeastern University, Boston, MA and 2Department of
Entomology, University of California, Davis, CA.
Styrene is widely used as one of the most important industrial materials for production of synthetic rubbers, plastic, insulation, fiberglass, automobile parts. Inhaled
styrene has been reported to produce respiratory toxicity in human and animals.

Styrene oxide, a reactive metabolite of styrene via cytochrome P450, has been reported to form covalent bonding to proteins, such as albumin and hemoglobin.
And among all the amino acids, cysteine is the most reactive amino acid to be modified by electrophilic species. The purpose of this study is to develop polycolonal
antibody for the detection of styrene oxide cysteinyl protein adducts. Two immunogens were designed and synthesized, and their corresponding polyclonal antibodies were raised by immunizing rabbits. Immune responses were observed from
the raised antibodies by antiserum dilution tests. Competitive ELISA demonstrated
that the obtained antibodies specifically recognized styrene-oxide derived N-acetylcysteine adduct. Western blotting results showed that the raised antibodies can recognize styrene oxide modified albumin. No cross reaction was observed from the
native protein. Competitive Western blots further indicated that these antibodies
specifically recognized styrene-oxide cysteinyl protein adducts. In conclusion, we
successfully raised polyclonal antibodies to detect styrene-oxide derived
protein/cysteine adducts.

2363

THE IMPORTANCE OF PERFORMING A KINETIC
SIMULATION PRIOR TO INITIATION OF A KINETIC
STUDY AND VALIDATION OF A BIO-ANALYTICAL
METHOD

B. L. Burback1, J. O. Peggins2, S. Hong1, T. Kinsella3, S. Graves1, J. D.
Johnson1, N. L. South1, M. K. Pauff1, E. A. Psurny1 and I. M. Grossi1.
1
Chemistry Technical Center, Battelle Memorial Institute, Columbus, OH,
2
Developmental Therapeutics, National Cancer Institute, Bethesda, MD and 3School
of Medicine Ireland Cancer Center, Case Western Reserve University, Clevaland, OH.
A 28 day oral toxicity study of 5-iodo-2-pyrimidinone-2’-deoxyribose (IPdR) in
F344 Rats was performed at Battelle for the National Cancer Institute (NCI),
Developmental Therapeutics Program (DTP). A kinetic arm was included in this
study to ascertain pharmacokinetic parameters for IPdR and its active metabolite 5iodo-2’-deoxyuridine (IUdR) as well as to determine if IPdR induces or inhibits its
own metabolism after repeated administration. The original design of this study
called for the analysis of plasma samples for IPdR and IUdR by HPLC with UV detection. The limit of quantification (LOQ), for both IPdR and IUdR in plasma by
this method, was found to be ~1 µM (340 ng/mL). In order to determine if this
LOQ would be sufficient to generate a fully defined plasma concentration time
profile for IPdR and IUdR, a simulated kinetic model based on previous literature
data was created and evaluated. The results of this model indicated that an LOQ of
0.21 µM (70 ng/mL) would be required. As a result of the simulation findings a
new method utilizing HPLC with tandem mass spectrometry (MS/MS) as the detection mode was developed and validated for this study. The HPLC MS/MS
method had an LOQ range of 0.15 to 5.9 µM (50 to 2000 ng/mL). The results of
the study indicated that IPdR concentrations down to 0.15 µM were needed to
fully define the terminal linear phase. These results would not have been possible
had the original HPLC UV method been used to analyze samples from this study.
This demonstrates the value of kinetic simulation in toxicology and kinetic study
design. This work supported by NCI contract N01-CM-42200.

2364

MUSCLE CROSS SECTION AREA AND BODY
COMPOSITION DETERMINATION USING PQCT AND
DEXA TECHNOLOGY IN CYNOMOLGUS MONKEYS

M. Niehoff and G. F. Weinbauer. Covance, Muenster, Germany.
Currently, there is increasing demand on technologies to monitor muscle growth
and body composition in preclinical animal models. Both DEXA (dual-energy-Xray absorptiomety) and pQCT (peripheral quantitative computer tomography)
technology are established as pivotal tool to monitor bone mineral density and
bone mineral content in primates. Likewise, several studies reported that DEXA
provides a precise estimate of nonhuman primate body composition with good correlation to conventional somatometric measures. Unlike in human, pQCT data on
muscle cross section area are scant for preclinical animal models. The present study
evaluates the reproducibility of whole body composition and compares body composition measurements using pQCT and DEXA in four groups of cynomolgus
monkeys Group 1 [n=5, adult (born in 1995-1996)] for reproducibility measurements of whole body composition, Group 2 [n=10, adolescent (1999-2003)],
Group 3 [n=9, adult (1994-1995)] and Group 4 [n=5, old (1992)] for single measurement of muscle cross section area by pQCT and whole body composition measurement by DXA. Coefficent of variation (CV) for reproducibility measurements
was 2-3% for lean and 1-6% for total mass. For fat measurements, CV was < 20%.
Interestingly, lowest CV were determined from heaviest animals. DEXA measurements revealed increased average whole body fat, lean and total mass with increasing age. Similar findings were obtained for muscle cross section and fatty tissue
measurements in radius and shank by pQCT. Body weight comparisons by balance
and DEXA, on average, differed only by 100-200 gram. In conclusion, both DEXA
and pQCT techniques can be used to determine and monitor body composition in
the cynomolgus monkey model.
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2365

DEVELOPMENT OF A PHYSIOLOGICALLY BASED
PHARMACOKINETIC MODEL FOR DELTAMETHRIN
IN ADULT AND DEVELOPING SPRAGUE-DAWLEY RATS

A. Mirfazaelian1, K. Kim2, S. S. Anand2, H. J. Kim2, R. Tornero-Velez3, J.
V. Bruckner2 and J. W. Fisher1. 1Department of Environmental Health Science,
University of Georgia, Athens, GA, 2Department of Pharmaceutical and
Biomedical Sciences, University of Georgia, Athens, GA and 3National Exposure
Research Laboratory, US Environmental Protection Agency, Research Triangle
Park, NC.
Deltamethrin (DLT) is a type II pyrethroid widely used in agriculture and public
health. It is primarily cleared from the body by metabolism and biliary excretion. A
physiologically based pharmacokinetic (PBPK) model for DLT was constructed for
the adult (PND 90) and developing (PND 10, 21, 40) male Sprague-Dawley rat.
To develop the model, rats were administered 0.4-10 mg DLT/Kg in glycerol formal by gavage. Fat, brain and blood samples were collected at selected time-points
after dosing. The toxicokinetics of DLT could not be described using flow-limited
assumptions for all model compartments. We suspect that the lipophilicity of DLT
precluded the use of flow-limited kinetics. A refined hybrid PBPK model for DLT
was then developed using both flow-limited (spleen, GI tract, liver and rapidly perfused tissues) and diffusion-limited (brain, fat, blood and slowly perfused tissues)
differential equations to describe the toxicokinetics of DLT. Metabolism of DLT
was accounted for in blood and liver. Generalized Michaelis-Menten equations
were used to calculate metabolic rate constants and organ weights of rats of different ages. The PBPK model predictions compared favorably with experimental
blood, brain and fat DLT profiles over the range of doses. There was a linear negative correlation in the AUCs of plasma profiles from PND 10 to PND 40 and a
moderate decline afterwards (up to PND 90). There was adequate agreement between model simulations and observations for most published time-course data.
This research will advance the approaches used to construct PBPK models for
highly lipophilic compounds such as pyrethroids. Although this work was reviewed
by EPA and approved for publication, it may not necessarily reflect official Agency
policy. (Supported by U.S. EPA STAR grant #R830800)

2366

PHYSIOLOGICALLY-BASED PHARMACOKINETIC
(PBPK) MODELING OF RDX IN RATS

M. A. Major1, G. Reddy1 and K. Krishnan2. 1US Army Center for Health
Promotion and Preventive Medicine, Aberdeen Proving Ground, MD and 2SEST,
University of Montréal, Montréal, QC, Canada.
Hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX), an explosive used in military munitions, has been shown to induce central nervous system effects in several species
and tumors in B6C3F1 mice. A physiologically-based pharmacokinetic (PBPK)
model for simulating and extrapolating the internal dose of RDX across species has
not been developed. The objective of this work was to construct a PBPK model for
simulating the kinetics of RDX in rats following oral or intravenous administration. The overall approach involved the evaluation of the lipophilicity characteristics, clearance pathways and target organ toxicity of RDX in order to identify a conceptual structure of the PBPK model. The resulting RDX PBPK model consisted of
liver, fat, brain, poorly perfused tissues and richly perfused tissues interconnected
by systemic circulation. The tissue uptake of RDX was described as a perfusionlimited process, whereas hepatic metabolism and gastrointestinal absorption were
described as first order processes. The physiological parameters required for the
model were obtained from the literature, whereas the tissue:blood partition coefficients for modeling were computed on the basis of the n-octanol:water partition coefficient of RDX (7.4) and the composition of rat tissues and blood in terms of
neutral lipids, phospholipids and water. Initial estimate of metabolic clearance of
RDX (0.05 L/hr) was obtained by fitting model simulations to the time-course data
on RDX kinetics in rats administered 5 mg/kg iv (data from Schneider et al. 1977).
With no further change in the parameter values, the oral kinetics of RDX in rats
(100 mg/kg) was simulated using an absorption rate constant of 0.075 hr-1. The
model was then successfully applied to simulate more recent data on the kinetics of
RDX in rats receiving the chemical via capsules (average dose 1.3 mg/kg). The
PBPK model developed in this study should serve as a scientifically-sound tool for
evaluating the pharmacokinetic basis of interspecies differences in toxicity and carcinogenicity of RDX.

2367

HARMONIZED PBPK MODELS FOR JP-8
COMPONENTS NONANE AND DECANE

P. J. Robinson1, E. A. Merrill1, D. R. Mattie1, U. R. Perleberg2 and J. W. Fisher2.
1
HEPB, Air Force Research Laboratory, Dayton, OH and 2Environmental Health
Science, University of Georgia, Athens, GA.
JP-8 is a complex mixture of hundreds of components including straight chain
alkanes, branched chain alkanes, cycloalkanes, diaromatics and naphthalenes.
Human exposures to JP-8 in the vapor, aerosol and liquid forms all have the poten-
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tial to produce health effects, including immune suppression and neurological
deficits. Two prevalent components of the alkane portion of JP-8 are nonane and
decane. A physiologically-based pharmacokinetic (PBPK) model that includes
flow-limited compartments for the lungs, liver, muscle and fat (Robinson 2000)
was developed for nonane (calculated log Kow = 4.76) on the basis of in-house rat
inhalation data and validated with published rat inhalation data. An initial PBPK
model for decane (log Kow = 5.25) was developed by Perleberg et al. (2004) that includes flow-limited compartments for the liver and lung, and diffusion limitation
in brain, bone marrow, fat, skin and spleen. Although partition coefficients for
blood and tissues were measured, these values were instead fitted to the kinetic data,
and the model did not satisfactorily describe peri-renal fat kinetics (Perleberg et al.,
2004). Nonane and decane have similar physico-chemical characteristics, but there
are significant differences between the respective PBPK models. Due to limitations
in relation to available experimental data, these models were improved, integrated
and harmonized. Model improvements include: incorporation of two fat compartments (brown and white); diffusion limitation in appropriate tissues, with time
course to steady-state; and incorporation of specific metabolic pathways. Nonane,
for example, is metabolized to 2-nonanol by P450 isoforms CYP1A2, 2B6 and
2E1, and further to 2-nonanone by CYP2B6, 2E1 and alcohol dehydrogenase.
Both the nonane and decane models can be combined with other components in
order to describe the kinetics and dosimetry (brain, fat) of petroleum products such
as JP-8 and dearomatized white spirit (Lof et al., 1999), thereby helping to develop
and validate a complex mixture model.

2368

A PBPK MODEL FOR THREE DIHALOACETATES

M. Easterling1, J. L. Matthews1, R. L. Melnick2 and C. Smith2. 1Constella Group,
Durham, NC and 2NIEHS, Research Triangle Park, NC.
Dihaloacetates are contaminants in chlorinated drinking water. Dichloroacetic acid
(DCA), dibromoacetic acid (DBA), and bromochloroacetic acid (BCA) are all metabolized mainly by GST zeta. In support of the National Toxicology Program
(NTP) bioassays for DBA and BCA, a physiologically based model was developed
to enhance the understanding of dihaloacetate kinetics. The model is an extension
of a published model for DCA. The published model has flow-limited compartments representing the liver, kidney, slow perfused, and rapid perfused tissues. The
model represents metabolism by GST zeta with the possibility of suicide inhibition
along with metabolism by a non-GST zeta pathway. The model also includes the
resynthesis of GST zeta. We added a stomach compartment to better represent gavage and drinking water doses. Data were available from gavage, IV, and drinking
water studies and included parent DHA, glyoxylate, and oxalate. The model was fit
to DBA and BCA data and statistical tests were done to determine if both metabolism pathways and/or suicide inhibition were necessary in the model to describe the
parent plasma and urine data. The results support two metabolism pathways and
suicide inhibition of the GST zeta. Model based predictions of parent compound
and metabolism will be compared to measurements in rats and mice exposed to
each DHA in their drinking water for 2 weeks. The PBPK model will be used to
generate dose metrics for analyses of tumor dose-response relationships.

2369

PBPK MODEL FOR A TOXIC METABOLITE IN
EXTRAHEPATIC TISSUE: MODELING WITH THE
TESTICULAR TOXICANT MOLINATE

A. R. Campbell, A. R. Craigmill, W. Phillips and M. G. Miller. Environmental
Toxicology, UC Davis, Davis, CA.
Molinate has been widely used as a pre emergent herbicide in the rice fields of
California’s Central Valley. In rat studies, the metabolite molinate sulfoxide, has
been implicated in testicular toxicity after molinate. This sulfoxide is generated in
the liver and circulates in the blood to reach the testis. Man qualitatively produces
the same molinate metabolites as the rat. To extrapolate the reproductive risk to
man, the present study outlines the development of a PBPK model, validation in
the rat and application to man. The four needs of a PBPK model are species specific
physiologic parameters (available in literature), physiochemical properties of the
compound(s) of interest (estimated experimentally or using a previously published
alogorithm (Keys et al., 1999), Km and Vmax values for metabolism in rats and
human, as well as the development of the appropriate computer model. Km and
Vmax values for formation of hydroxymolinate and molinate sulfoxide in the liver
were taken from our previous publication (Jewell and Miller, 1999). Recent studies
have obtained kinetic constants describing the glutathione transferase-catalyzed
detoxification of molinate sulfoxide in the liver, the nonenzymatic reaction rate of
molinate sulfoxide with glutathione, and the reaction rate for removal of free sulfoxide in whole blood. A preliminary flow limited PBPK model has been developed
using ACSL EXTREME software. The model remains to be tested and validated by
comparing model generated blood values with blood values in the whole animal at
different dose levels. The approach used for this model would be relevant not only
to molinate, but also to other chemicals where the toxic metabolite is of sufficient

stability to circulate in the blood to reach the target tissue. An additional consideration is the capability of the testis to form and to detoxify the sulfoxide. The importance of testicular metabolism will be ascertained in the rat and incorporated
into the human model as needed.

2370

A PHYSIOLGICAL MODEL TO DESCRIBE ABSORPTION
AND OXIDATIVE METABOLISM OF ATRAZINE AND
ITS CHLOROTRIAZINE METABOLITES IN RAT

W. H. Hanneman3, T. S. McMullin3, 1, J. D. Tessari3, B. Cranmer3 and A. E.
Melvin2. 1Toxicology and Environmental Research and Consulting, The Dow
Chemical Company, Midland, MI, 2CIIT, Centers for Health Research, Research
Triangle Park, NC and 3Radiological and Environmental Health Sciences, Colorado
State University, Fort Collins, CO.
Atrazine(ATRA), a chlorotriazine herbicide, undergoes extensive cytochrome P450
mediated oxidative metabolism to the chlorinated metabolites 2-chloro-4-ethylamino-6-amino-1, 3, 5 triazine (ETHYL), 2-chloro-4-amino-6-isopropylamino-1,
3, 5-triazine (ISO) and the di-dealkylated metabolite, diaminochlorotriazine
(DACT). As such, risk assessments for human exposures to ATRA need to be based
on an understanding of the concentrations of ATRA and/or active metabolites that
reach target tissues. By integrating metabolic parameters determined in vitro and
time-course plasma data on individual Cl-TRIs from in vivo studies, a series of four
physiologically based pharmacokinetic(PBPK)models described absorptive and oxidative metabolic processes regulating blood and tissue concentrations of individual
Cl-TRIs in rat after dosing with DACT, ETHYL, ISO and ATRA. The models
were linked together into a composite model for all 4 compounds. Oral administration of ISO, ETHYL and ATRA produced double peak time courses of the compounds in plasma that were described by multiple absorption processes from gut. A
description of the uptake and bioavailability of absorbed ATRA also required inclusion of oxidative metabolic clearance of ATRA in the GI tract. This complex absorption and pre-systemic metabolism likely reflect limited compound solubility in
the gut and sequential absorption along the GI tract at these high oral doses.
Overall, this kinetic analysis indicated that Cl-TRI internal dosimetry after a high
oral gavage dose of ATRA is driven by complex dose-dependent absorption
processes from the GI tract, rapid and extensive pre-systemic clearance via oxidative
metabolism in liver and possibly gut and additional clearance by GSH conjugation
and urinary elimination.

2371

PHYSIOLOGICALLY BASED TOXICOKINETIC MODELS
FOR A SERIES OF BROMINATED DIPHENYL ETHERS

J. R. Pirone1, M. R. Easterling1, E. H. Lebetkin2, J. M. Sanders2 and C. J.
Portier2. 1Constella Group, Durham, NC and 2NIEHS, Research Triangle Park, NC.
Brominated diphenyl ethers (BDEs) are widely used as flame retardants in plastic
and foam consumer products. BDEs are found as contaminants in both environmental samples and human tissues. In support of experimental studies conducted
by the National Toxicology Program (NTP), we have developed physiologically
based toxicokinetic (PBTK) models for three BDE congeners: 2,2’,4,4’-tetraBDE
(BDE-47), 2,2’,4,4’,5-pentaBDE (BDE-99), and 2,2’,4,4’,5,5’-hexaBDE (BDE153). These congeners make up the majority of the commercial BDE mixture, DE71. The models contained diffusion-limited representations of the liver, kidney, fat,
slowly perfused, and rapidly perfused tissues, as well as compartments for the blood
and GI. Model predictions for tissue and excreta concentrations of BDEs were
compared against observed concentrations from rodent experiments. Male and female rats received doses of 0.1 to 1000 µmol of 14C-labeled BDE per kg per day by
corn oil gavage using single dosing or multiple dosing regimens. In multiple dosing
regimens, rats received daily doses of BDE congeners for 5 or 10 days. Rats were
sacrificed 1, 5, or 10 days after dosing. The PBTK models accurately predicted tissue and excreta time-course observations for all three congeners. Based on this
model, half life for BDE congeners were estimated to range from 16-20 days. The
sensitivity of predicted tissue concentrations to variation in enzyme induction patterns was also characterized using these models.

2372

PHYSIOLOGICALLY BASED MODEL DEVELOPMENT
AND PARAMETER ESTIMATION: RESPIRATORY
IRRITATION RESPONSE IN RATS

K. Yokley1, 2, H. T. Tran1 and P. M. Schlosser2, 3. 1Department of Mathematics and
Center for Research in Scientific Computation, North Carolina State University,
Raleigh, NC, 2CIIT Centers for Health Research, Research Triangle Park, NC and
3
NCEA, USEPA, Washington, DC.
Inhaled gases can cause respiratory depression by irritating (stimulating) nerves in
the nasal cavity. In order to better understand how the nervous system responds to
such chemicals, we have created a mathematical model to describe how the pres-

ence of irritants affects respiration in the rat. By combining and adapting two previous models (one that evaluates the relationship between inhaled acrylic acid vapor
concentration and the tissue concentration in various regions of the nasal cavity and
another model which describes the baroreflex-feedback mechanism regulating
human blood pressure), we created a system of equations that models the decrease
in ventilation as a result of sensory irritation in rats. The adapted ordinary differential equation model focuses on the dosimetry of these reactive gases in the respiratory tract, with particular focus on the physiology of the upper respiratory tract,
and on the neurological control of respiration rate due to signaling from the irritant-responsive nerves in the nasal cavity. The ventilation equation is altered to account for an apparent change in dynamics between the initial ventilation decrease
and the recovery to steady state as seen in formaldehyde exposure data. Further, the
model is evaluated and improved through optimization of particular parameters to
describe formaldehyde-induced respiratory response data and through sensitivity
analysis. The model predicts the formaldehyde data well, and hence the model is
thought to be a reasonable description of the physiological system of sensory irritation. The model is also expected to translate well to other irritants. (This abstract
does not reflect EPA policy.)

2373

A PHYSIOLOGICALLY-BASED PHARMACOKINETIC
(PBPK) MODEL OF ZINC PYRITHIONE IN THE RAT

J. F. Nash1 and G. L. Diamond2. 1Central Product Safety, Procter & Gamble,
Cincinnati, OH and 2Syracuse Research Corporation, Syracuse, NY.
Zinc pyrithione (ZPT) is a broad spectrum antimicrobial used in commercial and
consumer products. It has been known for decades that repeated high dose administration of ZPT to rats produces hindlimb muscle weakness, yet no such toxicity
has been reported in humans despite more that 50+ years of exposure. The exact
mode of action of ZPT and the chemical species responsible for toxicity in the rat
are not known. To facilitate the exploration of relationships between toxicity and
internal dosimetry of ZPT in the rat, a physiologically-based pharmacokinetic
(PBPK) model of ZPT was developed. A preliminary model predicting blood,
urine, and tissue levels of pyrithione carbon (PTC) for simulating pharmacokinetic
studies of [14C]-pyrithione compounds was created. Initially, the model was parameterized and optimized based on PTC pharmacokinetic data in the rat following
a single intravenous dose of [14C]-ZPT. Gastrointestinal absorption and enterohepatic circulation parameters were subsequently optimized based on data from
studies of single oral doses of [14C]-ZPT. This optimized model simulated the absorption and elimination kinetics of PTC following orally-administered [14C]ZPT, as observed in several studies not included in the optimization. The inclusion
of a dermal absorption simulation provided a successful re-creation of observed
blood kinetics and tissue levels of PTC in the rat, following a single dermal exposure. The robustness of the model for simulating the pharmacokinetics of PTC in
the rat following multiple oral or dermal doses was also evaluated. Extension of the
PBPK model of PTC to include a simulation of the formation of the major
metabolite of ZPT, 2-(methylsulfonly) pyridine, is being explored. The PBPK
model offers an approach to predicting the internal dose of PTC that corresponds
to the no observed effect level (NOEL) for hindlimb weakness in rats.

2374

DEVELOPMENT OF A PHYSIOLOGICALLY-BASED
TOXICOKINETIC AND TOXICODYNAMIC
(PBTK/TD)MODEL FOR ATERNARY
ORGANOPHOSPHORUS INSECTICIDE MIXTURE IN
RATS

J. Pittman and J. Chambers. Mississippi State University, Starkville, MS.
A PBTK/TD model was developed, from the open literature, to predict the toxicokinetic disposition and toxicodynamic response (acetylcholinesterase inhibition) of
a ternary OP insecticide mixture: chlorpyrifos (CP), methyl parathion (MP) and
parathion (P). In vivo studies were conducted in adult male Sprague-Dawley rats,
orally administered 2.5mg/kg CP, 0.5 mg/kg each of MP and P, with selected tissues
(serum, brain, diaphragm, liver, lung and skeletal muscle) collected at 30min, 4, 12
and 24hr postdosing. Low dosages were studied so the mixture did not result in significant disruption of cardiovascular function nor invalidate the model’s underlying
general physiological assumptions.The data were used to validate the model. CP
and its metabolites (CP-oxon, 3,5,6-trichloro-2-pyridinol (TCP)), and the detoxication product of both MP and P (4-nitrophenol), were quantified in the tissues of
interest. Peak concentrations of CP were attained by 4hr in all tissues with the exception of the liver, whose peak occurred at 30min; this was supported by the model
simulations. MP, P, and their respective oxons were below limits of quantitation;
however, these compounds were above the limits of detection in some of the tissues.
Cholinesterase inhibition in the tissues ranged from 11- 37%, was generally additive and was also supported by the model simulations. This study demonstrates the
utility of using previously developed individual PBTK/TD models and in vitro/ in
vivo data from the open literature to construct reliable mixture PBTK/TD models.
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2375

DEVELOPMENT OF A HUMAN PBPK MODEL FOR
DICHLORAOCETIC ACID

T. Li1, I. R. Schultz2 and J. W. Fisher1. 1University of Georgia, Athens, GA and
2
Battelle PNNL-Marine Research Operations, Sequim, WA.
Dichloroacetic acid (DCA) is a probable minor metabolite of trichloroethylene and
is a common disinfection byproduct in surface waters. DCA liver carcinogenicity
has been demonstrated in rodents but epidemiological evidence in humans is not
clearly documented. High doses of DCA (~50mg/kg) are used clinically to treat
cardiovascular and metabolic disorders. DCA metabolism is catalyzed by glutathione transferase zeta (GSTz) to a reactive intermediate that binds to GSTz and
inhibits its own metabolism. So far, four functional polymorphic alleles of GSTz1
have been identified in humans. A human PBPK model was developed for DCA
using blood kinetic data sets from published therapeutic clinic studies and new low
dose kinetics (Schultz et al., 2006). The model structure and metabolic descriptions
for DCA were patterned after our development of a PBPK model for DCA in rats
and mice. DCA metabolism was described using a Michaelis-Menten equation for
GSTz and a first order rate constant for non-specific degradation of DCA, coupled
with rate constants to account for normal GSTz synthesis (ks), its degradation (kde)
and it irreversible inhibition (kd). To estimate model parameters, the optimization
function in acslXtreme simulation software was implemented in combination with
visual inspection of simulation fits to experimental data. The final values of those
parameters were comparable with the values from in vitro experiments. The high
dose (therapeutic) kinetic predictions agreed with experimentation across different
routes of administration and doses. The low dose simulations for individuals revealed inter-individual variability in the metabolism and oral absorption of DCA.
This PBPK model has potential for use in risk assessment of environmental exposures to DCA or trichloroethylene and for therapeutic uses of DCA. Research was
supported by DOE #DE-FC09-02CH11109 and the Department of
Pharmaceutical and Biomedical Sciences.

2376

ESTIMATING PARAMETER VALUES AND VARIANCES
IN PBPK MODELING

J. L. Matthews1, M. V. Smith1, M. R. Easterling1 and C. J. Portier2. 1Constella
Group, LLC, Durham, NC and 2NIEHS, Research Triangle Park, NC.
A constant challenge in physiologically-based pharmacokinetic (PBPK) modeling is
the estimation of parameters. Published models rarely have confidence intervals for
estimated parameters or model predictions. The issues of identifiable and estimable
parameters appear in models with only a few unknowns. To address these concerns,
we constructed a generic PBPK model to generate test data. The model has compartments representing arterial, fat, kidney, liver, stomach, venous, and other aggregated tissues. The test data were made to simulate typical data from the National
Toxicology Program toxicokinetic studies. A data set with no error was created
along with several data sets with increasing amounts of variability. The simulated
data was used to estimate two, four, or eight unknown model parameters.
Optimization routines include a differential evolution algorithm and several builtin Matlab routines. Sensitivity analysis was done using analytically derived equations to ensure accuracy.
The trials performed to estimate two, four, and eight unknown parameters with no
error incorporated into the output were markedly successful. This preliminary result decreases concern for identifiability issues in parameter estimation associated
with PBPK models. However, when attempting to estimate eight unknown parameters using outputs with error, results indicate that estimability may be a challenge.
In exploratory work, different output sets (both in terms of available time points
and tissue concentrations) produced different sensitivities to the parameters, indicating a potential use of this method in the comparison of study designs. In addition, a related estimator that uses sensitivities to estimate the variance of parameters
in non-linear models is used to find variances for the estimated parameters.

2377

PBPK MODELLING FOR LINDANE: IMPACT OF
MODEL STRUCTURE AND PARAMETERIZATION ON
MODEL UTILITY

B. Blaauboer and M. Reddy. Institute for Risk Assessment Sciences, Utrecht
University, Utrecht, Netherlands.
The implications of limited data availability on PBPK model development and parameterization, and model utility were examined by comparing two PBPK models
for lindane kinetics in the rat following repeated oral exposures. An extensive literature search provided key information for the detailed lindane PBPK model; in vivo
kinetic data and findings from several kinetic studies such as enzyme induction occurring during repeat exposures to lindane were used in model development. A sec-
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ond, simple model was developed assuming that in vivo kinetic data were unavailable. Increases in body weight and organ volumes with growth are incorporated in
both models.
Although in the simple model lindane storage compartments were improperly characterized, target tissue doses estimated using this model were within 30% of the
predictions of the detailed model for an acute exposure and within 70% for a subchronic exposure. The detailed model provided insight into the relationship between lindane kinetics and toxicity. With this detailed PBPK model, it was demonstrated that due to excess storage of lindane in the kidney of male rats compared to
female rats, male rats may require a higher dose of lindane to exhibit toxicity.

2378

IMPROVED PHYSIOLOGICAL REALISM IN PBPK
MODELING FOR VARIABILITY ANALYSIS: A CASE
STUDY WITH ETHANOL

S. M. Hays1 and R. S. DeWoskin2. 1Summit Toxicology, Allenspark, CO and
2
USEPA, Research Triangle Park, NC.
PBPK modeling with Monte Carlo sampling has been increasingly used to estimate
variability in the predicted internal dose due to toxicokinetic variability in the population. Previous work demonstrated that Monte Carlo sampling from uninformed
parameter distributions or with sampled parameter values that were not constrained
by other closely correlated parameters, produced simulation results that were not
physiologically realistic. Using liver blood flow as an example, it was shown that a
combination of upper and lower bounding as well as correlation of liver blood flow
to liver volume yielded a better fit to the human and test animal data compared to
the use of unbounded distributions and uncorrelated sampling (Hays et al., 2000).
Work presented here extends the previous analysis to include additional physiological processes, and to examine the impact of bounding and inter-parameter correlations on estimates of internal dose. Because of the abundance of available kinetic
information for ethanol, an ethanol PBPK model was chosen for a case study. A
database was compiled of upper and lower bounds on parameters considered most
likely to be determinants of ethanol internal dose (e.g., target tissue blood flow, metabolism, cardiac output, respiratory rate, and absorption). Simulation results were
constrained to physiological ranges with inter-parameter correlations such as tissue
blood flow to tissue volume and/or to total cardiac output, and respiratory rate to
cardiac output. These constraints resulted in better fits to the blood level data and a
more accurate estimate of human variability for ethanol toxicokinetics. The simulation results of ethanol blood levels clearly demonstrate the importance in variability
analysis of using realistic bounds on parameter distributions and inter-parameter
correlations for sensitive parameters. [This abstract does not necessarily reflect EPA
policy.]

2379

A PHYSIOLOGICALLY-BASED PHARMACOKINETIC
(PBPK) MODEL FOR METHYL TERTIARY BUTYL
ETHER (MTBE)

F. W. Power2, J. N. Blancato1, M. V. Evans1 and A. Tsang3. 1USEPA, Research
Triangle Park, NC, 2USEPA, LV, NV and 3Anteon Corp, LV, NV.
MTBE is a volatile organic compound used as an oxygenate additive to gasoline,
added to comply with the 1990 Clean Air Act. Previous PBPK models for MTBE
were reviewed and incorporated into EPA’s present model designed using the
Exposure Related Dose Estimating Model (ERDEM) software. EPA’s model also
included an explicit pulmonary compartment. Organs (compartments) included in
the model were: liver (for metabolism), fat, kidney, brain, and slowly and rapidly
perfused compartments. Both inhalation and oral dosing were included as routes of
exposure. Numerous simulations were performed to compare performance between
present and previous MTBE PBPK models with available data : (400 and 8000
ppm inhalation exposure for 6 hours, and oral dosing of 40 and 400 mg/kg to a
215g rat). Physiological and metabolic parameters were changed to human values
and model performance was re-examined. Using available human data (inhalation,
dermal and oral exposures), model comparisons were matched to MTBE peak values, MTBE area under the curve, and peak concentration for the metabolite TBA.
The largest percent difference observed between rat data and simulations was 40 %
(peak MTBE). For humans, the modeled output was within 3-fold of the reported
experimental value. An uncertainty analysis (representing errors due to parameters
or model structure) and variability analysis (attempting to include assumed changes
due to differences in the general population) were performed for different species.
The simulation results showed the variability in rats and humans to be similar. In
summary, a revised EPA PBPK model for MTBE has been tested against previous
models and across different species. Exposure to dose relationships obtained using
this PBPK model may be useful in extrapolation across species and routes of exposure.(This work was reviewed by EPA and approved for publication but does not necessarily reflect official Agency policy.)

2380

EVALUATION OF INTERSPECIES DIFFERENCES IN
PHARMACOKINETICS (PK) USING A PBPK MODEL
FOR THE PESTICIDE DIMETHYLARSINIC ACID (DMAV)

E. M. Kenyon, M. F. Hughes, C. Eklund and M. V. Evans.
ORD/NHEERL/ETD, USEPA, Research Triangle Park, NC.
DMAV is an organoarsenical pesticide registered for use on certain citrus crops and
as a cotton defoliant. In lifetime oral route studies in rodents, DMAV causes statistically significant increases in bladder tumors in rats, but not in mice. We have developed a PBPK model for DMAV in rats, mice and humans to evaluate the impact
of known interspecies differences in PK on target tissue dosimetry. The model incorporates species-specific metabolic constants for methylation of DMAV to
trimethylated arsenic (TMAs) in liver and accounts for binding to hemoglobin in
rats. Tissue compartments include arterial and venous blood, liver, lung, kidney,
urinary bladder, skin and residual tissue. Chemical specific parameters for partition
coefficients, gastrointestinal absorption, and urinary elimination were estimated
using oral and i.v. kinetic data from previous studies of DMAV in mice in our laboratory. Different data sets were used for model evaluation and good visual fits were
obtained for most of this data. Based on available data, major clearance processes
described in the model are linear which means that PK differences among species
for dose metrics related to urinary DMA excretion and metabolism to TMAs are
dose-independent. The PK impact of sequestration in rat red blood cells is that the
time to steady state differs across species. For example, at an intake dose of 10
mg/kg/day, time to pseudo steady state in plasma is ~18 hours, ~3400 hours and
~24 hours, in the mouse, rat and human, respectively. In a practical sense, this PK
difference would have the greatest impact on cumulative target tissue dose for
shorter duration exposures. (This abstract does not necessarily reflect EPA policy.)

2381

PHYSIOLOGICAL MODEL TO EVALUATE EFFECTS OF
PHYSICAL ACTIVITIES ON KINETICS OF TOLUENE

J. Bessems1, E. Heugens1, J. Lammers1 and V. Benignus2. 1Food and Chemical
Risk Analysis, TNO Quality of Life, Zeist, Netherlands and 2ORD/NHEERL,
USEPA, Research Triangle Park, NC.
Occupational exposure limits (OELs) generally reflect to time-weighted average
(TWA) exposures and an average healthy worker. However, exposure conditions
and human activities vary continuously in time, resulting in variations in kinetics
and possibly, acute or long-term effects. Investigation of these variations and their
effects by computer models requires dynamic models able to simulate non-steadystate conditions. Such a model was previously developed using Advanced
Continuous Simulation Language (ACSL). However implementation of physical
activity, needed to improve model predictions, is rather cumbersome using ACSL.
Instead, the General Physiological and Toxicokinetic (GPAT) model was used to
predict data of a human volunteer study.
In this study, male volunteers were exposed to 40 ppm toluene for 4 h or to three
peaks of 110 ppm for 0.5 h (total external load approx. 160 ppm h) while seated and
performing light exercise (computerised neurobehavioral testing). Blood toluene
concentrations were monitored at regular intervals during and after exposure.
Scripts were written for the GPAT model to describe the exposure as well as physical exercise levels in the volunteer study. Both models (the previous ACSL and the
GPAT model) provided reasonable predictions of the average blood toluene levels
during exposure. However, both underestimated post-exposure clearance of
toluene. Therefore, increased physical activity was incorporated in the GPAT model
(post-exposure walking around compared to light exercise during exposure). This
significantly improved post-exposure clearance predictions.
The GPAT model improved the possibilities to simulate and fine-tune complex exposure with respect to exposure concentration and human activities. Future investigations may include increased physical workload such as cycling on a home trainer
as well as extension of the modelling from single acute exposure to repeated daily
exposure as occurs in occupational settings.

2382

BAYESIAN ANALYSIS OF THE INHALATION
PHARMACOKINETICS OF METHYL TERT-BUTYL
ETHER (MTBE) AND ITS METABOLITE TERT-BUTANOL
IN HUMANS

A. Nong1, L. Ernstgard2, K. Krishnan1 and G. Johanson2. 1Occupational and
Environmental Health, University de Montréal, Montréal, QC, Canada and 2Work
Environment Toxicology, Karolinska Institutet, Stockholm, Sweden.
Probabilistic and population modeling approaches are increasingly explored for use
in risk assessment. For characterizing the population distribution of pharmacokinetic determinants and tissue dose of chemicals, Bayesian statistical approaches are
particularly relevant. Some recent work developed population distribution of tissue
dose of chemicals using physiologically-based pharmacokinetic (PBPK) models and
Markov Chain Monte Carlo (MCMC) simulation. The objective of the present

study was to conduct Bayesian analysis of the inhalation pharmacokinetics of
MTBE in humans. The approach consisted of the use of MCMC simulation in a
PBPK model, for computing posterior distributions parameters based on prior information on physiological and physicochemical data, as well as experimental data
on the inhalation pharmacokinetics of MTBE and its metabolite tert-butanol
(TBA) in humans. Previously published data on blood concentrations of MTBE
and TBA in 10 subjects exposed to 5-50 ppm of MTBE performing light workload
(50W) were retrieved. The MTBE PBPK model with the prior information and experimental data was compiled in MCSim(version 5.0.0). The distribution of blood
concentrations of MTBE and TBA, obtained with the resulting model, was comparable with the individual-specific experimental values. The convergence of the posterior estimate on the sensitive parameters (cardiac output, alveolar ventilation, intrinsic clearance of MTBE and TBA, TBA volume of distribution) was obtained
after 20000 iterations. Monte Carlo simulations were then conducted using the
PBPK model with the posteriors. These simulations indicated that the ratio of 50th
and 95th percentile values of the area under the blood concentration vs time curve
for MTBE and TBA was within a factor of 2. The estimated parameter distributions should be useful for characterizing population MTBE internal dose for risk
assessment.(Support by Swedish Council for Working Life and Social Research)

2383

EVALUATION OF MULTIPLE PHARMACOKINETIC
MODELING STRUCTURES FOR
TRICHLOROETHYLENE

M. Okino1, M. V. Evans2, F. W. Power1, W. A. Chiu3, J. C. Lipscomb4, J. N.
Blancato5 and C. Chen3. 1NERL, USEPA, Las Vegas, NV, 2NHEERL, USEPA,
Research Triangle Park, NC, 3NCEA, USEPA, Washington DC, DC, 4NCEA,
USEPA, Cincinnati, OH and 5NCCT, USEPA, Research Triangle Park, NC.
Recent studies have highlighted biological processes that may affect the absorption,
distribution, metabolism and excretion (ADME) of trichloroethylene (TCE) and
its metabolites. These processes include plasma binding of metabolites, enterohepatic recirculation of metabolites, diffusion-limited distribution, fractional uptake of
TCE in the lung, and production and circulation of minor, but toxicologically relevant, metabolites. Many of these processes and pathways are not included in standard physiologically-based pharmacokinetic (PBPK) models of TCE. Existing
models that incorporate an alternative structure have largely focused on a specific
pathway and set of data; however, the impact of these ad hoc implementations on
dose metrics has not been evaluated systematically. A ‘base’ PBPK was developed
for TCE, and the simulations were evaluated against published data and several
dose metrics were calculated. The structure of the model was changed to incorporate the alternative pathways, and the evaluation of the dose metrics and simulation of data were compared to the base case. This investigation is analogous to a
sensitivity analysis of model parameters in that it provides a systematic evaluation
of the influence of various pathways and processes in the mathematical modeling
of TCE ADME.
Although this work was reviewed by EPA and approved for publication, it may not
necessarily reflect official Agency policy.

2384

ACCELERATOR MASS SPECTROMETRY AS A TOOL
FOR METABOLITE PROFILING STUDIES USING
AMBIENT LEVELS OF RADIOACTIVITY

B. Faulkner1, 4, B. W. Wilson1, B. L. Lasley2, J. S. Vogel3 and S. R. Dueker4.
1
Environmental Toxicology, University of California, Davis, CA, 2Population and
Reproductive Biology, University of California, Davis, CA, 3Lawrence Livermore
National Laboratory, Livermore, CA and 4Vitalea Science Inc., Davis, CA.
Radiocarbon tracers provide the specificity for revealing the biological fate of a
drug, xenobiotic, or endogenous molecule. However, long-lived isotopes as 14C are
inefficiently detected by decay counting methods, detracting from the value afforded by this specificity. Accelerator Mass Spectrometry (AMS) solves this through
direct counting of 14C atoms. As a result, AMS can be used to conduct metabolic
studies down to the attomole (amol) level. In this study, we characterized the metabolism of [14C]testosterone in male Japanese quail, with the aim to record the
dose retention/excretion behavior by mass balance and develop a metabolic profile.
Japanese Quail (n=4) were injected IM with 15 DPM of [14C]testosterone.
Cumulative fecal/urates were collected over 72 hours, and the 14C contents were
determined by AMS. Aliquots of the 0-2 hr post dose fractions were fractionated by
HPLC and one-min eluent fractions were collected in a tributyrin carbon diluent
and analyzed for 14C contents above background by AMS to determine the metabolic profile. AMS quantified 14C metabolites down to the low amol range, representing a 5-order of magnitude improvement in sensitivity over traditional radiometric detectors. Balance data show that exogenously delivered testosterone is
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completely eliminated after 72 hr, and HPLC-AMS showed at least seven chemically distinct metabolites, with about 10% of the 14C associated with the intact
parent compound. The AMS measurement is precise to < 3% imprecision at amol
levels, and is largely free of matrix effects, facilitating metabolite studies using ambient levels of radioactivity.

2385

A COMPARISON OF WHOLE BLOOD, PLASMA AND
SERUM EVALUATIONS FOR THE DETERMINATION OF
PERFLUOROOCTANESULFONATE (PFOS),
PERFLUOROOCTANOATE (PFOA), AND
PERFLUOROHEXANESULFONATE (PFHS) IN HUMAN
SUBJECTS

D. Ehresman1, J. Froehlich2, G. Olsen1, S. Tanaka1 and J. Butenhoff1. 13M
Company, St. Paul, MN and 2University of California, Davis, CA.
Perfluorinated alkyl acids have been reported in samples of human serum, plasma,
and whole blood (WB); although, no previous study has evaluated the relative distribution of these acids between these matrices or the effect of use of different anticoagulants for WB and plasma on analytical methodology. This study investigated
the differential distribution of perfluorooctanesulfonate (PFOS), perfluorooctanoate (PFOA), and perfluorohexanesulfonate (PFHS) between human blood matrices, including blood cellular components, using both EDTA and lithium heparin
(LH) for WB and plasma collections. Sample tubes were drawn sequentially from a
single venipuncture site from each of 18 volunteer fluorochemical production
workers during medical surveillance testing. Cellular components were washed 3
times and resuspended in saline to a volume equivalent to whole blood. Solid Phase
Extraction was used for sample preparation. Analyses were completed using
HPLC/MS/MS. The mean serum concentration of PFOS, PFOA, and PFHS were
141, 1046, and 47 ng/mL, respectively. The mean plasma concentrations of PFOS
were 144 (LH) and 141 ng/mL (EDTA). The mean WB concentrations of PFOS
were 68 (LH) and 69 (EDTA) ng/mL. The mean plasma and WB concentrations of
PFOA were 1039 and 535 ng/mL, respectively, for both anticoagulants. The mean
plasma concentrations of PFHS for WB and plasma were 19 and 44 ng/mL, respectively, for both anticoagulants. Plasma and serum values were within 1% for
PFOA and PFOS and 6% for PFHS. WB concentrations were approximately one
half the respective serum and plasma concentrations, regardless of the compound or
anticoagulant. Cellular components did not contain the compounds at the detection limit. These data suggest that the compounds are not associated with cellular
components and that serum and plasma samples are essentially equivalent, regardless of anticoagulant.

2386

DEVELOPMENT OF A SPME-HEADSPACE METHOD
FOR TISSUE ANALYSIS AND DISPOSITION OF
SELECTED JP-8 HYDROCARBONS IN RATS EXPOSED
TO JP-8 VAPOR

J. L. Campbell, M. Ortiz-Serrano, L. Myers, E. McLanahan, M. Henderson
and J. Fisher. Environmental Health Science, University of Georgia, Athens, GA.
We have developed a solid phase microextraction (SPME) method for the analysis
of tissue concentrations of selected hydrocarbons in rats exposed to JP-8 vapor as
well as JP-8 aerosol/vapor. The SPME fiber is used to concentrate the components
in the headspace above the tissue, thus resulting in significant decreases in our ability to quantify individual components. After addition of 1.0 ml of blood, 0.5 g of
liver or brain, or 0.2 g of fat, 3.0 ml of salt water (33%) and 1 µl of hydrocarbon
standard mix or 1 µl of internal standard mix (150 µg/ml) were added to a 10 ml
headspace vial. Samples were analyzed with a CombiPal equipped Varian 3800GCSaturn 2000 ion trap MS system using a 100 µm PDMS fiber. Limits of quantification varied from 1.95 ng/vial to 7.8 g/vial depending on chemical class and carbon content of the component with decreasing limits of quantification for higher
carbon numbers and substituted benzenes. JP-8 inhalation studies with rats were
carried out in a 31 L leach chamber exposure system. Rats were exposed to JP-8
vapor generated with a bubbler and diluted with room air. Rats were exposed for 4
h to JP-8 vapor at 1411 mg/m3. Individual hydrocarbon concentrations ranged
from a high of 187 mg/m3 (nonane) to 1.98 mg/m3 (tridecane). Animals were sacrificed at the end of exposure and 0.5 h post-exposure. Whole blood, liver, and fat
were analyzed for alkanes (C9 – C13), 1,2,3-, 1,2,4-, and 1,3,5-trimethylbenzene,
m-, p-, and o-xylene, o-ethyltoluene, and propyl- and butyl-cyclohexane.
Concentrations in blood at the end of exposure ranged from 444 ng/ml (m-xylene)
to 20 ng/ml (tridecane). In the liver, hydrocarbon concentrations ranged from 543
ng/ml (m-xylene) to 6.0 ng/ml (tridecane). The clearance of hydrocarbons is rapid
with concentrations of all components monitored decreasing in concentration from
30 – 70% by 0.5 h post-exposure.
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REALIZING THE POWER OF LIQUID
CHROMATOGRAPHY/TANDEM MASS SPECTROMETRY
(LC/MS/MS): QUALITATIVE AND QUANTITATIVE
TOXICOLOGICAL ANALYSIS OF STEROIDS

J. A. Ferguson and J. D. Miller. Applications Laboratory, Applied Biosystems,
Framingham, MA. Sponsor: M. Lawton.
Steroids and their metabolites can be positively identified and quantified in biological matrices using the tools of tandem mass spectrometry. Tandem mass spectrometers such as triple quadru-poles, hybrid linear ion traps (incorporating triple
quadrupoles and ion traps in one instrument) and QqTOF instruments (quadrupole/time-of-flight hybrids) can be operated in multiple modes to provide information about the structure of the molecule, how much of it is in the sample, and to
confirm the identity of the analytes in a multi-component analysis.
We will show product ion spectra of several steroids and relate the spectra to their
structures. We can also use the product ions common to multiple steroids as precursors to find other steroids (such as designer steroids) or metabolites of known
steroids. The neutral losses common to mul-tiple steroids can also be used for the
same purpose. Using information-dependant acquisition (IDA), we can quantify
and confirm the identity of the suspected analyte using a library-searchable product
ion scan in a sample in real time during one LC injection.

2388

ANALYSIS OF LINEZOLID IN HUMAN EDTA K2
PLASMA BY LC/MS/MS USING AUTOMATED SPE
EXTRACTION

R. Dumas, B. Pellerin, J. Couture and F. Vallee. Bioanalytical, SFBC Anapharm
Inc., Ste-Foy, QC, Canada. Sponsor: M. Charbonneau.
Purpose. Linezolid is an antibiotic that belongs to a group of drugs called oxazolidinones. It prevents bacteria from making proteins. This causes the bacteria to die.
The purpose of this work was to develop and validate a specific and robust method
for the determination of linezolid in human EDTA K2 plasma. Methods. Linezolid
and its deuterated internal standard were extracted from human EDTA K2 plasma
using Oasis HLB extraction plates on MultiPROBE II system. Acetonitrile was
used to elute the compounds. Analysis was performed on a MDS Sciex API 3000
tandem mass spectrometer with TurboIonSpray interface. Positive ions were measured with m/z 338.5 (parent) and 296.3 (product ion) for linezolid. The chromatographic run time was 3.0 minutes on a Zorbax SB-C18 column. The mobile phase
was a mixture of type I grade water, acetonitrile and ammonium formate 5mM.
Results. This assay was validated over a nominal range of 100 to 20000 ng/mL.
Linearity over the calibration range was > 0.9982. The between-run accuracy
ranged from 98.87 to 101.15% with precision ranging from 2.56 to 3.18%. The
within-run accuracy ranged from 99.34 to 102.76% with precision ranging from
1.61 to 5.09%. The recovery of analyte and internal standard was greater than
92%. No matrix effect on quantitation was observed. Linezolid was found to be stable in human EDTA K2 plasma after 25 hours at room temperature for short term
stability, after 7 days at -20°C and -80°C for long term stability, after 58 hours at
room temperature for post-preparative stability and after 4 freeze and thaw cycles at
-20°C and 80°C. Dilution integrity and matrix selectivity were also demonstrated.
Hemolysis effect was evaluated. Conclusions. This method is accurate, reproducible and is suitable for the analysis of clinical samples.

2389

LC/MS/MS METHOD FOR THE ANALYSIS OF
MONTELUKAST IN HUMAN EDTA K3 PLASMA

E. Morin, B. Pellerin, J. Couture and F. Vallee. Bioanalytical, SFBC Anapharm
Inc., Ste-Foy, QC, Canada. Sponsor: M. Charbonneau.
Purpose. Montelukast is an oral leukotriene receptor antagonist for the treatment
of asthma and seasonal allergic rhinitis (hay fever). The purpose of this work was to
develop and validate a specific and robust method for the determination of montelukast in human EDTA K3 plasma. Methods. Montelukast and its internal standard were extracted from human EDTA K3 plasma by liquid-liquid phase extraction using a mixture of ethyl acetate/hexanes. Analysis was performed on a MDS
Sciex API 3000 tandem mass spectrometer with TurboIonSpray interface. Positive
ions were measured using MRM mode with m/z 586.3 for the parent ion and
422.1 for the product ion. The chromatographic run time was 4.5 minutes on a
Chromolith Speed Rod column. The mobile phase was a mixture of type I grade
water, methanol and ammonium formate. Results. This assay was validated over a
nominal range of 2 to 800 ng/mL. Linearity over the calibration range was >
0.9974. The between-run accuracy ranged from 96.90 to 101.39% with precision
ranging from 4.07 to 7.52%. The within-run accuracy ranged from 89.08 to
100.78% with precision ranging from 1.65 to 11.01%. No matrix effect on quantitation was observed. Montelukast was found to be stable in human EDTA K3
plasma after 23 hours at room temperature for short term stability, after 106 hours
at room temperature for post-preparative stability and after 4 freeze and thaw cycles

at -20°C and -80°C. Dilution integrity, hemolysis effect and matrix selectivity were
also demonstrated. Conclusions. This method is accurate, reproducible and was
successfully applied for the analysis of clinical samples.

2390

AUTOMATED LIQUID-LIQUID EXTRACTION AND
LC/MS/MS DETECTION FOR THE DETERMINATION
OF TACROLIMUS IN HUMAN EDTA K3 WHOLE
BLOOD
N. Jean, M. Theberge, J. Couture and F. Vallee. Bioanalytical, SFBC Anapharm
Inc., Ste-Foy, QC, Canada. Sponsor: M. Charbonneau.
Purpose. Tacrolimus belongs to a group of drugs called macrolide lactones or calcineurin inhibitors. It has similar immunosuppressant activity to cyclosporin and is
given orally or by injection to prevent organ transplantation rejection. The purpose
of this work was to develop and validate a specific and robust method for the determination of tacrolimus in human EDTA K3 whole blood. Methods. Tacrolimus
and its internal standard were extracted from human EDTA K3 plasma by liquidliquid phase extraction using methyl-ter-butyl ether. Transfer of organic layer to 96
well collection plate was handled by MultiPROBE II system. Analysis was performed on a MDS Sciex API 3000 tandem mass spectrometer with TurboIonSpray
interface. Positive ions were measured with m/z 821.5 Çfor the parent ion and
768.4 for the product ion. The chromatographic run time was 2.0 minutes on a
heated Zorbax Eclipse XDB-C18 column. The mobile phase was a mixture of type
I grade water, acetonitrile, ammonium formate 2mM and 0.1% formic acid.
Results. This assay was validated over a nominal range of 0.25 to 50 ng/mL.
Linearity over the calibration range was > 0.9977. The between-run accuracy
ranged from 98.26 to 100.81% with precision ranging from 3.46 to 5.08%. The
within-run accuracy ranged from 94.67 to 101.92% with precision ranging from
2.48 to 4.38%. The recovery of analyte and internal standard was greater than
92%. No matrix effect on quantitation was observed. Tacrolimus was found to be
stable in human EDTA K3 whole blood after 26 hours at room temperature for
short term stability, after 6 days at -20°C and -80°C for long term stability, after
110 hours at room temperature for post-preparative stability and after 4 freeze and
thaw cycles at -20°C and -80°C. Dilution integrity and matrix selectivity were also
demonstrated. Conclusions. This method is accurate, reproducible and was successfully applied for the analysis of clinical samples.

2391

LC/MS/MS METHOD FOR THE ANALYSIS OF
ENTACAPONE IN HUMAN EDTA K3 PLASMA
A. Beaulieu, M. Marcoux, J. Couture and F. Vallee. Bioanalytical, SFBC
Anapharm Inc., Ste-Foy, QC, Canada. Sponsor: M. Charbonneau.
Purpose. Entacapone is an inhibitor of catechol-O-methyltransferase (COMT). It
is used in combination with levodopa and carbidopa to treat the symptoms of
Parkinson’s disease. Entacapone helps the levodopa and carbidopa work better by
allowing more of it to reach the brain, where it has its effects. The purpose of this
work was to develop and validate a specific and robust method for the determination of Entacapone in human EDTA K3 plasma. Methods. Entacapone and its
deuterated internal standard were extracted from human EDTA K3 plasma by liquid-liquid extraction using methyl-ter-butyl ether. Analysis was performed on a
MDS Sciex API 3000 tandem mass spectrometer with TurboIonSpray interface.
Positive ions were measured using MRM mode with m/z 306.3 for the parent ion
and 233.0 for the product ion. The chromatographic run time was 2.5 minutes on
a Zorbax SB-C18 column. The mobile phase was a mixture of type I grade water,
methanol and ammonium formate 1mM, pH 3.5. Results. This assay was validated
over a nominal range of 10 to 2000 ng/mL. Linearity over the calibration range was
> 0.9986. The between-run accuracy ranged from 97.91 to 102.39% with precision
ranging from 3.20 to 4.53%. The within-run accuracy ranged from 93.50 to
100.63% with precision ranging from 3.04 to 4.38%. No matrix effect on quantitation was observed. Entacapone was found to be stable in human EDTA K3
plasma after 12 hours at room temperature for short term stability, after 3 days at 20°C and -80°C for long term stability, after 91 hours at room temperature for
post-preparative stability and after 4 freeze and thaw cycles at -20°C and -80°C.
Dilution integrity, hemolysis effect and matrix selectivity were also demonstrated.
Conclusions. This method is accurate, reproducible and was successfully applied
for the analysis of clinical samples.

2392

CHARACTERIZATION OF COMPOUND-INDUCED
HEPATOTOXICITY USING GENE EXPRESSION
PROFILING IN RAT PRIMARY HEPATOCYTES
G. Day1, L. Brady1, T. P. Ryan2, G. H. Searfoss2, R. H. Jolly2, K. Goldstein2,
B. Eynon1, M. Fielden1, J. Ferng1, S. Fujimoto1, K. Jarnagin1, K. Kolaja1 and
D. N. Halbert1. 1Iconix Pharmaceuticals, Inc., Mountain View, CA and 2Lilly
Research Laboratories, Indianapolis, IN.
Toxicity studies on drug candidates are traditionally conducted in animal models
requiring large amounts of compound, significant time and animal resources, and
are therefore not amenable to early compound screening. To address this need, we

have developed a predictive in vitro toxicogenomic database by treating rat primary
hepatocytes with therapeutics and prototypical toxicants. Gene expression data
from this DrugMatrix® database has been collected and mined for biomarkers of
in vivo biological outcomes, termed in vitro Drug Signatures®. Screening in hepatocytes using in vitro Drug Signatures can be performed in short timeframes with
mg quantities of drug, predicting animal toxicities that take up to 30 days to manifest in vivo. In an evaluation of the database, gene expression was analyzed for the
blinded Compound B after 12 and 24 hours of exposure to a TC20 dose in rat primary hepatocytes. Using in vitro Drug Signatures, Compound B was predicted to
cause steatosis and necrosis in vivo. This prediction was confirmed in subsequent in
vivo studies. Based on the observed gene expression changes, the predicted steatosis
was most likely a consequence of the fatty acid beta-oxidation inhibition coupled
with the induction of oxidative stress, leading to an accumulation of hepatic
triglycerides and causing mitochondrial dysfunction. These observations provide a
mechanistic explanation for matches to the signatures predicting steatosis and
necrosis for Compound B and demonstrate that in vitro toxicogenomics in rat primary hepatocytes is a valuable tool for the characterization of compound-induced
liver toxicity.

2393

CHARACTERIZATION OF ALTERATIONS IN RAT LIVER
MICROARRAY DATA INDUCED BY TISSUE HANDLING

P. Pine1, B. A. Rosenzweig1, Y. Turpaz2 and K. Thompson1. 1CDER, USFDA,
Silver Spring, MD and 2Affymetrix Inc., Santa Clara, CA.
The reliability and comparability of microarray data is contingent on the use of
consistent high quality RNA. Tissue handling can introduce differences in the relative composition of RNA without significantly affecting standard sample quality
metrics. To identify which transcripts are most sensitive to tissue handling, rat liver
samples with a progressive and systematic change in RNA integrity were generated
by thawing frozen samples on ice or by ex vivo incubation at 37C and run on
Affymetrix RAE230A arrays. Initial focus was placed on the transcripts whose signals changed in proportion to RNA Integrity Number (RIN) and showed a statistically significant difference between control (RIN 9.5) and moderately degraded
(RIN 8) samples generated with freeze/thaw. Transcripts that had the greatest increase, decrease, or invariance in signal across samples as a function of RIN were
identified and characterized by location of the corresponding probe set on the exemplar RNA sequence. The distance between the 5’-most probe pair to the 3’-end
of the exemplar transcript showed a distinctive range for each class. The probes
identified as most sensitive to RNA integrity are susceptible to false categorization
in expression analyses. Additionally, these probes have potential use in a metric
based upon rank-order correlation that could serve as an indicator of rat liver RNA
sample quality in addition to or in the absence of other quality metrics in the review
and use of microarray data received from outside sources.

2394

PROTEOMIC AND METABONOMIC
CHARACTERIZATION OF THE EFFECTS OF A GPROTEIN COUPLED RECEPTOR ANTAGONIST IN
RAT LIVER

J. M. Morsman, N. Bowen, S. J. Byard and V. A. Baker. Sanofi-Aventis, Alnwick,
Northumberland, United Kingdom. Sponsor: A. Roberts.
Proteomic and metabonomic technologies offer potential for elucidating mechanisms of toxicity and providing early, predictive, non-invasive screens. Using these
approaches, the biological response of rats to a G-protein coupled receptor antagonist (compound X) with known hepatobiliary toxicity has been studied. Sprague
Dawley rats were exposed to compound X at doses of 0, 100 and 500 mg/kg by oral
gavage for 2, 7, 14 or 28 days. Plasma and urine samples were collected for clinical
pathology and metabonomic analyses, and livers removed for histopathological,
proteomic, metabonomic and transcriptomic analyses. Proteomic analysis of liver
samples was performed using 2D-gel electrophoresis and mass spectrometry. A
number of differentially expressed proteins were detected and identified, some of
which are known to be involved in liver toxicity. Expression changes in xenobiotic
metabolizing enzymes (e.g. GSTα & GSTµ) and stress response proteins (e.g.
HSP60 & HSP70) were consistent with transcriptomic changes. In addition, a
number of proteins involved in the urea cycle (e.g. carbamoyl-phosphate synthetase), citrate cycle (e.g. pyruvate carboxylase), energy and amino acid metabolism (e.g. glutamate dehydrogenase) were modulated. α-enolase, a glycolytic enzyme strongly expressed in biliary epithelial cells and linked to cholangitis, was
down-regulated. SELDI-ToF MS also revealed a number of time- and dose-dependent protein changes in samples profiled across a range of chromatographic
ProteinChip® arrays (Ciphergen). Metabonomic analysis of plasma using 1H-NMR
indicated an increase in glucose (consistent with clinical chemistry measurements)
and a reduction in lipids; changes also demonstrated using Magic Angle Spinning
(MAS) NMR of liver tissue. Analysis of urine indicated changes in 2-oxoglutarate
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and citrate consistent with the modulation of amino acid and energy metabolism.
Multivariate analysis of proteomic and metabonomic data allowed the discrimination of samples according to group, and the identification of potential biomarkers.

2395

PROTEOMIC ANALYSIS OF RAT LIVER FOLLOWING
CHRONIC TREATMENT WITH TAMOXIFEN AND
PHENOBARBITAL

R. Edmondson, R. C. Jones, R. D. Holland, J. T. Taylor, S. Thyparambil and Y.
P. Dragan. Division of Systems Toxicology, NCTR, Jefferson, AR.
Female Fischer F344 rats were dosed with phenobarbital (500 mg/kg diet) or tamoxifen (500 mg/kg diet) for 6 months prior to sacrifice; a common group of non
dosed animals served as control for both studies. Livers from sacrificed animals were
excised and homogenized. Because in-depth proteomic analysis (40 hours of Mass
Spectrometry instrument time per sample) is not feasible for each individual animal
in the study, control and treated animals were each pooled and a global proteomic
analysis was performed in triplicate to provide an overview of the most significant
protein changes in the two groups, relative to the control group. Proteins were first
separated by SDS-PAGE and Coomassee stained, then the entire lane was excised
into 40 bands and each subjected to an in-gel trypsin digestion. The resulting peptide pools were analyzed using LC/MS/MS on a Thermofinnigan LCQ Deca XP.
The mass spectrometry data was searched using MASCOT and peptide / protein
information was filtered and compiled using ProteinTrack, software developed inhouse. On average, 1300 proteins were identified with high confidence from each
SDS-PAGE lane. Although no specific enrichment was performed for cytochrome
P450s (i.e. microsomal isolation) a large number of P450s were identified and
shown to exhibit significant changes. Several proteins that demonstrated the greatest increase upon treatment (CYP2A1, CYP2B1, CYP2C6, CYP3A3) as well as
some that did not appear to change or were slightly less abundant upon treatment
(CYP2D2, CYP2E1) were selected and a dedicated quantitiaton was performed for
these specific proteins on each individual animal in the study. Quantitation was
performed using tryptic peptides generated by in-solution digestion utilizing multiple reaction monitoring (MRM) on a triple quadrupole mass spectrometer. Five
tryptic peptides were used for the abundance measurement of CYP2B1 and the levels were found to be ~300 times higher in the phenobarbital vs control animals, illustrating the wide dynamic range that can be measured by this technique.

2396

IRON HOMEOSTASIS IN DIETHYLNITROSAMINEINDUCED MOUSE LIVER TUMORS

D. Ryu1, E. Jung1 and J. Park2. 1Research Institute for Veterinary Science, College of
Veterinary Medicine, Seoul National University, Seoul, South Korea and 2College of
Medicine, Chungang University, Seoul, South Korea.
A chemically-induced mouse liver tumor model was used to study the regulation of
iron homeostasis in liver tumors. Twelve-day old male C3H mice exposed to diethylnitrosamine (DEN) developed liver tumors at the age of 6-8 months. The
concentrations of iron were 50% lower in liver tissues containing tumors than in
corresponding liver tissues from age-matched controls. During tumor development, the level of serum ceruloplasmin (Cp), a ferroxidase that plays a role in cellular iron uptake, increased until its level was 100% higher than in the controls. The
increased Cp activities in the serum were found to be due to increased transcription
of the Cp gene in the liver. At the same time, the level of metallothionein 1 (MT1)
mRNA increased in the liver tumors. Iron exporter MTP1 mRNA was down-regulated in liver tumors, while iron importer DMT1 expression was unaffected. While
transferrin receptor 1 (Tfr1) expression was unaffected, hepcidin, a liver-produced
peptide that has been proposed to regulate intestinal iron absorption and iron recycling by macrophage, was significantly down-regulated in the liver tumors.
Considering the central role of hepcidin, this might suggest that a decrease in hepcidin elicits systemic changes in iron homeostasis. Taken together, our results indicate that liver tumor tissues regulate iron regulatory proteins to compensate for cellular iron deficiency.

2397

EFFECT OF METHAPYRILENE, A MODEL
HEPATOTOXICANT, ON HEPATIC GENE EXPRESSION
IN THE RAT

R. Forster, R. El Gana, S. Arthaud, C. Fisch, S. Leuillet, S. de Jouffrey and P.
Ancian. CIT, Evreux, France.
Microarray analysis of the whole transcriptome offers a powerful new tool in toxicology for the elucidation of toxic mechanisms and toxicant profiling. We report
here on the effects of treatment with methapyrilene, a model hepatotoxicant, on hepatic gene transcription in the rat. Male Sprague-Dawley rats were treated daily by
oral gavage with 0, 30 or 100 mg/kg/day methapyrilene. Liver samples were taken
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from animals sacrificed 3 hours after dosing on Days 1, 3 & 7 and were snap frozen.
Blood biochemistry investigations were performed on blood samples taken at sacrifice and histopathology was performed on liver samples from all animals. Total
RNA was extracted from the liver samples using a combined Trizol/RNeasy method
and the integrity of samples was analysed using an Agilent 2100 Bioanalyzer.
Transcriptional profiles were analysed using Affymetrix Genechip® Rat Genome
230 2.0 arrays. Methapyrilene treated groups were compared to their respective
controls at days 1, 3 and 7. Transcripts with at least a 2-fold modulation factor and
with a p value lower than 0.05 were selected. A total of 90 transcripts were found to
be modulated by methapyrilene treatment on Day 1 (3 hours after treatment) and
830 transcripts on day 7. The modulated transcripts are involved in cell cycle regulation, detoxification, stress response, lipid peroxidation/fatty acid transport and
metabolism. Hierarchical clustering and principal component analysis were successful in classifying samples in agreement with clinical biochemistry and
histopathology. Transcript data from this experiment correlated with the
histopathological observations, and was consistent with current concepts of
methapyrilene-induced toxicity.

2398

2D-DIGE:A LARGE SCALE PROTEOMIC ANALYSIS OF
GENDER DIFFERENCES IN NAFLD

C. J. Broccardo and D. R. Petersen. Pharmaceutical Sciences, UCDHSC, Denver, CO.
Nonalcoholic fatty liver disease or NAFLD is emerging as one of the most common
forms of liver disease. NAFLD progression is similar to alcoholic liver disease, and
female susceptibility to increased liver injury is likely. The aim of this research is to
establish a proteomic signature of the relationship between gender, Kupffer cell responsiveness, and progression of NAFLD as induced by a high-fat diet. Our experimental approach employed 2D-DIGE (2D Difference In Gel Electrophoresis) to
detect differential protein expression. Such a proteomics approach is desirable as
differential gene expression is not always indicative of actual protein changes in the
cell. Using this approach, protein from the control and treatment group were labeled with a modified form of Cy3 or Cy5. A major advantage of this technique
was the ability to generate an internal standard, which was crucial in normalizing
spots on the 2D gel. This standard was a mixture of all of the samples to be analyzed
and was labeled with Cy2.The labeled samples from the control, treatment, and internal standard were combined and underwent isoelectric focusing (pH range 3-10)
to separate the proteins in the first dimension. The focused sample was separated by
molecular weight in the second dimension using SDS-PAGE. Fluorescent spots on
the gel were imaged and software assisted in identifying differentially expressed proteins. These proteins can then be picked from a gel and identified using LCMS/MS. These responsive proteins provide data for further hypothesis generation.
2D-DIGE has been validated in our lab by the analysis of primary rat liver Kupffer
cells exposed to 500 ng/ml lipopolysaccharide or media for 16 h. Approximately
400 spots were identified and more than half of them showed an increase due to
LPS treatment while the remaining spots were either unchanged or decreased due
to LPS. Identification of the differentially expressed proteins and 2D-DIGE analysis of Kupffer cells from rats exposed to a high-fat diet is currently underway.
(Supported by NIH RO1 AA 09300)

2399

THE INFLUENCE OF KUPFFER CELL/HEPATOCYTE
INTERACTION ON ETHANOL AND ENDOTOXININDUCED HEPATOTOXICITY AND GENE EXPRESSION
IN VITRO

A. J. Winkley1, 2, C. J. Powell1 and J. K. Chipman2. 1Safety Assessment,
GlaxoSmithKline, Ware, United Kingdom and 2School of Biosciences, University of
Birmingham, Birmingham, United Kingdom.
Evidence suggests that Kupffer cells (KC) (liver macrophages) can increase the toxicities of certain compounds towards hepatocytes. This study aimed to understand
better the role of KC in modulating hepatotoxicity in vitro [and associated gene expression] in response to ethanol and endotoxin. Ethanol (300mM), endotoxin
(100pg/ml) and a combination of the two were added to primary rat hepatocyte
cultures in the presence of different numbers of primary KC (1:0/10:1/3:1 hepatocyte:KC ratio). The study focused on the biochemical and gene expression changes
that occurred within the first 24 hr of treated culture (1,3,6 and 24 hr). Reduced
glutathione and intracellular ATP concentrations were lowered within 24hr. This
reduction was enhanced and occurred more rapidly for each treatment depending
on the level of KC incorporated. Furthermore, after 24hr of culture with each treatment, the production of lipid hydroperoxide was enhanced by KC presence. Cell
death was less than 10% for each treatment at 24 hours measured by LDH leakage.
Gene transcription analysis was undertaken with each treatment/time point/cell
ratio using an Affymetrix custom-arrayed rat oligochip (8450 genes). Gene expression analysis was done using an unbiased approach of combining filtered data
(genes flagged as present with 2-fold change GeneSpring®) with gene ontology
(GO) (GoStat®). Identified GO terms, specifically in mixed cell cultures (i.e. not

modulated in hepatocyte mono-cultures), in response to the three treatments included alterations in peroxisome function, electron transport and the inflammatory
response. In addition many metabolic functions were modulated including amine,
co-factor, sterol and sulphur metabolism. These pathways are currently being validated by RT-PCR. Together these data reveal potential new pathways of ethanol
and endotoxin toxicity and may illuminate mechanisms by which KC modulate
some hepatotoxins.

2400

ALTERED HEPATIC AND RENAL EFFLUX TRANSPORT
IN DIET-INDUCED MODELS OF NON-ALCOHOLIC
FATTY LIVER DISEASE

A. Lickteig1, C. D. Fisher1, L. M. Augustine1, L. M. Aleksunes2, D. G.
Besselsen1, A. Bhattacharyya1, J. E. Manautou2 and N. J. Cherrington1.
1
Pharmacology and Toxicology, University of Arizona, Tucson, AZ and
2
Pharmaceutical Sciences, University of Connecticut, Storrs, CT.
Non-alcoholic fatty liver diseases (NAFLD) comprise a spectrum of disorders that
range from simple fatty liver (SFL) to non-alcoholic steatohepatitis (NASH). The
precise events leading from SFL to NASH are unclear. Efflux transporters are responsible for the excretion of numerous xenobiotics and endobiotics, and thus serve
an essential role in normal liver function. Accordingly, this study was designed to
determine the effects of SFL and NASH on efflux transporter expression and acetaminophen (APAP) disposition. Sprague-Dawley rats were fed a high-fat (SFL
model) or a methionine- and choline-deficient diet (NASH model) for 8 weeks.
H&E staining revealed significant steatosis in both models (NASH >> SFL), while
fibrosis was found only in NASH. In NASH, hepatic Mrp3 and Mrp4 mRNA were
significantly increased while Mrp6 and Bsep were decreased relative to control. In
SFL, Mrp6 and Bsep were significantly decreased while Mrp5 was increased relative
to control. Additional expression changes observed in the kidney may also play a
role in urinary excretion. Since Mrps are known to transport APAP metabolites,
APAP disposition was investigated to determine the effect of SFL and NASH on
hepatobiliary diposition. Rats were administered 1 mmol/kg APAP, and bile,
plasma and urine collected over a 60 min period. Cumulative excretion of APAPglucuronide in bile was significantly greater in SFL than in NASH rats. Conversely,
biliary APAP-mercapturic acid was significantly higher in NASH versus SFL animals. Although levels of APAP and its metabolites in plasma were not different between NASH and SFL rats, the quantity of APAP-glucuronide, -mercapturic acid,
-sulfate and APAP itself was dramatically elevated in urine of NASH relative to SFL
animals. Altered expression of xenobiotic efflux transporters during NASH and
SFL has implications in hepatobiliary disposition of xenobiotics and their metabolites. (ES07091, ES011646, DK068039)

2401

NUTRITIONAL STATUS IS A DETERMINANT OF
ETHANOL-INDUCED HEPATIC GENE EXPRESSION
DURING GESTATION

K. Shankar1, 3, X. Liu3, C. M. Skinner3, F. A. Simmen2, 3, T. M. Badger2, 3, 1 and
M. J. Ronis1, 3. 1Department . of Pharmacology & Toxicology, University of Arkansas
for Medical Sciences, Little Rock, AR, 2Department of Physiology & Biophysics,
UAMS, Little Rock, AR and 3Arkansas Children’s Nutrition Center, Little Rock, AR.
Nutritional status profoundly affects several aspects of ethanol (EtOH) metabolism
and toxicity, especially during gestation. However, the impact of undernutrition on
EtOH-induced hepatic gene expression remains unclear. To understand the molecular changes underlying EtOH-undernutrition interactions, time-impregnated rats
were studied between gestation days 6-15. Rats were fed diets with or without
ethanol (12 g/kg/d) at either adequate calories (220 kcal/ kg3/4/d) or 30% less calories (160 kcal/ kg3/4/d) via intragastric infusion. Microarray analyses (RGU34A
GeneChip) of maternal hepatic gene expression on GD15 revealed 369 genes were
altered in undernourished EtOH-fed rats as compared to 37 genes in rats fed
EtOH-containing diets with adequate calories (+2-fold, p <0.05). Furthermore 369
genes were altered (+2-fold, p <0.05) by undernutrition alone. Of these, 203 genes
were common between the changes by undernutrition per se and those by EtOH
during undernutrition. Despite isocaloric intakes of diets, EtOH consumption appeared to strikingly reverse the gene expression changes due to undernutrition per
se. Hierarchical clustering and GO analysis revealed families of electron transport,
transcriptional regulators, protein biosynthesis and carbohydrate and lipid metabolism were affected in the undernutrition group and reversed by EtOH intake.
Genes involved in fatty acid biosynthesis (fasn, steroyl-coA desaturase, hmgcr), peroxisomal oxidation (pex6) and insulin-responsiveness (C/EBP-beta, srebp-1, insig1) were down-regulated by undernutrition, but restored in EtOH-treated, undernourished rats. Undernutrition-induced gluconeogenic genes, pepck and
glucose-6-phosphate dehydrogenase remained unchanged following EtOH consumption. These data suggest that EtOH-induced changes in hepatic gene expression during gestation are dramatically altered by nutritional status. Supported in
part by R01 AA12819 (MJR).

2402

GENDER DIFFERENCES IN LIVER IL-6 RECEPTOR
EXPRESSION IN ALCOHOL CONSUMING RATS

R. Gallucci, B. Mickle and L. Reinke. Pharmaceutical Sciences, OU Health Sciences
Center, Oklahoma City, OK.
It is well known that the susceptibility of women to alcoholic liver disease is higher
than that of men. While increased circulating IL-6 is a marker for serious ALD in
humans, it also has protective effects such as induction of liver regeneration and inhibition of hepatocyte apoptosis. While the roles of IL-6 in ALD have begun to be
established, little is known about the expression of its receptor (IL-6Rα) during
chronic alcohol administration. Herein we show that chronic ethanol consumption
(via intragastric feeding) significantly induces liver IL-6Rα expression in female but
not male rats. Genomics (Atlas Rat 1.2 nylon array) and RT-PCR analysis performed on rat liver samples, showed that ethanol consumption significantly increased IL-6Rα expression in females but not males after two and four weeks.
Examination of mRNA via RT-PCR and protein via ELISA indicated that receptor
levels were significantly higher in females after two and four weeks of feeding.
Increased STAT3 phosphorylation in the livers of ethanol consuming females also
indicated greater IL-6R activation in these animals. Conversely, ethanol-consuming
males displayed increased IkB expression as compared to females, which may lead
to decreased IL-6R expression. Additionally, since it is known that ALD is associated with gut derived bacterial cell wall components, the effects of sex steroids on
LPS induced IL-6R expression were assessed utilizing the mouse hepatocyte cell
line, Hepa-1. Interestingly, it was found that testosterone decreased LPS induced
IL-6R in Hepa-1 cells in a dose response manner. Given the association of inflammation with ethanol induced liver damage, these data may offer a possible mechanism by which females develop more severe ALD as compared to males.

2403

CHRONIC FEEDING ALCOHOL-CONTAINING DIETS
VIA TOTAL ENTERAL NUTRITION INDUCES
ALCOHOL DEHYDROGENASE (ADH) AND INSULIN
RESISTANCE

T. M. Badger1, 3, L. He1, 3, F. A. Simmen1, 3 and M. J. Ronis2, 3. 1Physiology &
Biophysics, University of Arkansas for Medical Sciences, Little Rock, AR,
2
Pharmacology & Toxicology, University of Arkansas for Medical Sciences, Little Rock,
AR and 3Arkansas Children’s Nutrition Center, Little Rock, AR.
Induction of Class 1 ADH occurs in rats fed alcohol chronically and we have reported that C/EBPs and SREBP-1 are important signaling factors in this process.
Chronic alcohol intake in humans can result in alcohol-induced diabetes. We have
studied insulin signaling pathways in adult male Sprague-Dawley rats (300 g) fed
alcohol-containing diets for more than 25 days (n = 6/group). A single intragastric
cannula was surgically inserted into each rat and they were allowed to recover for 10
days. Rats were fed by total enteral nutrition (TEN) using published diets formulated to provide the nutrients necessary for normal growth and development of the
male Sprague-Dawley rat. Ethanol was substituted for carbohydrate to keep the
control and ethanol diets isocaloric and ethanol was infused at 10-12 g/kg/d, which
resulted in pulsatile blood ethanol concentrations (BECs) typical of intragastricallyinfused rats (between 0 and 500 mg/dl). All rats gained weight and appeared
healthy and active. We found chronic alcohol induced hepatic ADH (mRNA, protein and activity, P<0.05) and decreased (P<0.05) expression of hepatic SREBP-1,
but serum insulin did not differ between groups. Furthermore, phosphorylated
Akt-Thr308 was decreased (P<0.05) in hepatic whole cell lysates of ethanol-fed
rats. Studies also demonstrated that ethanol-treated rats had reduced (P<0.05)
membrane associated Akt and increased (P<0.05) cytosolic Akt. These results suggest that chronic ethanol feeding to rats impairs insulin signaling and results in insulin resistance, perhaps by preventing translocation of Akt to the membrane and
subsequent phosphorylation. (Supported by R01 AA08645).

2404

SREBP-1 DOES NOT MEDIATE ALCOHOLIC STEATOSIS
IN A RAT FEEDING MODEL

B. Stewart and D. R. Petersen. Department . of Pharmaceutical Sciences, University.
of Colo. at Denver & Health Sciences Center, Denver, CO.
Chronic ethanol consumption results in hepatosteatosis, a condition characterized
by lipid droplet accumulation in hepatocytes. Previous reports have suggested that
chronic ethanol consumption may upregulate sterol regulatory element-binding
protein-1 (SREBP-1) and inhibit peroxisome proliferator-activated receptor-α
(PPARα). Male Harlan Sprague-Dawley rats were pair-fed an ethanol/high fat
modified Lieber-DeCarli diet or control diet containing equivalent carbohydratederived calories for 90 days. The ethanol diet consisted of 35% ethanol-derived
calories, 45% fat-derived calories, and 16% protein. Animals were sacrificed and
plasma was collected for alanine aminotransferase (ALT) assays. Sections of the caudate and median lobes of the liver were obtained and prepared for hematoxylin and
eosin staining or immunostaining with antibodies for 4-hydroxynonenal (4-HNE)
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protein adducts and cytochrome P450 2E1 (CYP2E1). Livers were perfused with a
collagenase buffer and hepatocytes were isolated. Nuclear fractions were purified
and used for immunoblotting experiments to detect nuclear SREBP-1 and PPARα
levels. EMSAs were performed with the sterol regulatory element (SRE-1) consensus sequence to compare SREBP-1 promoter binding between feeding groups.
Alcohol-induced injury was apparent by marked increases in micro- and
macrosteatosis in ethanol-fed animals. Statistically significant results include a 2fold increase in plasma ALT, a 2.5-fold increase in 4-HNE-adducted proteins, and
an 8.5-fold increase in positive CYP2E1 immunostaining in ethanol-fed animals
compared to controls. Nuclear levels of SREBP-1 and SRE-1 consensus promoter
binding were not significantly different between feeding groups. Nuclear PPARα
levels were likewise unaltered by ethanol. We conclude that SREBP-1 does not play
a significant role in this model of ethanol-induced liver injury, suggesting that
chronic ethanol consumption may mediate steatosis by a mechanism(s) other than
increased fatty acid synthesis. (Supported by NIH 1 F31 AA015821-01 and NIH
RO1 AA 09300)

2405

LIVER TOXICITY OF DICHLOROACETYL CHLORIDE
AND DICHLOROACETIC ANHYDRIDE: DIFFERENTIAL
GENE EXPRESSION IN FEMALE MRL+/+ MICE

R. Konig1, P. Cai2 and G. A. Ansari2. 1Microbiology & Immunology, UTMB,
Galveston, TX and 2Pathology, UTMB, Galveston, TX.
Trichloroethene (TCE) is an industrial chemical and environmental pollutant that
is metabolized to dichloroacetyl chloride (DCAC). TCE and its metabolites have
been implicated in the induction of organ-specific and systemic autoimmunity, in
the acceleration of autoimmune responses, and in the development of liver diseases.
The postulated mechanism of induction of autoimmunity is via acylation of selfproteins to form neo-antigens. Dichloroacetic anhydride (DCAA) is also an acylating reagent similar to DCAC. To determine the mechanisms by which the TCE
metabolite DCAC induces liver dysfunction, female MRL +/+ mice, which are susceptible to develop autoimmune disorders, were injected i.p. with 0.2 mmole/kg of
DCAC or DCAA in corn oil twice weekly for six weeks. Then, livers were excised
and RNA was isolated. Gene expression was measured following hybridization of
biotin-labeled antisense cRNA fragments to Affymetrix GeneChip® arrays. The
microarrays contained 45,000 probe sets and provided expression analysis of over
39,000 transcripts on a single array with multiple independent measurements for
each transcript. Microarray data were analyzed using the following software tools:
Affymetrix GeneChip® Suite 4.0, Significance Analysis of Microarrays (SAM;
Stanford University, CA), and analysis of variance (ANOVA). Computational hierarchical cluster analysis and principal component analysis were performed using
Spotfire DecisionSite Client 8.1 for Functional Genomics (Spotfire Inc.,
Somerville, MA). We have further determined signaling pathways affected by treatment with DCAC and DCAA. Pathways and network analysis was performed using
Ingenuity™ Pathways Analyis and the Ingenuity™ Pathways Knowledge Database
(Ingenuity, Mountain View, CA). We have confirmed differential expression of selected genes using real-time reverse-transcription PCR. Our data indicate DCAC
and DCAA differentially induce multiple inflammatory genes in the liver, suggesting inflammation as the mechanism of hepatic injury following exposure to alcylating reagents.

2406

6(5-H) PHENANTHRIDINONE ALTERATION OF
BROMOBENZENE-INDUCED HEPATOTOXICITY

K. Hall, P. Grivas, C. Muro-Cacho and R. Harbison. College of Public Health,
Univeristy of South Florida, Tampa, FL.
Previous studies have shown extensive cellular damage can activate poly(ADP-ribose) polymerase-1 (PARP-1) and cause a rapid decrease in the levels of NAD+ and
ATP, thereby preventing apoptosis and promoting necrosis and inflammation. The
purpose of this study was to extend previous observations that inhibitors of PARP1 could alter carbon tetrachloride-induced hepatotoxicity. Bromobenzene (BB) a
glutathione dependent hepatotoxicant was tested. Groups of male mice were
treated with a single dosage of 112mg/kg (0.075ml/kg) BB by the interperitoneal
(ip) route. This dosage of BB resulted in hepatotoxicity as measured by an increase
in serum alanine transferase (ALT). BB treatment resulted in a 5 fold increase in
ALT. Moderate hepatotoxicity was detected with this treatment regimen.
Subsequently, another group of mice was treated with BB and treatment with 6(5H) phenanthridinone immediately following BB treatment. The 6(5-H) phenanthridinone treatment significantly reduced both morbidity and mortality. Serum
ALT elevations were reduced by 75% at 24 hours following BB and 6(5-H)
phenanthridinone treatments. BB-induced liver pathology was also blocked by 6(5H) phenanthridinone. Mortality among BB treated animals was also significantly
reduced by 6(5-H) phenanthridinone treatment. Mortality among mice treated
with BB and 6(5-H) phenanthridinone was near control. Inhibition of PARP-1 ap-
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pears to alter chemical-induced hepatotoxicity that has either a glutathione dependent or independent mechanism. PARP-1 inhibitors may have pharmacological
application for modifying chemical-induced liver injury.

2407

AMINOPHYLLINE-INDUCED INHIBITION OF
CARBON TETRACHLORIDE-INDUCED
HEPATOTOXICITY

P. C. Grivas, K. W. Hall, C. A. Muro-Cacho and R. D. Harbison. Environmental
and Occupational Health, USF College of Public Health, Tampa, FL.
Aminophylline has been reported to inhibit the activity of poly (ADP-ribose) polymerase-1 (PARP-1), and is currently used as an anti-asthmatic medication.
Increases in PARP-I activity have been associated with chemical-induced cellular
damage. The purpose of this study was to determine whether aminophylline can
protect against free radical-mediated hepatotoxicity, as is caused by carbon tetrachloride (CCl4). Male ICR mice were administered 0.025ml/kg of CCl4. Each
treatment group had at least eight mice per comparison. CCl4-treated mice developed hepatoxicity, as evidenced by a 100–fold increase in serum alanine aminotransferase (ALT) levels. Also, a significant increase in hepatic malondialdehyde
(MDA) equivalents was measured. These effects were corroborated by histopathological findings of minimal to strong necrosis and apoptosis, the former as evidenced via hematoxylin and eosin (H&E) staining, and the latter by terminal deoxynucleotidyl transferase biotin-dUTP nick end labeling (TUNEL) and cleaved
caspase-3 staining. Administration of aminophylline reduced ALT levels roughly 80
percent, MDA levels were decreased by 70 percent and necrosis was eliminated and
treatment resulted in only slight changes in hepatocyte cytoplasm and maximum
changes were seen at 24 hours following aminophylline treatment. These studies indicate that aminophylline treatment can inhibit CCl4-induced hepatotoxicity.

2408

EFFECT OF AROMATIC SUBSTITUENTS ON 3-(3,5DICHLOROPHENYL)-2,4-THIAZOLIDINEDIONE
(DCPT)-INDUCED HEPATOTOXICITY IN RATS

N. N. Patel, C. M. Crincoli, R. Tchao and P. J. Harvison. Department . of
Pharmaceutical Sciences, University of the Sciences in Philadelphia, Philadelphia, PA.
3-(3,5-Dichlorophenyl)-2,4-thiazolidinedione (DCPT) is hepatotoxic in rats. The
thiazolidinedione (TZD) ring is also present in drugs (glitazones) that are used for
treatment of type II diabetes. These drugs have been shown to cause liver damage in
some patients. Previous studies suggested that metabolism in the TZD ring might
contribute to the hepatic damage associated with the glitazones and DCPT. Since
DCPT may be useful for investigating the potential toxicity of TZD ring-containing compounds, it is important to fully characterize its effects in rats. The present
study thus focuses on the effect of phenyl substituents on DCPT-induced hepatotoxicity. DCPT, 3-(3,5-dimethylphenyl)-2,4-thiazolidinedione (DMPT) and 3[3,5-(bistrifluoromethyl)phenyl]-2,4-thiazolidinedione (DFMPT) were synthesized and administered to male Fischer 344 rats at 0.2, 0.4, 0.6 and 1 mmol/kg, i.p.
in corn oil. Control animals received corn oil only. Liver and kidney function and
morphology were assessed at 24 hrs. Serum alanine aminotransferase (ALT) levels
were unaltered in the DFMPT-treated animals. In contrast, ALT levels in the
DCPT- and DMPT-treated rats were significantly elevated compared to controls.
There were no changes in liver or kidney weights. Histological results showed scattered hepatic necrosis in the DCPT-treated rats at the 0.6 and 1.0 mmol/kg doses
and widespread necrosis in DMPT-treated animals at all doses. Tissue sections from
the DFMPT-treated rats showed no alteration in hepatic morphology at any doses
compared to the corn oil controls. Based on ALT levels, the rank order of toxicity
was DFMPT < DCPT < DMPT, suggesting that liver toxicity may be dependent
on the phenyl ring substituents. These could influence metabolism in the TZD ring
through electronic or inductive effects. However, we cannot rule out the possibility
of alternative metabolic pathways in DMPT that could lead to a hepatotoxic
species. Further studies will be required to investigate these possibilities. Supported
by PHS grant ES012499.

2409

COMPARATIVE HEPATOTOXICITY OF 3-(3,5DICHLOROPHENYL)-2,4-THIAZOLIDINEDIONE (DCPT)
IN MALE AND FEMALE FISCHER 344 (F344) RATS

C. M. Crincoli, N. N. Patel, R. Tchao and P. J. Harvison. Department . of
Pharmaceutical Sciences, University of the Sciences in Philadelphia, Philadelphia, PA.
DCPT has consistently been shown to be hepatotoxic in male F344 rats. This compound contains a thiazolidinedione (TZD) ring, which is also present in the class of
insulin-sensitizing agents known as the glitazones. One member of this group,
troglitazone (TGZ), was withdrawn from clinical use due to reported severe hepatotoxicity, which was not seen in standard laboratory animal models. Studies sug-

gest that metabolism in the TZD ring of TGZ may contribute to its hepatotoxic
nature. We previously showed that cytochromes P450 (CYPs) are involved in
DCPT-mediated liver damage in male rats. To further explore this role, we decided
to assess DCPT toxicity in female rats, which express different hepatic CYP
isozymes than male rats (i.e. CYP3A9 versus CYP3A1/3A2, respectively). Female
and male F344 rats were therefore administered DCPT (1.0, 0.6 and 0.4 mmol/kg
i.p. in corn oil ) or corn oil only, and hepatotoxicity and nephrotoxicity were assessed 24 hours after dosing. A trend towards dose-dependent decreased liver alanine aminotransferase (ALT) levels was seen in the females, and the difference between males and females became significant at the 1.0 mmol/kg dosage. Blood urea
nitrogen (BUN) levels, liver/kidney weights, and urine volumes were not significantly different between the genders. Liver histology was consistent with the clinical chemistry data in that the females showed less hepatic damage than the males at
equivalent doses. Toxicity was characterized by areas of necrosis and neutrophil infiltration. Kidney histology showed no obvious nephrotoxicity, however, deposits of
acellular, amorphous foreign material were seen in the distal or collecting tubules in
female DCPT-treated animals. In conclusion, our data suggest that female rats are
less sensitive to DCPT-induced hepatotoxicity than male rats. Differential metabolism could account for these observations, although this will require further investigation. Supported by PHS grant ES012499.
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RELATIVE EFFECTS OF AGE, BODY WEIGHT, DIET,
AND/OR ETHANOL ON BLOOD GLUCOSE RESPONSE
TO INSULIN IN WHITE MICE

K. T. Knecht1, A. S. Gleit2, S. A. Zank2, K. E. Klingler2, T. R. Tannert2, C. H.
Kim2 and J. R. Harkness2. 1Pharmaceutical Sciences, Loma Linda University, Loma
Linda, CA and 2Ohio Northern University, Ada, OH. Sponsor: M. Kadiiska.
Rationale and scope: Ethanol consumption has been associated with both hyperand hypoglycemia, and may affect multiple aspects of glucose regulation. The focus
of this study was to examine the effect of ethanol on insulin response in white mice
and the modulation of this effect by age, weight, and diet.
Experimental procedures: White mice were pretreated with saline, sucrose, ethanol,
or other alcohols. Mice were dosed with insulin (1 mU/kg, i.p.) and blood samples
were collected at hourly intervals thereafter. Blood glucose was measured with a
hand-held glucometer.
Data: Insulin induced decreases in blood glucose were more pronounced in
younger animals than in older, heavier animals, although calorie restriction in older
animals improved sensitivity. Three hours after insulin dosing, glucose levels in
ethanol-pretreated younger animals were higher than in mice pretreated with saline
(overcompensated glycemic response); in older mice, ethanol resulted instead in a
relative decrease in blood glucose. An overcompensated glycemic response was not
detected in calorie-restricted older mice treated with ethanol, nor in younger mice
pretreated with isocaloric sucrose or n-butyl alcohol (rapidly metabolized). On the
other hand, pretreatment with t-butyl alcohol, which is slowly metabolized and resulted in pronounced CNS depression, resulted in an exaggerated hyperglycemic
response.
Conclusions: An age-dependent decrease in insulin sensitivity in white mice was alleviated by calorie restriction and consequent decreased body weight. An ethanolinduced overcompensated glycemic response in younger animals seemed to be related to age, not diet/body weight, and was more likely related to CNS depression
than to calories or metabolites resulting from ethanol consumption.
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DIFFERENTIAL EFFECTS OF CARBARYL ON BRAIN
ACONITASE ACTIVITY IN SPONTANEOUSLY
HYPERTENSIVE (SHR) AND WISTAR-KYOTO (WKY) RATS

P. R. Kodavanti1, T. R. Ward1, J. Richards2, M. C. Schladweiler2, U. P.
Kodavanti2, J. D. Farmer1 and R. C. MacPhail1. 1Neurotoxicology Division,
USEPA, Research Triangle Park, NC and 2Experimental Toxicology Division, USEPA,
Research Triangle Park, NC.
Animal models of susceptibility are crucial for quantitative human health risk assessment. Spontaneously hypertensive rats (SHR) have long been used in studies on
the etiology and mechanisms of hypertension and are known to be prone to oxidative stress. Previous studies indicate that SHRs are more sensitive to the
cholinesterase (ChE) inhibitor carbaryl than Wistar-Kyoto rats (WKY), and this
could not be explained by ChE inhibition. We have recently confirmed the differential sensitivity of SHRs to carbaryl on motor activity. One hypothesis is that
SHRs are more sensitive to carbaryl-induced oxidative injury compared to WKYs.
Therefore, we compared levels of brain aconitase, a key enzyme in oxidative stress,
in adult SHRs and WKYs. Groups of ten SHRs and ten WKYs were administered
carbaryl (0, 5, or 50 mg/kg in corn oil) by oral gavage. At 1 hour post-dosing, the
brain regions (frontal cortex and cerebellum) were isolated, quick frozen on dry ice,
and stored at -80oC. The brain regions were homogenized in 20 mM Tris buffer
(pH 7.4) and centrifuged at 8000 g for 20 min. The supernatants were assayed for

total aconitase activity using the kit from Oxis International Inc. It is known that
aconitase in cytosol maintains iron homeostasis; mitochondrial aconitase on the
other hand is used as a marker of oxidative stress. Total aconitase activity in frontal
cortex was not affected by carbaryl treatment either in SHRs or WKYs. On the
other hand, total aconitase activity in cerebellum was significantly inhibited by carbaryl in SHR rats, but not in WKY rats. These results suggest that carbaryl causes
oxidative stress in the cerebellum at a subcellular level in oxidative stress prone
SHRs and provide further support for a novel mechanism underlying carbaryl effects on motor activity. (This abstract does not necessarily reflect USEPA policy).
MECHANISM OF βB-BUNGAROTOXIN IN THE
FACILITATION OF SPONTANEOUS TRANSMITTER
RELEASE AT DEVELOPING NEUROMUSCULAR
SYNAPSE
J. Liou. Department of Biological Sciences, National Sun Yat-sen University,
Kaohsiung city, Taiwan. Sponsor: C. Chou.
The mechanism of action of βb-bungarotoxin in the facilitation of spontaneous
transmitter release at developing neuromuscular synapse was investigated in
Xenopus cell culture using whole-cell patch clamp recording. Exposure of the culture to βb-bungarotoxin dose-dependently enhances the frequency of spontaneous
synaptic currents (SSCs). Buffering the rise of intracellular Ca2+ with BAPTA-AM
hampered the facilitation of SSC frequency induced by βb-bungarotoxin. The βbbungarotoxin-enhanced SSC frequency was not abolished when pharmacological
Ca2+ channel inhibitor Cd2+ was added in the culture medium, indicating that
Ca2+ influxes through voltage-activated Ca2+ channels are not required.
Application of membrane-permeable inhibitors of inositol 1,4,5-trisphosphate
(IP3) but not ryanodine receptors effectively occluded the increase of SSC frequency elicited by RA. Treating cells with either wortmannin or LY294002, two
structurally different inhibitors of phosphatidylinositol 3-kinase (PI3K) and with
phospholipase C (PLC) inhibitor U73122, abolished RA-induced facilitation of
synaptic transmission. The βb-bungarotoxin-induced synaptic facilitation was
completely abolished while there was presynaptic loading of the motoneuron with
GDPβbS, a non-hydrolyzable GDP analogue and inhibitor of G protein. Taken
collectively, these results suggest that βb-bungarotoxin elicits Ca2+ release from IP3
sensitive intracellular Ca2+ stores of the presynaptic nerve terminal. This is done
via PLC/PI3K signaling cascades and G protein activation, leading to an enhancement of spontaneous transmitter release.

2412

2413

MICE DEFICIENT IN CYCLOOXYGENASE-2 ARE MORE
SUSCEPTIBLE THAN WILD-TYPES TO KAINIC ACID
EXCITOTOXICITY
C. D. Toscano and F. Bosetti. National Institute on Aging/ Brain Physiology and
Metabolism Section, National Institutes of Health, Bethesda, MD.
Cyclooxygenase (COX)-2, an isoform of prostaglandin H synthase, metabolizes
arachidonic acid (AA) into prostanoids via its cyclooxygenase and peroxidase activities. COX-2 is expressed under basal conditions in areas of the brain susceptible to
excitotoxicity, a form of toxicity that occurs from over activation of excitatory neurotransmitter systems such as glutamate. While many studies have attempted to determine the role of COX-2 in excitotoxicity through pharmacological inhibition of
the enzyme, the results are controversial. We attempted to further study the role of
COX in excitotoxicity by testing the susceptibility of mice deficient in either COX1 or COX-2 to kainic acid (KA) excitotoxicity. Mice replete or deficient in either
COX-1 or COX-2 were injected intraperitoneally with saline or 10 mg/kg KA, a
sublethal dose which induced seizure activity, and video recorded for 2 hours after
the injection. Median Racine seizure score (RSS) was significantly elevated in KAexposed mice homozygous for COX-2 deletion (-/-; RSS=4) compared to wild type
(+/+; RSS=1) and mice heterozygous (+/-; RSS=1) for COX-2 deletion (KruskalWallace ANOVA; p=0.0002). COX-1 -/- mice did not differ from COX-1 +/+ mice
in the magnitude of KA-induced seizures (RSS: +/+ = 1, -/- =1). Only COX-2 -/mice exposed to KA exhibited neurons positive for Fluoro-Jade B (FJB), a histochemical stain that detects neuronal degeneration, when euthanized 24 hours after
injection. FJB positive neurons were detected in areas known to be affected by KA
such as the CA1 and CA3 regions of the hippocampus, amygdala and thalamus. In
summary, COX-2 -/-, but not COX-1 -/-, mice exhibit an increased sensitivity to
KA-induced seizure activity and are more susceptible than COX-2 +/+ to excitotoxic neuronal damage, suggesting that COX-2 may be protective against excitotoxicity. [Supported by the NIA IRP and NIH IRTA program]
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CHARACTERIZATION OF ERK ACTIVITY IN
DEVELOPING CULTURES OF NEOCORTICAL CELLS
B. L. Robinette and W. R. Mundy. Neurotoxicology, USEPA, Research Triangle
Park, NC.
Neurons in vitro can develop networks that are synaptically active and this spontaneous activity can stimulate extracellular signal-regulated kinases (ERKs). Activitydependent ERK signaling has not been well characterized in developing cultures.
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Because signaling through ERKs is important for neuronal growth and survival, we
have examined activity-dependent ERK signaling in an in vitro model (developing
neocortical cells) that recapitulates many aspects of normal neuronal development.
Cultures were prepared from newborn rats and ERK activation was assessed in immature (day in vitro [DIV] 0, 2, 5) and mature (DIV 9) cultures by western blot of
cell lysates for phosphorylated ERK1/2 (phospho-ERK). NMDA-stimulated phospho-ERK and spontaneous phospho-ERK (untreated cells) were calculated as the
fold-increase over the basal level of phospho-ERK (determined in the presence of
tetrodotoxin to block activity-dependent depolarization). Concentration- and
time-dependent effects of NMDA were examined in mature cells (DIV 9). NMDA
caused a concentration-dependent increase in phospho-ERK, with a maximal increase of 3.5-fold above basal levels at 30 µM. NMDA stimulation was rapid and
sustained: phospho-ERK levels peaked at 5 min then continued to slowly increase
over 2 hr. Both spontaneous and NMDA-stimulated ERK activity varied with development. Spontaneous phospho-ERK was 4-fold above basal on DIV 0 (2 hr
after plating), dropped to just above basal on DIV 2 and 5, then increased to 4-fold
above basal on DIV 9. In contrast, NMDA-stimulated phospho-ERK was low on
DIV 0, increased on DIV 2, then dropped to just above basal on DIV 5. In mature
cells on DIV 9, the NMDA-stimulated phospho-ERK increased, but was lower
than endogenous phospho-ERK. Exposure to ethanol (which can inhibit NMDA
receptors) also altered ERK signaling in a manner that depended on the age of the
culture. These results show that neocortical neurons in culture exhibit activity-dependent ERK signaling that changes during development in vitro. (This is an abstract of a proposed presentation and does not necessarily reflect EPA policy).
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ANTIOXIDANT RESPONSE ELEMENT SIGNALING IN
NEURAL PROGENITOR CELLS AND GRAFTS;
POTENTIAL PROTECTION AGAINST
NEUROTOXICANTS

M. Calkins1, 2, J. Li4, D. A. Johnson2 and J. A. Johnson1, 2, 3. 1Molecular and
Environmental Toxicology Center, University of Wisconsin, Madison, WI, 2School of
Pharmacy, University of Wisconsin, Madison, WI, 3Waisman Center, University of
Wisconsin, Madison, WI and 4Hartwell Center for Bioinformatics and Biotechnology,
St. Jude Children’s Research Hospital, Memphis, TN.
Neural Progenitor Cells (NPCs) are a population of self renewing cells isolated
from fetal neural tissue that are capable of differentiating into all major neural cell
types. Under certain conditions, NPCs will grow in aggregates termed neurospheres. We have examined Antioxidant Response Element (ARE) signaling in
neurospheres derived from ARE-hPAP reporter mice. The ARE is a cis-acting element that is known to be involved in the upregulation of a variety of cytoprotective
genes. The putative transcription factor for ARE signaling is Nrf2. We have shown
that upon differentiation, neuroshperes treated with Nrf2 overexpressing adenovirus exhibit ARE activation selectively in astrocytes. Furthermore we have
demonstrated that these Nrf2 overexpressing neurospheres can be grafted into
mouse brain where ARE is again selectively activated in astrocytes. Grafts are stable
for extended periods of time. After grafting we administered the mitochondrial
complex II inhibitor, malonate and saw that Nrf2 overexpressing grafts conferred
resistance against this toxin. Taken together these observations demonstrate that astrocyte specific activation of Nrf2 is able to protect neurons from cytotoxic insult.
Furthermore NPCs provide a reliable source of nervous tissue that may be used for
ex vivo gene therapy.
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EVALUATING THE CONTRIBUTION OF NMDA AND
KAINATE TYPE GLUTAMATE RECEPTORS TO
PATTERN-ELICITED VISUAL EVOKED POTENTIALS IN
LONG-EVANS RATS

W. K. Boyes1, M. Bercegeay1, K. W. Johnson2, D. Bleakman2 and J. M. Witkin2.
1
Neurotoxicology Division, USEPA, Research Triangle Park, NC and 2Eli Lilly &
Company, Indianapolis, IN.
Glutamate is the primary excitatory neurotransmitter in the central nervous system
including the afferent visual pathway. Glutamate receptors are potential targets for
development of therapeutic agents as well as for undesirable actions of environmental contaminants. Pattern-elicited visual evoked potentials (VEP) have been used to
characterize the neurotoxic effects of a variety of chemicals such as toluene, which
in vitro acts as an antagonist to NMDA receptors. Elsewhere, we evaluated the potential role of NMDA receptors in pattern VEPs (Bale et al., 2005). The potential
therapeutic drug, LY293558-monohydrate, a mixed AMPA/Kainate receptor antagonist, caused reports of transient visual disturbances in clinical trials. The experiments reported here were intended to characterize the contribution of kainate and
AMPA receptors to rat VEPs. Rats were treated with 10 mg/kg LY293558-monohydrate or vehicle and steady-state pattern on/off VEPs were recorded 60 min later.
The amplitude of the VEP frequency double component (F2) was significantly reduced by LY293558-monohydrate. Next, rats were treated with 0, 30 or 100 mg/kg
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LY382884, a selective antagonist of iGluR5 (kainate) receptors. No significant amplitude deficits were observed at 30 mg/kg, and little or no effects were observed at
100 mg/kg. The results suggest that in the present animal model, the effects of
LY293558-monohydrate were not attributable to blockade of iGluR5 receptors.
Rat pattern-elicited VEPs appear to be a viable method for modeling visual effects
in humans, however, the specific role of glutamate receptor subtypes to these effects
will require additional investigation.
This abstract does not reflect EPA policy.
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CHRONIC FORCED EXERCISE ATTENUATES KAINIC
ACID-INDUCED NEUROTOXICITY INDEPENDENT OF
CHANGES IN PLASMA OR BRAIN LEVELS OF INSULINLIKE GROWTH FACTOR-1

S. A. Benkovic, J. P. O’Callaghan and D. B. Miller. TMBB, CDC-NIOSH,
Morgantown, WV.
Exercise provides an important benefit to overall health and can protect the brain,
in particular, from detrimental effects caused by ischemia and oxidative stress. The
mechanism of neuroprotection is not well understood, but is hypothesized to involve insulin-like growth factor-1 (IGF-1) and nerve growth factor (NGF). Here,
we investigated the ability of forced walking to modulate kainic acid-induced neurotoxicity, and whether IGF-1 plays a role in neuroprotection. Male C57Bl/6J were
forced to walk daily for 21 days in a motorized exercise wheel (10 sec/rev., 60
min./day, @4:00 P.M.) In the evening of day 21, some mice received an injection of
either saline or kainic acid (KA, 25 mg/kg, i.p.), providing a total of four treatment
groups: saline, kainic acid, exercise + saline, and exercise + kainic acid. Animals
were allowed to survive 12 hours and were sacrificed by decapitation. Plasma, brain,
liver, and soleus muscle samples were collected for analysis of IGF-1 levels by
ELISA (R&D systems kit). Additional animals were processed for histology utilizing the cupric-silver neurodegeneration stain. Chronic exercise did not produce differential levels of IGF-1 in plasma or brain samples, however, plasma levels were approximately 1000 times higher than in brain. Immunohistochemical analysis of
exercised animals revealed weak immunoreactivity for IGF-1 in cerebellar Purkinje
neurons. Cupric-silver staining revealed an attenuation of KA-induced hippocampal neurotoxicity by exercise pre-conditioning. These data suggest exercise pre conditioning is neuroprotective against excitotoxic injury but that chronic conditioning may involve a multifactorial mechanism incorporating components in addition
to growth factors (e.g. increased corticosterone release).
“The findings and conclusions in this report (abstract/presentation) have not been
formally disseminated by the National Institute for Occupational Safety and
Health and should not be constructed to represent any agency determination or
policy.”
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COMPARISON OF GENE EXPRESSION CHANGES IN
THE STRIATUM, CORTEX AND HIPPOCAMPUS OF
RATS TREATED WITH AN ESCALATING DOSE-BINGE
METHAMPHETAMINE (METH) REGIMEN

D. L. Graham1, 2, P. H. Noailles2, O. Asanbe2, K. G. Becker3, W. H. Wood3, V.
Prabhu3 and J. L. Cadet2. 1Program in Toxicology, University of Maryland School of
Medicine, Baltimore, MD, 2Molecular Neuropsychiatry Branch,
DHHS/NIH/NIDA/IRP, Baltimore, MD and 3Gene Expression and Genomics Unit,
DHHS/NIH/NIA/GRC, Baltimore, MD.
Methamphetamine (METH) is a known neurotoxicant which produces nerve terminal degeneration, monoamine depletion, and apoptosis. In addition, the drug
can cause significant cognitive disturbances. In spite of the deleterious effects of the
drug, METH abuse has reached epidemic proportions throughout the United
States. Because chronic intake of METH causes tolerance to its euphoric effects, the
user must increase both the dose and frequency of drug intake to sustain the “high”.
In order to measure possible toxic effects of repeated METH injections, we have developed a chronic model in an attempt to mimic human drug abuse patterns. Male
Sprague Dawley rats were given an escalating dose (ED) of METH or a saline
equivalent for two weeks before receiving a challenge dose of METH (3 x 10
mg/kg, every 2 hrs) or saline. Animals were sacrificed at 2 and 24 hrs following the
final challenge dose. Brain regions were dissected, and microarray analysis was performed on the striatum, frontal cortex, and hippocampus. Among the genes that
were significant were members of the syntaxin and ubiquitin families. Because of
their integral roles in exocytosis and protein degradation, it is possible that expression of these genes following an ED-binge regimen might correlate with functional
adaptation. Additionally, genes related to the apoptotic cascade, including caspase
3, were found to be expressed differentially between treatment groups and different
regions of the brain.
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A THRESHOLD NEUROTOXIC EXPOSURE TO
AMPHETAMINE DISRUPTS CORTICAL SYNAPTIC
NEUROPLASTICITY

J. F. Bowyer1, A. R. Pogge1, R. R. Delongchamp2, J. P. O Callaghan4, K. M.
Patel3, K. E. Vrana3 and W. M. Freeman3. 1Neurotoxicology, NCTR/FDA, Jefferson,
AR, 2Biometry, NCTR/FDA, Jefferson, AR, 3Pharmacology, Penn State College of
Medicine, Hershey, PA and 4Toxicology and Molecular Biology, CDC-NIOSH,
Morgantown, WV.
A 9 day exposure to D-amphetamine (AMPH), at a “threshold” necessary to produce histological signs of neurotoxicity, was evaluated for its effects on genes that
are normally upregulated by amphetamine or methamphetamine “challenges”.
cDNA arrays and RT-PCR were used to evaluate the changes in gene expression.
Male rats were exposed for 9 days to either 3 X 1ml/kg saline, 3 X 2 mg/kg AMPH
(Low Dose AMPH) or of 3 X 7.5 mg/kg AMPH (High Dose), with 6 hr between
doses, per day. The environmental temperature was held at 17°C to prevent
AMPH-induced hyperthermia. The groups were challenged with either saline or
7.5 mg/kg AMPH on the 10th day, and gene expression profiles at 3 hr post challenge were determined in striatum and parietal cortex. The AMPH challenge resulted in a significantly and substantially lesser increase in the expression of activityrelated cytoskeletal protein (ARC) and nerve growth-factor inducible proteins
(NGFI-A & B) in the parietal cortex of the High Dose AMPH group compared to
the Saline or Low Dose AMPH group challenged with AMPH. In contrast, in the
striatum there was either no difference or a slight increase in the upregulation of
these genes after the AMPH challenge in the High Dose AMPH animals. These results show that within the parietal cortex the disruption of genes involved in the
synaptic formation processes is sensitive to threshold neurotoxic AMPH exposures,
and that the learning processes in this region may be compromised.
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ACRYLAMIDE ALTERS SELECTIVE ISOZYMES OF
PROTEIN KINASE C IN NEURONAL CELLS IN
CULTURE

J. Yang, H. Lee, S. Kim and E. Choi. Pharmacology/Toxicology, Catholic
University of Daegu, Daegu, South Korea. Sponsor: P. Kodavanti.
While polymer acrylamide is non-toxic, monomer is a well-studied neurotoxicant
in animals as well as in humans. Exposure to acrylamide produces a degenerative
neuropathy closely associated with motor dysfunction. However, studies on its
mechanism of action remain limited. Protein kinase C (PKC) plays a pivotal role in
etiology of neurological disease and the modulation of motor behavior and cognitive function is mediated via PKC signaling pathways. Since PKC isozymes are differentially distributed in the brain cells and their roles are isozyme-specific, analysis
of individual isozymes is required to better understand the mechanism of neurotoxicity.Thus, we attempted to analyze acrylamide-induced alteration of PKC isozymes
in the cerebellar granule cells in culture and to identify possible molecular targets
sensitive to the acrylamide exposure. Cells were exposed to 50uM and 100uM acrylamide for 12hrs, respectively, and subsequently fractionated and immunoblotted
against the selected PKC monoclonal antibodies (α, β, δ, ε, λ, ι). Acrylamide exposure induced translocation of PKC- ε [cytosol (% control): 95±12 at 50 µM and
76±10 at 100 µM; membrane (% control): 151±37 at 50 µM and 218±38 at 100
µM] and PKC–β [cytosol (% control): 95±12 at 50 µM and 97±15 at 100 µM;
membrane (% control): 133±23 at 50 µM and 182±25 at 100 µM] from cytosol to
membrane fractions in a concentration-dependent manner. PKC- α, -δ,-λ and ι
were present in these cells, but were not altered by acrylamide exposure. RT-PCR
analysis showed the increased levels of neurofilament-M and GAP-43 mRNA with
exposure to acrylamide. GAP-43 is the neuron-specific phosphoprotein associated
with axonal development and regeneration. Since the expression of GAP-43 in neuronal cells is implicated with PKC-ε, abnormal expression of GAP-43 by the altered
PKC-ε may disturb structural formation of neuronal cells. These results suggest
that the effects of acrylamide on PKC are isozyme subspecies-dependent and PKCβ as well as PKC-ε may be target molecules for acrylamide in neuronal cells.
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ACRYLAMIDE ADDUCT FORMATION IN NERVE
TERMINALS

S. Stevens1, D. S. Barber2 and R. M. LoPachin3. 1Protein Chemistry Core,
University of Florida, Gainesville, FL, 2Center for Environmental and Human
Toxicology, University of Florida, Gainesville, FL and 3Anesthesiology, Albert Einstein
College of Medicine, Bronx, NY.
We have proposed that acrylamide (ACR) forms adducts with functionally important cysteine residues on presynaptic proteins that regulate neurotransmitter storage
and release. A recent proteomic study provided evidence that N-ethylmaleimide
sensitive factor (NSF), a rate-limiting ATPase involved in presynaptic transmitter
release, was a target of in vivo or in vitro ACR exposure. ACR did not appear to
form adducts with Rab3A, syntaxin or synaptobrevin (Tox. Appl. Pharmacol. 201:

120-136, 2004). To confirm and extend these initial findings, we used liquid chromatography-tandem mass spectrometry (LC/MS/MS) to identify ACR protein
adducts in tryptic digests of synaptosomes isolated from moderately intoxicated rats
(21 mg/kg/d x 34 days). Several high abundance proteins exhibited specific cysteine
adducts; e.g., Cys 254 of GAPDH, Cys65 of the voltage-dependent anion channel
and Cys870 of the clathrin heavy subunit. To increase detection of adducts on low
abundance proteins during in vivo intoxication, Isotope Coded Affinity Tag
(ICAT) labeling was used. Mass spectrometry of labeled samples identified more
than 1000 thiol-containing proteins including NSF, synaptophysin, syntaxin binding protein and v-ATPase in synaptosomes from ACR-intoxicated rats. Preliminary
ICAT analyses revealed quantitative changes in the relative abundance of many
synaptosomal proteins indicating the formation of ACR adducts. We are currently
using ICAT and LC/MS/MS analyses to identify protein adducts at very early in
vivo intoxication times (e.g., 50 mg/kg/d x 3 d, 21 mg/kg/d x 14 d) and to follow
the accumulation of these adducts during continued ACR exposure. At low in vivo
ACR concentrations, initial toxicologically relevant adducts should form readily on
those protein thiol groups exhibiting relatively high nucleophilic reactivity.
Impaired neurotransmitter release should be causally related to the presynaptic accumulation of these adducts. Supported by NIEHS grant ESO3830-19.
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EFFECT OF A NONSELECTIVE PROTEASOME
INHIBITOR MLN273 ON DIFFERENTIATED PC12
NEURONAL CELLS

V. Csizmadia, V. J. Kadambi, C. Eva, S. Coleman, S. Barros, J. Pierce, A.
Raczynski, S. Das, S. Badola and C. Alden. Drug Safety and Disposition,
Millennium Pharmaceuticals, Inc., Cambridge, MA.
Neuropathy is a common adverse effect of many chemotherapeutic drugs including
proteasome inhibitors (PI). To better understand PI neuropathy, differentiated
PC12 cells were treated with different concentrations of the reversible proteasome
inhibitor MLN273 which resulted in a gradual 0 to 98% inhibition of the 20S proteasome within 24 hours. Differentiated PC12 cells were investigated for viability,
neurite loss, ubiquitin positive protein aggregate formation and for global gene expression signatures by Affymetrix at 75% 20S proteasome inhibition level, respectively. Viability and neurite loss were PI concentration and time dependent. No effect was observed at exposures below IC50 for 20S proteasome activity within 24
hours. The effects on viability are associated with the number of cells that stained
positive for ubiquitinated aggregates by immunohistochemistry. Protein aggregates
were present predominantly in the cytoplasm seemingly centered about the centrosome but there were ubiquitinated aggregates in the neurites also. Concentration
dependent altered cell morphology and neurite loss was also observed in PC12
cells. Gene expression analysis revealed the PI dependent downregulation of genes
responsible for neurite outgrowth, for cell cycle regulation and for apoptosis. At the
same time, upregulation of multiple stress genes was also observed. In conclusion,
PI results in a complex response in PC12 cells at multiple levels. Protein aggregates
apparently associated with the centrosome potentially perturb the cytoskeleton resulting in compromised axonal transport in the neurites. Gene expression signatures indicate that the integrity of the neurites is compromised not only by protein
aggregates but potential loss of structural and functional proteins at toxic PI levels.
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PROTEASOME INHIBITON INDUCED PERIPHERAL
NEUROPATHY IN BALB/C MICE

L. Silverman, V. Csizmadia, K. Cardoza, M. Gallacher, M. Windman, M.
Murnane, E. Csizmadia, A. Bissonnette, S. Coleman, J. Pierce, J. Lane, V. J.
Kadambi and C. Alden. Drug Safety and Disposition, Millennium Pharmaceuticals,
Inc., Cambridge, MA.
In order to study proteasome associated peripheral neuropathy a mouse model was
established to identify early markers in the development of nerve effects. The prototypical proteasome inhibitor MLN273 was administered intravenously once daily
on Days 1, 4, 8 and 11 at dosages of 0.3, 0.6, 1.0, and 2.0 mg/kg (0.9, 1.8, 3 and 6
mg/m2). Mice were sacrificed on Days 2, 8 and 15 for microscopic hematoxylin
and eosin stained sections. The dose of 2 mg/kg (6mg/m2) exceeded the MTD and
all animals were preterminally euthanized. Abnormal clinical observations in these
were nonspecific. Animals that survived to scheduled sacrifice had no abnormalities
during the study. Lesions were detected in the dorsal root ganglia (DRG) including
accumulation of hypereosinophilic +/- pale eosynophilic granular to globular material in neuronal cell bodies sometimes associated with nuclear margination, neuronal death and dropout and satellite cell hyperplasia. Myelin and axon degeneration and fragmentation were seen in nerve roots/spinal nerves associated with the
DRG, spinal cord dorsal funiculi, and sciatic nerves. Lesions were most severe in
the 2 mg/kg dose group. No injury occured at 0.3 and 0.6 mg/kg dosages indicating a sharp dose response curve. Dosage-related proteasome inhibition was observed in the blood varied with different doses from 57% at 0.3 mg/kg up to 91%
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at 2mg/kg. TUNEL positive DRG neurons were observed only at 2 mg/kg by Day
2. Ubiquitin positive aggregates were observed in the DRG neurons and Scwann
cells both at 1 and 2 mg/kg. In conclusion the no-observable-effect-level was 0.6
mg/kg. Microscopic lesions in the DRG and peripheral nerves were accompanied
by apoptosis and ubiquitin positive aggregate formation.
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2,5-HEXANEDIONE REDUCES DELIVERY OF
PROTEINS TO NEUROMUSCULAR JUNCTIONS
FOLLOWING SUBACUTE OR SUBCHRONIC
EXPOSURE

D. Sickles and A. Testino. Medical College of Georgia, Augusta, GA.
We are investigating whether the γ-diketone inhibition of the motor protein kinesin (Toxicologist 30:302, 1996) and parallel reduction in flux of anterograde axonal transport proteins (Neurotoxicology 10:91,1989) produces deficiences of vital
proteins in axons. Sprague-Dawley rats (220g avg;n=4-6/group)were exposed to
2,5-hexanedione either subacutely (i.p. 4mmoles/kg/d x 27-29d) or subchronically
(0.4% in drinking water x 157d); controls were given saline injections or drinking
water, respectively. Both subacute and subchronic animals developed ataxia and
weakness in the hindlimbs; subchronics were more severely affected including
greater hindlimb muscle atrophy. Subchronic animals gained 50% of starting
weight compared to 124% for controls. Subacute animals lost 20% of starting
weight while their controls gained 36%. The relative quantity of NMJ proteins was
measured via dot blot analysis of equal volumes of muscle homogenates. The extensor digitorum longus (EDL) represented a hindlimb muscle innervated by axons
longer than those innervating the extensor carpi radialis (ECR). Subacute exposure
produced significant reductions in dot blot synaptophysin (-43%) and syntaxin (83%) density in the EDL as well as reduction of syntaxin (-43%) in the ECR.
Subchronic exposure produced a significant reduction in synaptotagmin (-62%)
and synaptophysin (-28%) in the EDL and a significant reduction in synaptophysin (-33%) of the ECR. For all proteins and for both exposure regimens, the reduction in NMJ proteins, with the single exception of subchronic synaptophysin,
was greater in the EDL than the ECR. Similar results for both subacute and subchronic dosing as well as differences in protein reductions from the same muscle
sample indicates these changes are not a result of axonal degeneration. The greater
effects on NMJ of long axons indicate that direct NMJ effects are not causative.
The preferential distal effect matches with the behavioral symptoms and supports
reductions in fast anterograde transport as the mechanism of action of γ-diketone
induced neurotoxicity. Supported by NIH ES011223

2425

2,5-HEXANEDIONE REDUCES SODIUM AND
POTASSIUM CHANNELS IN DISTAL NODES OF
RANVIER FOLLOWING SUBACUTE OR SUBCHRONIC
INTOXICATION

A. Testino and D. Sickles. Medical College of Georgia, Augusta, GA.
γ-Diketones production of a distal axonopathy is hypothesized to occur through inhibition of the motor protein kinesin (Toxicologist 30:302, 1996) and resultant reduction in fast anterograde transport flux (Neurotoxicology 10:91, 1989) The current study determines whether these effects produce a reduction in quantity of ion
channels in distal axons. Sprague-Dawley rats (225g avg. n=5-6/group.) were exposed to 2,5-HD either subacutely (i.p. 4mmoles/kg/d x 27-29d) or subchronically
(0.4% in drinking water x 157d); controls were given saline injections or regular
drinking water, respectively. Both subacute and subchronic animals developed
ataxia and hindlimb weakness; subchronics were more severely affected. Subchronic
animals gained 50% of starting weight compared to 124% for controls. Subacute
animals lost 20% of starting weight while their controls gained 36%. The relative
quantity of sodium (Na; pan voltage-gated) ion channels at the nodes and potassium (K; Kv1.1) channels at the paranodes was measured using semi-quantitative
analysis of immunofluorescent staining of teased axons. The sciatic and tibial nerves
represent proximal and distal axons, respectively. Subchronic exposure produced
the greatest effect, the fluorescence of tibial nerve K channels was reduced 57% and
the Na channels by 32%. In contrast, the sciatic K channels were reduced by only
17% and Na channels were unchanged. Subacute exposure produced a significant
reduction in tibial nerve K channels of 34% with no significant change in tibial Na
channels or either channel type in sciatic nerves. Therefore, both subacute and subchronic intoxication with 2,5-HD result in severe losses in distal K channels and
subchronic also produces changes in distal Na channels. The predominantly distal
axonal effects are consistent with reduced anterograde transport as the cause of
these reductions. These results demonstrate that diketones reduce delivery of vital
distal axonal proteins; these reductions may be critical to precipitation of symptoms. Supported by NIH ES011223
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SELECTIVE DISRUPTION OF KINESIN-BASED
MICROTUBULE MOTILITY BY NEUROTOXIC 1,2DIACETYLBENZENE
M. Sabri2, P. Spencer2, A. Testino1 and D. Sickles1. 1Medical College of Georgia,
Augusta, GA and 2Center for Research on Occupational and Environmental
Toxicology, Oregon Health & Science University, Portland, OR.
The aromatic γ-diketone 1,2-diacetylbenzene (1,2-DAB),but not 1,3-DAB, produces a proximal neurofilamentous axonopathy. Previous studies have identified
isomer-specific binding of 1,2-DAB to the motor protein kinesin. This study determined the functional effects of DAB isomer binding to kinesin or tubulin.(J
Neurosci Res 46:7, 1996). Kinesin or taxol-stabilized MT were preincubated with
1,2-DAB or 1,3-DAB for 20 min @ 37°C prior to use in a MT motility assay.
Preincubation of kinesin with 1,2-DAB produced multiple effects that became
more significant during successive trials. The number of MT locomoting and the
rate of MT motility were reduced in a dose-dependent manner (0mM = 819+21
nm/sec; 1mM = 736+70; 2mM = 514+6; 4mM produced complete loss of motility). Locomoting MTs were observed to move along the kinesin bed in an unsteady
progression; 40% lifted off the kinesin after 2mM 1,2-DAB, no motility was seen
at 4mM. MTs were observed to stick to the kinesin bed at all concentrations (14mM) of 1,2-DAB preincubation ranging from 31-100%. Preincubation OF kinesin with 1,3-DAB had no observable effect on any of these three parameters.
Preincubation of taxol-stabilized MT with 1,2-DAB, but not 1,3-DAB, also produced multiple effects. The number of locomoting MT and the rate of motility was
reduced in a dose-dependent manner (0mM= 807+18 nm/sec; 1mM = 657+21;
2mM = 523+49; 4 mM = 279+0). Sticking of the MT to the kinesin bed was increased dose-dependently from 34.5% @ 1mM to 100% at 4mM. The length of
the MT was also dose-dependently reduced from controls of 6.25+0.8 um to
3.48+0.1 @ 1mM, 2.54+0.32 @ 2mM and 2.1+0.13 @ 4mM. The effects demonstrated here are anticipated to produce significant alterations in fast transport as
well as cytoskeletal instability in situ. The selective and highly significant effects of
1,2-DAB on microtubules and kinesin, may be important contributions to precipitation of γ-diketone axonopathy. Supported by NIEHS grants ES10338, ES11384
and ES011223.

2427

NEUROFILAMENT PROTEIN ADDUCT FORMATION
IN SPINAL CORD FRACTIONS OF 2,5-HEXANEDIONE
INTOXICATED RATS
A. P. DeCaprio1, R. M. LoPachin2 and Q. Lin3. 1Environmental Health Sciences,
University of Massachusetts Amherst, Amherst, MA, 2Anesthesiology, Albert Einstein
College of Medicine, Bronx, NY and 3Center for Functional Genomics, University at
Albany, Albany, NY.
Axon atrophy associated with 2,5-hexanedione (HD) neurotoxicity may be mediated by lysine reaction and pyrrole adduction on neurofilament (NF) proteins,
causing disrupted insertion of these subunits into the cytoskeletal polymer and
their subsequent loss (Tox. Appl. Pharmacol. 199: 20-34, 2004). In this study, mass
spectral (MS) analysis was used to identify NF protein adducts in low speed (P1)
and high-speed (P2,S2) Triton fractions of spinal cord from HD-exposed rats (175
mg/kg/d x 101 d) exhibiting moderate neurotoxicity (gait score = 3.1±0.3).
Proteins in each fraction were separated by SDS-PAGE and subjected to in-gel
tryptic digestion. LC-ESI-MS/MS and/or MALDI-TOF MS were used to analyze
tryptic peptides. Specific pyrrole adduct formation was noted in NF-H and -M of
the P1 and P2 fractions, whereas adduction of NF-L was found in S2 fractions only.
Although sequence coverage for each protein was not complete (40-60%), adduct
levels appeared to be highest in NF-H protein (7-9 mol adduct/mol protein), with
adducts clustered primarily in the C-terminal KSP and KEP “tail” domains. The P2
fraction also contained adducts in a “rod” domain peptide (residues 105-113) of
NF-H. For NF-M, one adducted tail sequence was present in P1 and P2 fractions
and one rod domain adduct was present in P1 only. NF-L adducts were present in
the amino-terminal “head”, rod, and tail regions in S2 fractions only. Thus, as
noted in our previous in vitro studies, the formation of NF protein adducts is limited and specific. These data support our hypothesis that pyrrole adduction in the
NF rod and tail domains inhibits subunit polymerization and modifies interfilament interactions, respectively, thus shifting the mass equilibrium toward the more
soluble, mobile NF phase. Reduction in axon caliber occurs as a consequence of increased mobile phase transport and loss of NF proteins at the nerve terminal.
(Supported by NIEHS grant ESO7912-08).

2428

INDUCTION OF ENDOPLASMIC RETICULUM STRESS
IN PRIMARY ASTROCYTES FOLLOWING EXPOSURE
TO 1,3-DINITROBENZENE
S. A. Runkle and M. A. Philbert. Toxicology Department, University of Michigan,
Ann Arbor, MI.
1,3-dinitrobenzene (1,3-DNB) produces gliovascular lesions in brainstem nuclei.
The mechanism of toxicity in primary astrocyte cultures has not been determined,
although it has been shown that mitochondrial calcium overload is an early event

leading to cell death. We investigated the possibility that the acute in vitro neurotoxicity of 1,3-DNB may be mediated through endoplasmic reticular stress. Two
key molecular chaperones, glucose regulated protein 78 and 94 (GRP78 &
GRP94), and the transcription factor GADD153 have been shown to increase their
RNA expression during periods of endoplasmic reticulum stress. Immortalized primary astrocyte (DI TNC1) cultures were exposed to 500uM 1,3-DNB or 0.05%
DMSO for 4, 6, 8, 10, and 12h then total RNA was evaluated by Real time RTPCR. Thapsigargin (1uM) was used as a positive control for endoplasmic reticulum
stress. GRP78 expression was significantly upregulated at 4h (~3 fold) and was
maintained for up to 12h, whereas there were no significant changes in GRP94 expression at the observed time points. A time-dependent increase of the transcription factor GADD153 was observed which peaked at 10h (~25 fold). This data indicates that 1,3-dinitrobenzene initiates endoplasmic reticular stress in
immoratalized primary astrocytes as demonstrated by induction of key molecular
chaperones and transcription factors. This work was supported by NIH T32
ES07062 & RO1 ES08846.

2429

3-NITROSONITROBENZENE INHIBITION OF
PYRUVATE DEHYDROGENASE COMPLEX THROUGH
MODIFICATION OF LIPOIC ACID
J. A. Miller and M. A. Philbert. Environmental Health Sciences, University of
Michigan, Ann Arbor, MI.
m-Dinitrobenzene (DNB) is a selective astrocyte neurotoxicant and produces effects in the central nervous system consistent with inhibition of energy metabolism
and depletion of ATP. DNB causes dose dependent inhibition of pyruvate dehydrogenase complex (PDHC) activity in purified enzyme preparations. Dysfunction
of PDHC greatly compromises the ability to maintain adequate ATP levels leading
to cellular stress and death. The E2 component of the complex binds covalently to
the cofactor lipoic acid, a strong nucleophile that contains a vicinal dithiol. Lipoic
acid is highly susceptible to oxidative modification and is a logical target for reactive
intermediates such as 3-nitroso-nitrobenzene (NNB), an intermediate in DNB metabolism. To determine whether NNB is of producing the observed inhibition of
PDHC, the activity of the enzyme was measured spectrophotometrically. NNB
produces a dose dependent inhibition of PDHC activity similar to that observed in
treatment with DNB. However, NNB is a more potent inhibitor of PDHC (IC50
of 46 uM and 186 uM respectively). To further determine whether modification of
lipoic acid on PDHC-E2 is the site responsible for loss of activity, dithio-(bis)nitrobenzoic acid (DTNB) was used as an indicator. In the presence of NADH,
DTNB binds to PDHC-E2-lipoic acid and is subsequently metabolized by the E3
component. Treatment with NNB results in a dose dependent loss of PDHC-E3
conversion of DTNB that correlates well with the loss of PDHC activity. These and
other studies are confirmed by the use of mass-spectra that indicate modification of
the lipoic acid residue by a variety of reactive electrophiles. Modification of PDHClipoic acid conjugates adds further credence to the hypothesis that nitroaromatic
chemicals induce energy deprivation syndromes in the brain. This work was supported by NIH T32 ES07062 & R01-ES08846.

2430

INHIBITION OF THE NMDA-GLUTAMATE RECEPTOR
BY TOLUENE MAY CONTRIBUTE TO ALTERATIONS
IN PATTERN ELICITED VISUAL EVOKED POTENTIALS
IN RATS
A. S. Bale1, M. D. Jackson2, Q. T. Krantz1, P. J. Bushnell1, T. J. Shafer1 and W.
K. Boyes1. 1USEPA, Research Triangle Park, NC and 2Campbell University, Buies
Creek, NC.
In vitro studies have demonstrated that toluene inhibits the function of NMDAglutamate receptors, and alters the function of other channels. This has led to the
hypothesis that effects on NMDA receptor function may contribute to toluene
neurotoxicity, CNS depression, and altered visual evoked potentials (VEPs) observed in animals. However, this hypothesis has not been tested in vivo. VEPs were
measured in Long-Evans rats during toluene exposure in the presence or absence of
NMDA, an agonist of the NMDA-glutamate receptor. We hypothesized that
NMDA would counteract toluene’s action at this receptor. Similar experiments
were conducted with toluene in the presence or absence of the NMDA receptor antagonist, MK801. Rats were injected with either saline, NMDA, or MK801 and 10
minutes later were exposed to air or toluene (2000 ppm). VEP amplitudes were calculated for 1X (F1) and 2X stimulus frequency (F2). Based on the results from the
air-exposure studies, 2.5 mg/kg NMDA and 0.1 mg/kg MK801 were selected as an
appropriate dose for the toluene-drug exposure studies since neither dose significantly altered the measured VEPs. In the toluene-exposed groups, toluene/saline
(n=11) decreased F2 by 60 percent and toluene/NMDA (2.5 mg/kg) decreased F2
amplitude by 60 percent (n=13). In the toluene/MK801 group (n=9), F2 amplitude was not significantly different from the control, air/saline group at any of the
measured time points. However, administration of 0.1 mg/kg MK801 after toluene
exposure (n=10) did not prevent F2 VEP amplitude decreases mediated by toluene
exposure. The present data indicate that the toluene binding site may overlap the

MK801 binding site, and pretreatment with MK801 may prevent toluene from interacting with the NMDA receptor. Therefore, the acute actions of toluene on visual function may be mediated through block of NMDA receptors. This is an abstract of a proposed presentation and does not necessarily reflect EPA policy.

2431

TRICHLOROETHANE INHIBITS VOLTAGE-SENSITIVE
CALCIUM CURRENTS IN DIFFERENTIATED PC12
CELLS
T. J. Shafer and P. J. Bushnell. Neurotoxicology Division, NHEERL, ORD, USEPA,
Research Triangle Park, NC.
We have demonstrated recently that volatile organic compounds (VOCs)such as
toluene, perchloroethylene and trichloroethylene inhibit function of voltage-sensitive calcium channels (VSSC). Such actions are hypothesized to contribute to the
acute neurotoxicity of VOCs, as the potency of effects in vitro is consistent with the
potency of effects in vivo. To test this hypothesis further, we are evaluating the generality of this mode of action across several neuroactive solvents. Toward this end,
effects of trichloroethane (TCA) on whole-cell calcium currents (ICa) in nerve
growth factor-differentiated PC12 cells were determined using patch clamp techniques. Like other VOCs, TCA inhibited ICa in a concentration-dependent manner.
Inhibition was <10% at a nominal concentration of 1 mM TCA and exceeded 90%
at a nominal concentration of 12 mM (n= 3-5 cells/concentration). The estimated
IC50 for TCA was approximately 7 mM. Other parameters of TCA effects on ICa
were identical to those of other VOCs: end current was slightly more sensitive to inhibition by TCA than was peak current, and inactivation of ICa during the depolarizing test pulse changed from a single exponential function in the absence of TCA
to a double exponental function in its presence. These data demonstrate that TCA,
like toluene, xylene, trichloroethylene and perchloroethylene, inhibits VSSC function. These results provide additional evidence that the acute neurotoxicity of VOC
may be in part mediated by effects on ion channels. (This is an abstract of a proposed presentation and does not necessarily reflect EPA policy. Mention of trade
names or commerical products does not constitute endorsement or recommendation of use.)

2432

VISUAL CONTRAST SENSITIVITY (VCS) AND COLOR
VISION AMONG ADULT AND CHILD RESIDENTS OF
BUILDINGS WITH A DRY CLEANER USING
PERCHLOROETHYLENE (PERC)
J. E. Storm1, K. A. Mazor1, S. J. Shost1, S. Brodie2 and J. Serle2. 1Health, New York
State, Troy, NY and 2Ophthalmology, Mt. Sinai School of Medicine, New York, NY.
As part of the New York City Perc Project, residential exposure to perc, and VCS
(F.A.C.T.) and color vision (Lanthony’s Desaturated 15 Hue Test) were assessed in
children and adults residing together in apartment buildings with or without a dry
cleaner using perc on-site. Participants were categorized as residing in a building
without a dry cleaner (n=46 adults; 53 children); in a dry cleaner building with
apartment perc < 100 ug/m3 (n=42 adults; 39 children); or, in a dry cleaner building with apartment perc > 100 ug/m3 (n=12 adults; 11 children). Indoor air perc
levels associated with these exposure categories averaged 3, 12, and 400 ug/m3, respectively. VCS exhibited a marked ceiling effect (i.e., high numbers of participants
achieved the maximum possible VCS score) especially at 1.5, 3 and 6 cycles per degree (cpd), and color vision exhibited a marked floor effect (i.e., high numbers of
participants scored perfectly or had low color confusion indices (CCI’s)). Children
tended to perform better on the VCS test and worse on the color vision test than
adults. Trend tests (Cochran-Armitage Exact) indicated the proportion of adults
and children achieving maximum VCS scores decreased significantly across exposure categories at 6 cpd (p<0.05) and 12 cpd (p<0.05), respectively. Significantly
decreasing trends across exposure categories in the proportion of adults or children
scoring perfectly on the color vision test were not observed. However, exposure category significantly affected CCI among children (Chi Square=6.5, df=2, p<0.05)
and also increased the size of the difference in CCI’s between children and adults residing in the same household (Kruskal-Wallis Test for Matched Pairs, Chi
Square=9.7, df=2, p<0.01). These findings suggest that residential perc exposures
are associated with detectable effects on VCS of adults and VCS and color vision of
children, respectively. Funded through U.S. EPA STAR Grant R827446010.

2433

TRANSIENT COGNITIVE DECLINE INDUCED IN AN
EXPERIMENTAL ETHANOL HANGOVER MODEL IN
LONG EVANS RATS AND THE ROLE OF SEPTAL
HIPPOCAMPAL TRKA
R. Khalil1, 2, M. A. King2, 3 and M. R. Soliman1. 1College of Pharmacy, Florida
A&M University, Tallahassee, FL, 2Veterans Affairs, Medical Center, Gainesville, FL
and 3Neuroscience, College of Medicine, University of FLorida, Gainesville, FL.
The effects of repeated administration of ethanol on spatial reference memory and
TrKa forebrain levels were evaluated. Male Long Evans Rats (200-250 g) were divided in two groups (n=10/group). Following a 3-day training period, the first
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group received a daily i.p. injection of ethanol in a dose of 3 g/kg (22.5% w/v solution in saline) for 10 consecutive days; the second group served as control and was
injected i.p. with saline. One hour post injection the spatial reference memory was
evaluated by measuring the latency to find the submerged platform on two separate
trials, one minute apart. The same evaluation was conducted 24 hours later, immediately before the administration of the next ethanol dose. Results obtained indicated that one-hour post injection, ethanol produced a significant increase in the
time to find the platform (P<0.0001) as compared to controls. This spatial memory
impairment was consistent across testing days, with no indication that tolerance developed to the effects of acute ethanol intoxication. ANOVA revealed no significant
interactions between testing day and treatment. Spatial reference memory deficits
were also noted in ethanol-treated rats 24-hour post injection. This was mostly seen
in day 3 (P<0.0361) and day 4 of treatment (P<0.005). This impairment of performance could be attributed to a hangover effect. Tolerance to hangover develops
by day seven and seems to disappear at day 10. Western blot analysis of septal hippocampal Trka revealed that TrkA protein concentration was significantly reduced
in the basal forebrain after 10 days of repeated intoxication. Since there were no
working memory deficits at the end of the episodic binge, there may be a threshold
level of TrkA loss required before residual memory deficits occur. (Supported by VA
Merit Project 0002 and NIH grant RR03020)

2434

EXPOSURE TO 1-BROMOPROPANE REDUCES NERVE
CONDUCTION VELOCITY IN HUMAN

G. Ichihara1, W. Li2, E. Shibata3, X. Ding2, J. Li4, 2, S. Peng5, S. Ichihara6, 1,
H. Wang7, 1, F. Huang1, B. Gu4, Y. Tang4, B. Shao4, Y. Sun4, M. Miyata1 and
Y. Takeuchi1. 1Occupational and Environmental Health, Nagoya University Graduate
School of Medicine, Nagoya, Aichi, Japan, 2Shanghai Institute of Planned Parenthood
Research, Shanghai, China, 3Aichi Medical University, Nagakute, Japan, 4Fundan
University School of Public Health, Shanghai, China, 5Yixing Center for Disease
Control and Prevention, Yixing, China, 6Mie University Functional Genomics
Institute, Tsu, Japan and 7Guangdong Prevention and Treatment Center for
Occupational Diseases, Guangzhou, China.
Introduction: 1-Bromopropane (1-BP) is introduced as an alternative for ozone-depleting solvents. Recently new severe intoxication cases were reported in Utah following the cases in New Jersey and North Carolina.The present study investigated
the workers in the factory producing 1-BP in Yixing, China in late 2004 to clarify
the effect of 1-BP exposure on the workers.
Subjects and Methods: Forty workers engaged in 1-BP production and forty ageand sex- matched non-exposed workers were investigated with blood laboratory test
and electrophysiological examination of lower limbs. The individual exposure levels
were also estimated with passive sampler tubes. Obtained data were analyzed with
paired t-test between the exposure group and the control. Signed informed consent
was obtained from each worker for all examinations according to the declaration of
Helsinki.
Results: The time weighted average of exposure levels in workers were 15.3 ± 16.2
(Mean±SD), 73.7 (Max) and 0.65 (Min) ppm. Exposure group showed elongation
in distal latency (DL) and reduction in motor nerve conduction velocity (MCV) in
lower limb compared to the control. The exposure group showed increase in total
protein (TP), GOT, LDH, TSH, FSH and ferritin and decrease in creatinine, Fe,
VB1 and estradiol.
Discussion and Conclusion: Increase in DL and TP and decrease in MCV were also
found in our previous animal study. The present study not only confirmed that exposure to 1-BP elongated DL in humans, which was shown by our previous investigation, but also newly showed decrease in MCV as well as increase in TP in human.

2435

EFFECT OF PERFLUOROOCTANE SULFONATE (PFOS)
ON ACTION POTENTIAL IN RAT CEREBELLAR
PURKINJE NEURON

K. Harada and A. Koizumi. Department of Health and Environmental Sciences,
Kyoto University, Kyoto, Japan.
Perfluorooctane sulfonate (PFOS) and perfluorooctanoate (PFOA) are chemicals
ubiquitously found in the environment, wildlife and humans. There are several reports that PFOS and PFOA may change physiological properties of all membranes.
Previously, we showed that perfluoroalkyl acids alter the L-type calcium channel kinetics in ventricular myocytes through the change of surface charge. PFOS and
PFOA may modify physiological properties of other channels, leading perturbation
of signal transduction through ion channels.
We herein show effects of PFOS on action potential in rat cerebellar purkinje neuron using whole cell patch-clamp recording technique.
PFOS (10 and 100 microM) hyperpolarized the resting potential in a concentration-dependent manner (5 and 7 mV relative to control; p<0.05). PFOS (30
microM) also decreased the spike rate over 400 ms with 0.2 nA injection (5.1 spikes
relative to control (3.7); p<0.05). These effects were observed even under 100
microM cadmium.
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Perfluoroalkyl acids was found to affect action potential in rat cerebellar purkinje
neuron. PFOS could exert effects on action potential in the presence of cadmium
suggesting an involvement of ion channels other than calcium channel. Further
studies are needed to elucidate target ion channels of PFOS in cerebellar purkinje
neuron.

2436

PCB ACCUMULATION IN THE BRAIN PRODUCES
HYPERACTIVITY, OXIDATIVE STRESS, AND MIDBRAIN
NEURONAL DEATH IN ADULT MICE FOLLOWING
SUBCHRONIC AROCLOR 1254 EXPOSURE

D. W. Lee1, M. Thiruchelvam2, D. A. Cory-Slechta2, P. J. Kostyniak3, R. D.
Fitzpatrick3 and L. Opanashuk1. 1Environmental Medicine, University of Rochester,
Rochester, NY, 2Environmental and Occupational Medicine, UMDNJ-Robert W
Johnson MED. School, Piscataway, NJ and 3Pharmacology and Toxicology, SUNY
Buffalo, Buffalo, NY.
Polychlorinated biphenyl (PCB) exposure has been associated with abnormal locomotor function, but the molecular mechanism of neurotoxicity remains unclear.
Dopaminergic (DAergic) pathways regulate motor behavior and are putative targets
for PCB-mediated damage. Our previous studies indicated that Aroclor 1254
(A1254)-induced DAergic cell death was mediated by increased reactive oxygen
species (ROS) production and elevated Fe levels in vitro. This study tested the hypothesis that PCB accumulation leads to oxidative stress, which produces DAergic
neuronal injury and disrupts motor function following A1254 exposure. Adult
male mice were exposed to 0, 6, 12, and 25 ppm A1254 for 28 days, and then given
two weeks to recover. Locomotor activity was assessed after 2 and 4 weeks of PCB
exposure, then following the recovery period. PCB exposure was associated with increased levels in horizontal, vertical, and total ambulatory activity, which persisted
throughout the recovery period. Results showed that neuronal cell loss was evident
in both the substantia nigra and ventral tegmental areas of the midbrain. These observations were accompanied by elevated expression of oxidative stress related proteins (MnSOD, CuZnSOD, HO-1) and increases in oxidatively modified lipids
and proteins in the striatum and cerebellum. Additionally, atomic absorption spectroscopy analyses revealed that Fe levels were elevated in striatum and midbrain.
This study demonstrates that PCB exposure during adulthood is associated with a
widespread oxidative stress response throughout the brain. Furthermore, these observations suggest that ROS and Fe dysregulation are involved in the mechanism
that mediates neuronal cell death and abnormal motor function following PCB exposure. Supported by NIH ES00375, ES01247, and ES07026.

2437

A VALIDATION OF THE PLACE PREFERENCE
CONDITIONING MODEL TO MEASURE THE
REWARDING PROPERTIES OF DRUGS IN RATS

M. Herberth, P. Bucci, C. Hutchison, M. Beck, M. Nemec and G. Schaefer.
WIL Research Laboratories, LLC, Ashland, OH.
The purpose of this study was to evaluate the place preference conditioning
(PPC) model to accurately detect drug-induced motivational changes in rats.
The San Diego Instruments place preference apparatus consisted of two distinct
conditioning chambers separated by a smaller central chamber. The conditioning chambers were distinguished by visual and tactile cues including, black or
white striped walls and floors and the presence of a holed-flooring on one side.
The central chamber had no distinctive visual cues and steel bar flooring in an
effort to force the animals to either side. Each chamber was equipped with a series of photobeams that detected and quantified ambulatory, fine and exploratory movements as well as the time spent within each compartment. The
units were designed in an attempt to avoid a place preference/aversion for either
chamber in the pre-conditioning phase. The pre-conditioning phase was 15
minutes in duration and the animals were free to explore all three chambers of
the unit. For the conditioning phase, 8 male rats/group received alternate subcutaneous injections of morphine (0.1, 1 or 5 mg/kg) or saline for a total of six
days. Control group animals received saline injections on all six days. Treatments
were counterbalanced (4 rats/group) between chambers in order to maintain an
unbiased procedure. The rats were confined to the corresponding chambers
(drug or saline) for a period of 30 minutes following dose administration.
Testing of the animals under drug-free conditions occurred on the day following
completion of the conditioning and lasted 15 minutes during which the animals
were allowed to explore all three chambers. Place preferences were assessed by
calculating the difference in time spent in the morphine-paired chamber between the pre-conditioning and testing phases. The data presented demonstrate
that place preference conditioning is an acceptable paradigm to quantify and
characterize dependence potential.

2438

BREVETOXIN-INDUCED ACTIVATION OF VOLTAGEGATED SODIUM CHANNELS AUGMENTS
PHOSPHORYLATION OF PYK2 AND SRC IN
NEOCORTICAL NEURONS

T. F. Murray1, Z. Cao1 and D. G. Baden2. 1Physiology and Pharmacology,
University of Georgia, Athens, GA and 2Center for Marine Science Research, UNC
Wilmington, Wilmington, NC.
Brevetoxins (PbTx) are potent allosteric enhancers of voltage-gated sodium channel
(VGSC) function and are associated with periodic red tide harmful algal blooms.
Brevetoxins bind to and activate VGSCs in the central nervous system producing
repetitive action potentials. In murine neocortical neurons PbTx-2 induces Ca2+ influx, ERK 1/2 activation and augments the phosphorylation of the NR2B subunit
of the NMDA subtype of glutamate receptor. The increased phosphorylation of
NR2B is associated with an enhancement of NMDA receptor signaling. Inasmuch
as elevated intracellular Ca2+ is associated with the activation of the nonreceptor
protein tyrosine kinase Pyk2, we determined whether Pyk2 and the downstream
nonreceptor tyrosine kinase, Src, were activated following PbTx-2 exposure. PbTx2 treatment increased Tyr-402 phosphorylation of Pyk2 and Tyr-416 phosphorylation of Src in mouse neocortical neurons. Peak responses for both activation of Src
and Pyk2 were obtained at a concentration of 100 nM PbTx-2. To demonstrate
that these responses to PbTx-2 treatment were a consequence of VGSC activation,
we tested the influence of tetrodotoxin (TTX). TTX pretreatment abrogated PbTx2 induced phosphorylation of Src and Pyk2 indicating that these responses were
triggered by the activation of VGSC. The temporal patterns of PbTx-2 induced activation of Src and Pyk2 differed. Increments in the phosphorylation of Src on Tyr416 appeared somewhat earlier than the phosphorylation of Pyk2 on Tyr402. The
selective Src-family protein tyrosine kinase inhibior PP2 reduced PbTx-2 induced
stimulation of Pyk2 indicating that, rather than stimulating an autophosphorylation of Pyk2, PbTx-2 engages a signaling pathway in which Pyk2 is downstream of
Src. Stimulation of neuronal Pyk2 and Src may mediate the influence of this marine biotoxin on NMDA receptor signaling inasmuch as Src phosphorylation of the
NMDA receptor upregulates the function of this protein.

2439

EFFECTS OF THE TICK DERMACENTOR ANDERSONI
TOXIN ON NEUROMUSCULAR FUNCTION IN MICE

C. B. Frank2, 1, N. E. Pardo1 and W. D. Atchison1, 2. 1Department
Pharmacology/Toxicology, Mich State University, East Lansing, MI and 2Coll of VET.
MED., Mich State University, East Lansing, MI.
Tick paralysis is a common disease characterized by flaccid motor paralysis and
most common in domestic animals in parts of Australia and the Pacific Northwest.
It also occurs in children. The toxin’s identity and the mechanism by which it
causes paralysis is unknown. Our goal is to study the mechanism of paralysis induced by the North American tick Dermacentor andersoni. We hypothesize that it
results from effects on acetylcholine (ACh) release by nerve stimulation. Engorged
female ticks were applied to the backs of wildtype mice, which were examined daily
for signs of paralysis. No paralysis was seen in any mice infested with ticks for up to
96 h. Ca2+ dependent ACh release at the neuromuscular junction (NMJ) was studied using an isolated NMJ preparation taken from mice on which ticks had been attached. Endplate potentials (EPPs) and miniature EPPs (MEPPs) were recorded at
2,4 & 8 mM [Ca2+]. At 2 mM Ca2+, EPP amplitude in mice with ticks attached (14
± 1.4 mV) was lower than that of controls (17 ± 0.9 mV), but reached similar values to those in control mice when [Ca2+] was increased to 4 or 8 mM. MEPP amplitude also was decreased at all [Ca2+] in tick-treated mice. MEPP amplitude also
didn’t increase with increasing [Ca2+] as it did in controls. In preparations from
mice with ticks, MEPP frequency was increased compared with the control mice.
These values were 0.5 ± 0.05, 0.7 ± 0.07 and 1.18 ± 0.24 at 2,4 and 8 mM Ca2+ respectively in control animals and 0.75 ± 0.05, 0.97 ± 0.15 and 1.53 ± 0.11 in animals with ticks. Thus, although subtle changes occurred at the NMJ of mice infested with D. andersoni ticks, they were resistant to development of paralysis after
96 h exposure to this specie of ticks. Either mice are resistant to D. andersoni
venom, or this strain of ticks lacked sufficient toxin virulence to cause paralysis.
(Supported by the MSU/CVM Companion Animal Fund, and NIH T35RR017491 grant.)
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CELLULAR PRION TRANSDUCES NEUROPROTECTIVE
SIGNALS VIA PI3K/AKT PATHWAYS

K. J. Lee3, 1 and H. Jeong1, 2. 1Pharmacy, Chosun University, Kwangju, Kwangju,
South Korea, 2Research Center for Proteineous Materials, Chosun University,
Kwangju, South Korea and 3Laboratory of Cell Biology, NHLBI, NIH, Bethesda, MD.
The cellular prion protein, PrPc is thought to be involved in protection against cell
death, however, the exact cellular mechanisms are still unclear. Therefore, we examined its function in neuronal-derived tissue cultured cell line, SN56, by depleting
endogenous PrPc using RNA interference. As the results, prion-depleted cells had

significantly lower phosphatidylinositol 3-kinase (PI3-kinase) and Akt-kinases activity levels than mock depleted cells. Furthermore, PI3/Akt-kinases activities were
found to be elevated in brain lysates from wild-type mice, as compared to prion
protein-knockout mice. We examined the functional link between PrPc expression
and activation of PI3K-Akt pathway against Fas ligand-induced apoptosis of neuronal cells. There was significantly increase apoptosis in prion-depleted cells compare to mock depleted cells. This phenotype was reduced by transfecting with
mouse prion into neuronal cells already depleted of endogenous prion. Taken together, PrPc transduces neuroprotective signals through a PI3/Akt-dependent pathway. Moreover, PrPc may function as a trophic receptor, the activation of which
leads to a neuroprotective state.

2441

PCB-INDUCED ALTERATIONS IN THE DOPAMINE
TRANSPORTER AS A PRECURSOR TO NIGROSTRIATAL
DOPAMINE DAMAGE
M. Caudle1, 2, J. R. Richardson1, 2, M. Z. Wang1, 2, K. D. Pennell3 and G. W.
Miller1, 2. 1Center for Neurodegenerative Disease, Emory University, Atlanta, GA,
2
Environmental and Occupational Health, Emory University, Atlanta, GA and 3Civil
and Environmental Engineering, Georgia Institute of Technology, Atlanta, GA.
Administration of polychlorinated biphenyls to laboratory animals has been
shown to damage key components of the dopamine system, ultimately resulting
in reductions in striatal dopamine. However, the doses required to induce these
changes are relatively high. This study utilized an environmentally relevant exposure of PCBs (7.5 or 15 mg/kg Aroclor 1254:1260 for 30 days by oral gavage) to identify early signs of damage to the nigrostriatal dopamine system.
This dosing regimen, which resulted in PCB levels similar to those found in
human brain samples (6.0-15.0 µg/g wt weight), did not cause overt degeneration to the dopamine system, as evidenced by no change in striatal dopamine
(2% and 1.3% change from control) or tyrosine hydroxylase levels (3% and 5%
change from control). However, we did observe a dose dependent decrease in
striatal dopamine transporter levels (40% and 60% from control). The observed reductions appear to be specific to the dopamine transporter populations located in the striatum, as no change was observed in other dopaminergic
brain regions or to other neurotransmitter transporters present in the striatum.
Aroclor 1254:1260 exposure also activated several markers of reactive oxygen
species generation in the striatum. Elevations in heme oxygenase-1 (32%),
magnesium superoxide dismutase (25%), as well as 3-nitrotyrosine (64%) were
observed following 14 days of PCB exposure. These data demonstrate environmentally pertinent levels of PCBs disrupt the nigrostriatal dopamine system, as
well as generate reactive oxygen species, which may serve as precursors to further damage to the dopamine system. Furthermore, monitoring of dopamine
transporter expression may be useful in targeting progression of suspected
human exposure to PCBs.
Funding: GWM (ES012068); JRR (F32ES013457)
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THE EFFECTS OF GLUTARALDEHYDE (GA) OR
ORTHOPHTHALALDEHYDE (OPA) ON DOPAMINE
METABOLISM IN THE HYPOTHALAMUS OF RATS
AFTER INHALATION FOR FOUR WEEKS
M. Tsunoda1, T. Yamamoto2, H. Katagiri3, Y. Inoue1, K. Itoh1, M. Ikeda2, T.
Satoh1, T. Kadowaki2, 3 and Y. Aizawa1, 2. 1Preventive Medicine and Public Health,
Kitasato University School of Medicine, Sagamihara, Kanagawa, Japan, 2Kitasato
University Graduate School of Medical Sciences, Sagamihara, Kanagawa, Japan and
3
Public Health, Kitasato University School of Allied Health Science, Sagamihara,
Kanagawa, Japan.
Glutaraldehyde (GA) and orthophthalaldehyde (OPA) have been widely used as major
components of disinfectants in hospitals. Since neurotoxicity of GA was suggested, the
safeties of these disinfectants are growing concern. We evaluated the neurotoxicity of
GA or OPA in rats following inhalation by determining levels of neurotransmitters
(norepinephrine, dopamine (DA), serotonin) and their metabolites (dihydroxyphenylacetic acid (DOPAC), homovanillic acid, 5-hydroxyindoleacetic acid) in discrete brain
regions using HPLC equipped with ECD. Female Wistar rats were exposed to 0, 50,
100 or 200 ppb gaseous GA or OPA by inhalation for one hour per day, five days per
week for four weeks. The number of animals for each group was six. Following the treatment period, the brain of each rat was removed and dissected into cerebrum, cerebellum, medulla oblongata, midbrain, corpus striatum and hypothalamus. The neurotransmitters and their metabolites were extracted from each brain region, and
determined by HPLC. There were no clinical signs observed over the period of exposures for neither GA nor OPA. The mean DA concentrations in the hypothalamus in
the groups exposed to OPA were significantly higher than that in the respective control.
The mean values of DOPAC/DA in the hypothalamus in the OPA-treated groups were
significantly lower than that in the control. While, there were no significant differences
in neurotransmitters and their metabolites in any brain regions among the groups exposed to GA. OPA may decrease DA turnover in the hypothalamus of female rats. Since
hypothalamus is devoid of blood brain barrier, the metabolism of OPA may be different. The safety of disinfectants which contains OPA is needed to be studied further.
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Bomann, W 1528
Bommu, P
1985*
Bonati, L
354, 356
Bondy, G
102
Bondy, G S
101*
Bone, H K
248
Bongiovanni, S
141
Bonneh-Barkay, D
1105
Bonner, A M 646
Bonventre, J 125
Bonventre, J V 469, 1663, 1667
Bonzo, J A
778*
Boobis, A
2094
Boone, J S
862
Boone, L I
628, 629
Boor, P
291
Boor, P J
505
Boorman, G 1000, 1148*, 1616
Boorman, G A 2132
Boos, J
2026
Bopst, M
203
Borazjani, A 694
Borch, J
1945, 2097
Borchers, C H 973
Borg, K
613
Borgert, C J 1150*
Borghoff, S
1270, 1272
Borghoff, S J 168
Borlak, J
224, 986, 1088, 1346*, 1659
Borm, P
1193, 1853*
Borneo, G
547
Borowy-Borowski, H 1160
Borts, T
198
Borzelleca, J F 763, 765*
Bos, M
48
Bosetti, C
281
Bosetti, F
2413
Bosland, M C 276
Bossart, G
1581
Bosse, C
1310
Botta, D
507*, 992
Bouchard, M 861, 864, 870, 1604
Bouchard, R 610
Bouchard DVM MS DACT, G F 1297
Boucher, G
2016
Bourdelais, A J
552
Bourdi, M
1010
Bourne, N
1968, 1970
Boutros, P C 84
Boverhof, D R 82, 214, 221, 227*, 985
Bowen, M E 425
Bowen, N
2394
Bowers, T S 875*, 2181
Bowler, R
188
Bowman, C C 2252*
Bowman, L 1019
Bowyer, J F
2419*
Boyd, W
40*
Boyd, W A
1178, 2036
Boyer, J
617, 998, 1664
Boyer, M
446*
Boyer, S C
1282, 1904*

Boyes, W K 1268, 2309, 2416*, 2430
Boykin, E
236, 249
Boykin, E H 374, 2258*
Boyles, R
1199*
Boysen, G
187, 973*
Bracher, M
1600
Bradford, B 1616
Bradford, B U 194
Bradshaw, B D
1625
Brady, L
182, 1907, 2392
Brady, S
2153*
Brain, J
1751
Brain, K
813
Brambila, E M
2032*
Brand, R
816*
Brandt, I
384
Branham, W S 1717
Brant, K A
1553*
Brasel, J M
1576*
Bratton, S B 341, 344*, 2122
Braue, C R
1917
Braun, K
522
Braun-Sommargren, M
1764*
Bray, J J
1925
Braydich-Stolle, L K 37*
Breckenridge, C
49, 50*
Bredeweg, E 1585
Bredfeldt, T G 424*, 425, 427
Bredow, S
438, 1182*
Breen, M S
2118*
Brees, D J
613
Brennan, R
784, 987, 1889
Brennan, R J 2216*, 2219*, 2337
Breyer, R M 498
Brezinski, M 1092
Bricarello, A 844
Bridges, T
1639
Brien, J F
643, 644
Brightsmith, D
1577
Brimecombe, J
663, 665*
Brimfield, A A 821, 1911*, 1912
Brine, D
568
Briner, K
622
Britt, J K
866*, 2192
Broadwin, R 901
Broadwin, R L 882
Broccardo, C J 2398*
Brochu, P
117*
Brocker, C
489
Brodberg, R 1602
Brodberg, R K 2313
Broderick, D 2027
Brodeur, J
117
Brodie, S
2432
Brodmerkel, C M
1740
Brodsky, B
1910
Brokken, L
1945
Broman, K W 796
Bromberg, P 1513
Bromberg, P A
640
Bronaugh, R L
810
Brooks, A
1149*, 2350
Brooks, B
2243
Brooks, B W 1583, 2247*
Brooks, D M 363
Brooks, E
38, 55, 1816
Brooks, E G 2251
Brooks, J
359*
Brooks, J D 812
Broschard, T H
598*, 604
Brott, D
1857, 2168
Brouwer, A
384
Brown, A
655
Brown, A M 659, 663, 666
Brown, C E 2162

Brown, D J
1263
Brown, J
849, 1791
Brown, J P
2185*
Brown, J S
900*
Brown, K G 2183*
Brown, L A 1436*
Brown, N M 213
Brown, P J
542*
Brown, R
125, 268, 1089, 1750, 2339*
Brown, R P 1667
Brown, S
466, 1907
Brown, S C 1045*
Brown, T
1442
Brown DVM, Ph.D, L
1297
Bruckner, J V 572, 680, 1431, 1803, 2365
Bruene, B
471
Bruening, T 1252
Bruff, T C
2340
Bruner, R H 2322
Brunnberg, S 88
Bruno, M E 1081
Bruno, R
2141
Bruun, D
1441
Bryant, S
789
Brynczka, C 1104*
Brys, A
180*
Brys, A M
1090
Bu, P
342, 2009*
Bucci, P
2437
Bucher, J
80, 2094
Bucher, J R
1537, 1538
Buchmann, E 1113
Buchweitz, J 1041*
Bucio, L
2035
Buckalew, A 1166, 1946, 1948
Buckley, B
952, 1484, 1781
Buckley, D B 1361*
Buckpitt, A
490
Buckpitt, A R 1026
Budinsky, R 1631
Budinsky, R A 1243
Buelke-Sam, J 653, 935
Buelow, L
1357*
Buenger, D A 628, 629
Buermeyer, A B
514
Buesen, R
142
Buffington, J A
1759*
Buffler, P
1874*
Bugelski, P
2241*
Bugge, M E 1572, 1573, 1942
Bugrim, A
668
Buhler, D R 1816, 1834
Bui, P H
1835*
Bui, Q Q
1980*
Buitenhuis, C 384*
Bulk, S
1212
Bulku, E
1979
Bullman, S
1447
Bultman, J
649
Bumbgarner, R
1647
Bumgardner, S A
1294
Bunge, A L
814
Burback, B
2352
Burback, B L 2363*
Burcham, P C 1192*
Burchiel, S W 264*
Burdick, A D 965*
Burdock, G A 1156*
Burel, S
993*
Burgaz, S
697
Burgess, J
166
Burgess, S
1825
Burghardt, R 209, 358
Burghardt, R C
1383
Burgher, F
1587*

Burgoon, L
782, 1336
Burgoon, L D 82, 221, 227, 398, 403, 985, 990*,
996, 1337, 1340
Burka, L T
100, 1029, 1831, 1878
Burkart, D L 984
Burnett, D
80
Burnett, E
662
Burns, A M 194
Burns, C
1871, 2172
Burns, C J
1874
Burns, K A
197*
Burns, T D
1992*
Burns Naas, L 323*, 2249*
Bursian, S
1567
Burt, J
782*, 1336
Burt, J W
398
Burton, N C 502*
Bus, J S
685, 1871*
Buse, E
2167
Bushman, W 128
Bushnell, P J 2309*, 2430, 2431
Butala, J H
873, 2340
Butenhoff, J 573, 603, 1234*, 2327, 2385
Butenhoff, J L 576
Butterworth, E
34
Byard, S J
2394
Byrd, D M
869

C
Caballero, V 578, 1489, 1821
Cabonce, M 1668
Cadby, P A
2275
Cadet, J L
2418
Cady, B
1585
Caffmeyer, J 1285
Caguyong, M J
201, 1692
Cahill, P
1582
Cahill, T M 1705
Cai, J
162, 642, 1110
Cai, L
2156
Cai, P
287*, 1163, 2405
Cai, Q
176, 1795*
Cai, W
2121
Cain, A V
1264, 1265*, 1266, 1267
Cain, W S
1312, 2340*
Calabrese, E 1865
Calabrese, E J 1866*
Calabro, A R 1974*
Calafat, A M 2113
Calderon, L G 363
Calderon, R 762*
Calderon-Aranda, E S 1776
Caldwell, J
2083
Caldwell, R 1743*
Calgaro-Helena, A F 1402
Calkins, M
2415*
Callegari, E 613
Callio, J
511
Callis, C M 880
Calvin, J
987
Camacho, A 1303
Camacho, H 178*
Camacho, S 110
Cameron, D G
478
Cammer, S
80
Campbell, A 246*
Campbell, A R
2111, 2369*
Campbell, H 1695*
Campbell, J 988
Campbell, J L 2386*
Campbell, K 1787
Campbell, M 899
Campen, M J 76*
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Campian, J
503
Campo, L
281
Cancio, L C 478
Candelas, J
280
Canerdy, T
1681, 1682
Cannon, C
396
Cannon, J R 1103*
Cano, M
761, 975, 982, 1657, 2089, 2275
Cantor, G H 161, 1710, 2228
Cantor, J O 806, 1038
Cantor, R
1548
Cao, C
1968, 1970
Cao, D
639*
Cao, Y
1209
Cao, Z
2438
Capacio, B
2350
Capen, C C 7
Capili, A
78
Car, B D
662, 1710, 2147, 2227, 2228*
Carabin, I
767*
Carabin, I G 763
Caravanos, J 2059
Caraway, C A 883, 1927
Carbone, D 494
Carbone, D L 1102*
Cardoza, K
2423
Carey, S A
1066*
Carfagna, M A
628, 629*
Cariello, N
1089
Carlisle, J
729, 2191*
Carll, A P
2173*
Carlsen, K H 878
Carlson, C
2200*
Carlson, R M 2342
Carlson-Lynch, H
382
Carlton, B
1240*
Carmical, J R 2355
Carnes, A R 449
Carnes, K
1548
Carney, E
1627, 2323
Carney, E W 1243
Carney, S A 2172*
Carosino, C M
583
Carpin, J C 1031, 1032, 1034*
Carr, G
402
Carr, G J
1551
Carr, R
1476
Carr, R L
1443, 1444, 1445, 1471*
Carr, T
1546
Carrao, A M 1625
Carrier, G
861, 864, 870, 1604
Carrier, R
1609*
Carrington, C D
2194*, 2315
Carroll, R E 1645
Carter, J
1466, 1850, 1851*, 1852, 1853
Carter, L
1302
Carter, M
2161
Carter, M M 127*
Carter, Jr., W 1627
Carvan, M J 394, 1119*
Casati, S
1968, 1970
Casavant, R H 1036*
Casbohm, S 1921*
Casciano, D A 321*
Case, L
245
Casey, W
198
Casillas, R
1923
Casola, A
1373
Caspary, W
546
Cassee, F
1193, 1198*
Cassell, M
984
Cassidy, K
621, 622
Castaigne, J 624, 626, 942
Castillo, D
2085
Castillo, N P 1242
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Casto, B C
1648
Castorena-Torres, F 1814*
Castranova, V 479, 846, 1019, 1046, 1556, 1557
Castro, S
1373*, 2202
Catalani, A
1454
Cate, M L
599
Cater, K
1599*
Catlin, M
2205
Catlin, m
2207*
Catricks, N
253
Caudle, M
2441*
Cauntay, P
993
Caya, N
649
Ceballos, D 234
Cebrian, M E 428, 863, 1184, 1822
Centeno, J
2071
Cerreta, J M 806, 1038, 2014
Cerven, D R 2274, 2278
Chacko, M S 174
Chacon, E
1302
Chakravarty, K
548
Chambers, H 1476
Chambers, H W
695
Chambers, J 1825, 2374
Chambers, J E 695, 862, 1444, 1445, 2209
Chambliss, C K
1583
Chan, C Y
538*, 2314*
Chan, D
110*, 729
Chan, G
1687*
Chan, K
689
Chan, P
1422, 1820, 1831
Chan, S
1564
Chan, V
170*
Chan, W K 1343
Chanda, S
1075
Chanderbahn, R
911
Chandra, D 343
Chandrasekar, M
1985
Chaney, J G 2277
Chaney, S
1790
Chang, B
1564
Chang, C
61, 67
Chang, L
436*
Chang, L W 954
Chang, S
1017*
Chang, W
1733*
Chang, X
215, 218*
Chang, Y
954, 1915
Chanock, S
526
Chapin, R E 2101
Chapman, L M
1327*, 1830
Chapman, R 1555
Chappell, A S 740*
Charbonneau, M
960
Charles, J
1969*
Charron, A R 816
Chassot, L
42
Chatterjee, A 177, 1591
Chatterjee, I 1578
Chaudhary, A 1246
Chaudhary, A M
63*
Chaurand, F 582, 1301
Cheetham, C 94
Cheever, K L 2354*
Chekarova, I 874, 927
Chen, B
1057
Chen, C
1349, 2383
Chen, G
1021, 2017
Chen, H
1548, 2068*
Chen, J
2172
Chen, J J
554
Chen, L
100, 244, 1195, 1196, 1197*, 1878
Chen, L C
1706*
Chen, M
1178, 1846
Chen, P
1673

Chen, Q
1211, 1660, 1790
Chen, Q M 346*
Chen, R
869
Chen, S
778, 1323*, 1807
Chen, T
958*
Chen, T S
1733
Chen, X
345
Chen, Y
54, 501*, 504, 539, 1110*, 1220,
1390, 1677*, 2139
Cheng, L
1124
Cheng, O
1692
Cheng, T
436
Cheng, X
564*, 1361
Chengelis, C P
2165
Cheong, K A 1690
Cherr, G
934
Cherrington, N
1209
Cherrington, N J
563, 1001, 1334, 2400
Chetty, C S 1787*
Chevalier, S 1859
Chhabra, R 2321
Chi, R P
278
Chiba, M
2043
Chibout, S
141, 788
Chilakapati, J 452, 688*, 1008
Chintharlapalli, S
1157*, 1324
Chiodi, V
1454
Chiorazzi, N 1653
Chipman, J 2083
Chipman, J K 2399
Chisato, M
140
Chiu, A
913
Chiu, A o
969*
Chiu, N H
969
Chiu, W A
2383
Cho, A
535
Cho, D
401, 450
Cho, J
273*, 791, 2268
Cho, M
1017, 1018, 1049, 2013, 2053, 2334
Cho, Y
1410*, 1996
Choi, B
1773*
Choi, C
1371*, 1719
Choi, C J
1766*
Choi, E
1938, 1958*, 2420
Choi, J
1409, 1411, 1412, 2334
Choi, J H
86*
Choi, M
1049
Choi, O M
1690
Choi, S J
1752
Choi, W
1109
Choi, W H
1690
Choksi, N
906
Choksi, N Y 907*, 908, 909
Choo, E
844
Chou, C
1999*
Chou, D
2028*
Chou, I
641, 1365, 2028
Chou, J
1000, 1093
Chou, S
892, 915
Chou, Y
93
Choudhury, E A
2347*
Choudhury, H
918*, 2289
Chouinard, L 2092
Chowdhury, U K
111
Choy, G
343
Christensen, A 131, 1980
Christian, M 133*
Christian, M M
938
Christian, M S
933
Christiansen, K
1908
Christie, M A 2144*
Chu, A C
1263, 1930
Chu, C
511
Chu, H
638
Chu, M
381

Chu, M D
1263, 1930
Chu, T
1920
Chuang, C
1185
Chun, H
1400
Chung, H
2064
Chung, J
401, 415*, 500, 704*, 1884*,
2054, 2362
Chung, S
500, 2054
Chung, Y
371, 1400*, 1407, 1410, 1411,
1412, 2064, 2257*
Chung, Y H 1752
Chvatalova, I 1257
Ciencewicki, J M
1200*
Cinque, C
1454
Cisneros, B
1814
Cisneros, F J 2129*
Cisneros-Vega, B
1331
Ciurlionis, R 1546
Cizmas, L
525, 1250
Clark, A P
594
Clark, C
2350
Clark, G
865
Clark, G C
1263*, 1930
Clark, M L
1661
Clark, N
975, 1657
Clark, O E
1914*
Clark, R
2005
Clarke, E
1688, 1964
Clarke, J
132, 252, 608
Clarke, J B
634
Clarkson, E 1924
Clarkson, E D 81*
Clarkson, R 585
Clarkson, R J 583
Clayton, N P 1831*
Clegg, E
1121
Clemo, F
298, 1859
Clewell, H J 1271, 1280, 1885, 1886*, 2124,
2182, 2310
Clewell, R A 1270*, 1279
Clifford, C C 165
Clothier, R
1968, 1970
Coady, L
101, 102
Coban, A
1476, 1486, 1487
Cobb, M H 1510*
Cobbett, P J 2058
Coburn, C G 94*
Cocaj, A
2178
Cochelin, O 1532
Cockman, C 1876
Cockshott, A 771*, 2273*
Coen, M
161*
Coffee, M
2176
Coffey, T
884*
Coffin, J
363*
Coffin, J D
423
Cogliano, V J 385*
Cohen, D
2063*
Cohen, J
1160, 2312
Cohen, S
982, 2089, 2094
Cohen, S D 761*
Cohen, S M 975, 1657
Cohn, P
1608
Cojocel, C
515*
Colbourne, J K
1564
Cole, E E
1658
Cole, P A
1011*
Cole, T B
1446*
Coleman, J D 196*
Coleman, P 1636, 1926
Coleman, S 2422, 2423
Coleman, T 36*
Coli-Barenque, L
2075
Colin-Barenque, L
2061, 2076
Collaco, C
2251

Colleton, C A 2321
Collette, W W 159, 1314*
Collins, B
568
Collins, J
205
Collins, J F
2185
Collins, J J
1235
Collins, M
1548
Collins, S
58
Collins, T
721*
Collison, K
947
Colman, J
918
Colosio, C
281, 282
Colton, H
1089
Colvin, V L 823, 825, 829, 1554
Comeau, J L 643*
Comereski, C 245
Cometto-Muniz, J E 1312*
Conde-Moo, P C
1776
Condevaux, F 271, 1742*
Conklin, D J 297, 306, 510*
Connor, A
481*
Conolly, R
1875*, 2116, 2124*
Conolly, R B 1885, 2118, 2310
Consenza, M 1675
Constable, J D
90
Contrera, J F 1133
Cook, D
2161*
Cook, D L
438, 971
Cook, J C
7
Cook, J D
700
Cook, N
537*
Cook, T J
362*, 919
Cooke, E
213
Cooney, D
1703*
Coonse, K G 2015*
Coonts, A J 2015
Cooper, J F
1796*
Cooper, K
1141*, 1679
Cooper, K L 434*
Cooper, K R 151, 1484, 1571
Cooper, P S 1*
Cooper, R
1166, 1932, 1946, 2055
Cooper, R L 389, 1948*
Cooper, S
568
Cooper, S M 459*, 1829
Cope, R
1656*
Copeland, C 1897
Copeland, C B
255
Copeland, L 2257
Copeland, L B 371
Copeman, C 1288, 1289, 1290, 1310
Coppin, J
430*, 2037
Copple, B
1366*
Corbell, J
162
Corcoran, G 1504*
Cordier, A
141, 788
Cordova, E
428
Corey-Schlecta, D
337*
Corley, R
9
Corley, R A 35*, 463, 583, 585, 1526
Corley-Smith, G E
1816*, 1834
Cornelius, G 662
Cornwell, P D 1692*
Correia, L
1684
Corsini, E
281*, 282
Corton, C
1504
Corton, J C 1503*
Cory-Slechta, D
336*
Cory-Slechta, D A
335, 831, 1108, 1188,
1488, 1802, 2436
Coryell, V H 2048, 2073
Cosenza, M 555, 1534, 1683, 1967
Cosma, G N 1905
Costa, D L
705, 1698, 2173
Costa, L
1454, 1472, 2006

Costa, L G
1437, 1438, 1446
Costa, M
2068
Coston, T
818, 819
Cote, I
1635
Cottrell, L
1222
Coudouel, H 1587
Coughlan, S 1178
Coulombe, R A
237, 1832*, 1991
Coulson, M 1533
Couroucli, X 1812*
Couroucli, X I 1811
Courson, D 1036
Court, M H 1004
Courter, L A 55*
Couture, J
2388, 2389, 2390, 2391
Covell, D
991
Cover, C
1003
Covington, T R
1280*
Cowden, J
138, 148*
Cowlen, M S 617*
Cozzetta, J
146
Cozzi, N
1296, 1298
Craft, E S
1375*
Craig, A
1406
Craig, D K
2316*
Craigmill, A R 2369
Crane, D
2313
Cranmer, B 597, 1217, 2370
Crasta, O
80
Crean, C
617
Creasy, D M 2331
Creech, A C 100
Creech, D
1089
Creek, M R 49, 50
Creppy, E E 1387*, 1388*
Crews, F T
162
Crincoli, C M 2408, 2409*
Crissman, J
1240, 2328
Crissman, K 1063
Cristiano, N 1739
Criswell, K
334
Crittenden, P L
1758*
Crockett, P
1970
Crofoot, S
589, 1240, 2328
Crofoot, S D 811, 1929, 1940
Crofton, K
1425
Crofton, K M 405, 1203, 1428, 1483
Crome, S
1286
Cromey, D
425
Crooke, R M 292, 308
Crooks, D
1764
Crooks, D R 2062*
Crosby, L M 157*
Crosier, R B 72, 1925
Crossgrove, J S
1771*
Crouse, C L 80
Crow, J A
695*
Crowell, J
1677
Crowell, J A 1674, 1676, 1982, 1983, 2088*
Crump, K
894
Crump, K S 2124, 2182
Cruz, E
2141
Csanaky, I
439
Csizmadia, E 2423
Csizmadia, V 2422*, 2423
Cuda, M E
511*
Cuff, C
1990
Cuff, C F
261, 999
Cui, H
687
Cui, Y
2036*
Cumberbatch, M
376, 2260, 2261*
Cumine, S
1105
Cummings, B S
12*, 14*, 470, 499
Cumpston, J 1057
Cundiff, J A 258, 277
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Cunnick, J
272
Cunningham, J R
1241
Cunningham, M
27, 30*, 1000
Cunningham, M L
194, 1878
Cunningham, V L
1283
Curran, C P 87*, 931, 1810
Curran, I
101, 102*
Curras-Collazo, M C 94
Curren, R D 44, 559*, 912, 1595
Currie, R
1222*, 1931, 2259
Currie, R A 953
Currier, N
670
Curti, C
1402
Curtin, G M 52
Curtis, A
1724
Curtis, L R
1325
Curtsinger, A 1681, 1682
Cushing, C A 2190*
Custance, S R 1610
Cutler, N
242
Cutler, N S
1881
Cyr, D
960
Cyr, M O
1130
Czerwinski, S E
1919*
Czich, A
522

D
D’Agostino, J 1833
D’Altilio, M 1681, 1682*
D’Ambrosio, A
2350
D’Angona, A 175
D’Souza, S E 297*, 306
Daamen, F E 1951
Dabisch, P
74, 75, 1033, 1034
Dabisch, P A 72, 73*, 77, 1031, 1032
Dabrowski, M 992
Daggett, D A 1625*
Dagues, N
1859
Dahlin, S
214*
Dahly-Vernon, A
1296, 1298
Dai, Q
1893*
Dai, X
201, 1692
Dail, M
1825*
Dailey, L A
645
Dako, S
544
Dalbey, W
129*
Dale, Y R
216*
Dalgaard, M 1945, 2097*
Dalgleish, H A
403*
Dalton, J A
2169
Dalton, T P 87, 501, 504, 931, 1809, 1810,
1877, 2024, 2029, 2030
Dalvi, R
2187
Damen, J
1688, 1964
Damian, S
1966
Damodaran, T V
1464*
Damore, M 171, 2150
Dandekar, D 1528*
Dandona, P 1505*
Dangott, L J 1322
Danielewska-Nikiel, B 2346
Daniels, K K 1073
Daniels, M
236, 249
Daniels, M J 2258
Danilenko, D M
615
Danilo, C
1958
Dannan, G
2295
Dannappel, D 698
Dano, S D
1387, 1388
Danthi, S J
659
Darbre, P
1153*
Darche, J
1532
Darling-Reed, S F
2114
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Dary, C C
1219, 1276
Das, A K
2288
Das, D K
1382
Das, K
576, 937
Das, K P
369
Das, P C
1209*
Das, R
1085
Das, S
2422
Dash, B
871
Dasmahapatra, A K 150*
Daston, G
402*
Daston, G P 1551
Datiri, T
2187
Datta, K
1678*
Daughtrey, W C
1467*
Davey, M
860
Davidson, T J 253
Davidson, T L 2068
Davies, P H 657, 658
Davies, R
796
Davis, A
998
Davis, B K
881
Davis, E
73, 74, 75*, 1034
Davis, J
1426, 2065
Davis, M
2063, 2150
Davis, M A
2, 289, 1013
Davis, M K 862*
Davis, R
2317
Davis, S
2350
Davison, L
1026
Davison, L M 678
Day, B
1714
Day, B J
508*, 638
Day, B W
472, 474*, 477
Day, C
620
Day, G
1907, 2392*
Day, K C
678*
Day, T
555
Day-Lollini, P 1075
De Abrew, K N
1342*
de Bruijne, K 1060, 1702*
De Gagne, J 1739*
de Groot, D 48*, 930
de Guzman, R 1808*
de Heer, C
896
de Jongh, H H
2253
de Jouffrey, S 1074, 2397
De la Rosa, M 112
de Peyster, A 723, 1808
De Rosa, C
1628, 1954
De Souza, A T 201*, 1692
De Vizcaya-Ruiz, A 1184*
De Wever, B 1598
Dean, I
1287*, 1301
DeAngelo, A 53
DeAngelo, A B
157
Dearman, R 377, 378
Dearman, R J 376, 1841*, 2254, 2255*, 2259,
2260, 2261, 2264, 2273, 2277
Debia, M
916*
DeBoef, J M 623*
Decamp, E
1845
DeCaprio, A P
2427*
Dechkovskaia, A
1447
Deck, T
2352
DeCristofaro, M
788
DeCristofaro, M F
141*
Deese, A
159, 1314
DeFrank, N M
1641
Degaonkar, M 1846
DeGeorge, G L
558, 820*, 2274, 2278*
Degitz, S
1941
Degitz, S J
1572, 1573, 1942
Deglin, S E
814*
Dehart, D B 139

Dekant, W
506, 598, 604, 963
Dekkers, S
896*, 1902
DeKosky, S
2005
DeKrey, G
259, 1828
Dekura, E
492
Del Pino, J
1489, 1821
Del Razo, L M 428, 1256, 1769, 1798, 2045
del Rio Garcia, C
863
Del Sindaco, Y
1532
del Soldato, P 2136
Delcarpini, J 633
Delclos, K B 459, 1829
Delgado, V
2061, 2075
Delker, D
53, 54*, 1229
Dellarco, V
1147*
DeLong, B
1026
DeLong, B N 678
Delongchamp, R R 1717, 2419
DeLorme, M P
2326*
Delpit, E B
1921
DelRaso, N 170
DeLuca, R
2270*
Demady, D R 608*
Demchuk, E 914*
Dement, J D 349
Demeure, M J 817
Demirbag, A E
697
Den, A
855
Den, A R
856
Dencker, L
368
Dene, H
984
Deng, K K
901
Deng, X
1711*, 1905
Dengler, E K 128
Denison, M 354*, 787, 1543
Denison, M S 353, 1263, 1930
Dennis, E A 747*
Dennison, J E 1278*
Denoux, G
1250
Denslow, N D 1082, 1352
Deparade, E 888*, 2319
Derchak, A
661, 1308
Dere, E
221*, 782, 985, 996
Derk, R C
390, 2102
Derkenne, S 1810
Desai, L
550
Desai, V
1717*
Desai, V G
835
Descotes, J
270, 271, 1742
Desdouets, C 1223
Desert, P
2104
Deshmukh, M 1159*
DeSmet, K
1113*
DeSmet, K D 1085
Desmeules, P 395*
Desnlow, N D 1935
Detrisac, C J 1674
Dettbarn, W 496
Dev, N B
817
Devesa, V
413*
Devesa-Perez, V
2356
Devi, S S
2137*
Devine, H
579*
Devine, P J
393*, 395
DeVito, M
1169
Devito, M J 569, 1202
Devlin, R
236
Devlin, R B 645
DeVona, D
253
DeVoney, D 983*, 2311
Dewey, L
659
DeWitt, D S 495
DeWitt, J
1897*
DeWitt, J C 255
DeWoskin, R S
32, 33*, 2378

Dey, S
491
Deyrup, C
2000
Di Giulio, R 1876*
Di Monte, D A
1098, 1105, 1107, 1112
Dial, S
205, 2142
Diamantakos, E
449*, 1663, 2022
Diamond, G L
858, 1274, 2373
Diawara, M M
146, 939*
Diaz, D
1306*
Diaz, E
2211
Diaz, M J
578, 1489, 1821
Diaz-Bech, P 2061
Diaz-Sanchez, D
780
DiCicco-Bloom, E
1783
Dickey, R W 1429
Diener, R M 933, 938
Dieter, M Z 2147
Dieterle, F
788*
Dietrich, D R 447, 471, 472, 473, 474, 475*,
476, 477
Dietsch, G
169
Dijkstra, A
930
Diliberto, J J 562*, 596
Dillman, J F 1355, 1917, 1920
Dills, R L
229
Dimitrov, D 2120*
Dimitrov, D S 991
Dimond, S S 944*, 1242
Din, L B
1165
Ding, M
1019*
Ding, W
345, 435*
Ding, X
687, 1833, 2434
Dingemans, M
1457*
Dingle, R
210
Dinsmoor, P 1668
Dionnet, F
1187
DiPalma, K 2099
Diters, R W 253
Divine, K
438*, 1182
Diwan, B A 58, 431
Dix, D
2337
Dix, K J
567*
Dnyanmote, A V
467*, 1008
Dobbins, L L 1568
Dobo, K L
1130*
Dobson, R L 1590
Doctor, B
1924, 2350
Dodd-Butera, T
1262*
Doerge, D R 1943
Doerrer, N
2094*
Doherty, J
669, 1425, 1428
Doi, A
2321
Doi, Y
1423*
Dolim, K
548
Doll, M A
792, 793*, 799, 800, 968, 1370
Domico, L M 1484*
Dominick, M 982, 2089, 2095
Domoradzki, J 2328*
Donaghey, T 1751
Donald, J
899
Donaldson, K 1198
Donehower, L 969
Dong, H
253, 1809*
Dong, K
1482
Dong, W
1879
Donlin, M
1057
Donnelly, K B 289, 628, 629
Donnelly, K C 525, 1250, 1251
Donohue, J M 2178*, 2300
Donohue, M J 371
Donovan, E 848*
Donthamsetty, S
2145, 2146*, 2157
Dooley, G
1217*
Doolittle, D J 52
Doorn, J
494

Doorn, J A
1095
Dopp, E
416*
Dorman, D C 11*, 22*, 24*, 646, 1294, 2125
Dorta, D
1402*
Doshna, C
620
Dotson, G
853
Dougherty, E J
775*
Douglas, A
1924
Douglas, G
181
Douglas, G R 1961
Doull, J
2209*
Dourson, M 2286
Dourson, M L 917, 1640, 2297
Dow, J
1222
Dowling, K C 2191
Doyle, M
1060, 1065*, 1702, 2214
Dragan, Y
205, 2142
Dragan, Y P 2395
Dragin, N
1810*, 1877
Drake, V
144
Drake, V J
143*
Drechsel, D 1101*
Dreptate, D 1532
Driscoll, K
1850*
Driver, J H
1261
Drobna, Z
426, 440, 443*
Du, F
1767
Du, X
2028
Duan, J
616
Duan, S X
1004
Duarte, S J
280
Dubick, M A 478*
Dubois, J M 1007
Ducharme, D 426
Duckworth, B 1859
Ducre-Robitaille, J
117
Duddy, S
298
Dudkowski, C 1673
Dueker, S R 2384
Duester, G
366
Duffin, R
1193
Duffus, J
711, 715*
Duffy, J
260*
Duffy, P
1984*
Dugas, T R
310
Duhart, H
1559
Duistermaat, E
1047
Dumas, R
2388*
Dummer, K 1589
Dunaway, S 1201
Dunlea, S
987
Dunn, A
899
Dunn, R
1534*, 1662, 1967
Dunn, R T
555
Dunn-Rankin, D
231
Dunnick, J
967, 2174*
Dunnick, J K 1655
Dunstan, R W 1746
Durham, J
589*
Durham, S K 245
Durhan, E J 1565
Duringer, J M 1406*
Durrer, S
1928
DuTeaux, S B 1927*
Dutta, D
1562*
Dux, J
2339
Dwivedi, J
1579*
Dwivedi, S
505*
Dybdal, N
844

E
Eagle, T M
Earl, L K
Early, R

1002*, 1005
1286*
292

Easter, M D 860*
Easterling, M 1537, 1538, 2368*
Easterling, M R
2371, 2376
Eastman, D 1311
Eastmond, D A
178
Easton, M
1089
Eastvold, M 573
Eaton, D L
717, 1815
Eaton, J
503
Eaves, A
1964
Ebersviller, S 1060, 1702
Eblin, K E
425*
Ebner, F F
1448
Eckert, M
966
Eckhert, C
1415
Eckhert, C D 1414
Eddy, E M
400
Edelhauser, H F
45, 1596
Edmondson, R
2142, 2395*
Edwards, A
911*
Edwards, B C 590, 809
Edwards, C N 1980
Edwards, J
449, 2022*
Edwards, J R 1663
Edwards, J Y 2265*
Edwards, M R 1258
Edwards, P
96*
Edwards, R E 796
Eells, J B
1442*
Eells, J T
920, 1085*, 1113
Efe, S
697
Egan, B
1071
Egnash, L
623
Ehnes, C
1928
Ehrenfels, D M
615
Ehresman, D 2385*
Ehresman, D J 576
Ehrich, M
318*, 1468*, 1469, 1800
Ehrich, M F 1466, 1467, 1470, 1801
Eickman, E 2123
Einstein, D R 35
Ejaz, S
927
Ejaz, s
874*
Ekins, S
668*
Eklund, C
2380
Eklund, C R 1268*
El Gana, R
1074, 2397
El Ghissassi, F 385
El Majidi, N 864, 1604*
El Sayed, W M
1650*, 1826
El-Fawal, H N 1768
El-Fawal, N M
1768*
El-Kadi, A O 226, 2079, 2080
El-Tawil, O S 575*
Elbekai, R H 2080*
Elcombe, C 56*, 926
Eldan, M
2186
Elder, A
1848*, 1852
Eldridge, J
1932*
ElHage, J D 333*
Elizondo, G 1331
Ellinger, H
447
Ellinger, M
2176
Ellinger-Ziegelbauer, H
2220
Elliot, G
172
Elliot, G S
308
Elliott, A A
220*
Elliott, G
457
Ellis, G
2275
Ellis-Hutchings, R
934*
Ellisman, M H
1791
Elmore, A
1426
Elmore, S
1666
Elsayed, N
1916*
Eltom, S E
359
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Elwell, M
619
Ema, M
130*, 1213
Emberger, H 1845
Emberley, J K 2010*
Enerson, B
994, 1855
Enerson, B E 294*
Eng, H
659
Engel, A
869
Engel, E
822*
Engelberg, A 1889
Engelhardt, J 1675
Engelhardt, S 2071, 2072
England, E
1723
Ensley, S
1528
Entezari Zaher, T
1186
Eppig, J T
984
Erdos, G
1561
Erexson, G L 555
Erickson, H 665
Erickson, L E 2202
Ericson, J
2245
Eriksdotter-Jonhagen, M
2052
Erikson, K
1753*, 1844
Erikson, K M 1755, 1763
Eriksson, J
1456
Eriksson, P
1455, 1456, 1458
Erives, G V
574*
Ernst, S W
1281, 1282*, 1904
Ernstgard, L 2303, 2382
Escobar, C
2035*
Espandiari, P 124, 125*, 158, 295, 1665
Espejel-Maya, G
2075
Espinosa Aguirre, J
1824
Espiritu, I
240
Estep, J E
1921
Estey, T
468
Estill, C T
1406
Etoh, N
877
EuDaly, J
256, 288, 571, 1581
Eussen, S
930
Eva, C
2422
Evans, D
1082, 1296*, 1298, 1617, 2222
Evans, M V 1268, 1276, 2379, 2380, 2383
Evans, P
2273
Evans, R A
70, 71
Evans, T
1404
Evansky, P A 233
Everds, N E 2325, 2326
Everett, D
1313
Evering, W
2249, 2343
Everitt, J
1053
Everitt, J I
174
Evje, L
1785
Ewing, P
175, 1633*
Eynon, B
987, 1907, 2392
Eyre, R
169*
Eyton-Jones, H
1231

F
Fabian, E
586*
Fadeel, B
12, 16*, 1163
Fahl, W
58
Fahy, E
749*
Faiola, B
198*
Fair, P
1581
Fakhrzadeh, L 1064
Falkenberg, F 457
Fall, M
523*, 1187
Fallen, K
1843
Faller, C
1600*
Falluel-Morel, A
1783*
Falotico, R
293
Fan, A
993
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Fan, A M
728*, 883, 2189, 2313
Fan, R
263, 325, 1899
Fan, Y
1686*
Fang, H
205, 245, 835, 2142
Fang, X P
612
Fannin, R D 1081*
Fanucchi, M V
678, 724, 1026*, 1027
Faqi, A S
947*
Faravashi, N 1907
Farin, F
966
Fariss, M W 2130
Fariss, M w
741*, 742*
Farmer, D R 2336
Farmer, J D 1491, 2411
Faroon, O
1603
Farooqui, M Y 1735*
Farraj, A K
233, 374*
Farrell, D
446
Farrer, D G
279*
Fasano, W J 815
Fassih, A
1135
Fattori, V
1454
Faulkner, B
2384*
Faust, J
899
Faust, J B
910*
Faustman, E M
445, 898, 1641, 1784, 2208
Fawcett, S
1369
Fay, K A
229*
Fay, M
914
Fayer, J
622
Feather, G
1046
Fedorowicz, A 379
Feeney, G P 1087
Fehling, K
1632
Feinleib, M
869
Felgar, R E
1653
Felty, Q
304*, 949*, 1335, 1933
Feng, W
642*, 1379
Feng, X
789*
Fennell, T
166*
Fenske, R A 388*
Fenton, S E 399, 406, 1237, 2077*
Ferguson, J A 2387*
Ferguson, S A 1459, 2129
Fergusson, M 1651
Fernandez, C 507, 992
Fernandez, C A
469
Fernandez, S M
397*
Fernandez Canton, R 1174*, 1951
Ferng, J
2392
Ferrari, N
805
Ferrell, J
1166, 1946
Ferriby, L
1254
Feucht, E L 1819
Feuston, M
129
Fey, R
250, 625
ffrench-Mullen, J
1086
Fielden, M
182, 987, 993, 2392
Fielden, M R 169, 784*, 787
Figueroa, D J 2133
Filip, Z A
817
Filipov, N M 1486*, 1487, 1758
Finch, G
619
Finco-Kent, D 1748
Fink, A L
1098
Fink, G
779
Fink, G D
2058
Fink, M P
2002
Finkelstein, S D
979*
Finlay, C
2325
Finley, B
1612, 1632
Finley, B L
854, 1264, 1266
Finnell, R
358
Finnell, R H 1251
Fiori, J M
880

Fisch, C
1074, 2397
Fischer, C
1455*
Fischer, K
55
Fischer, T
206
Fishel, J
1743
Fisher, A A
2122*
Fisher, C D
2400
Fisher, G L
303
Fisher, J
2386
Fisher, J W
1431, 2365, 2367, 2375
fisher, c
1334*
Fiskum, G
1111
Fitsanakis, V 1844
Fitsanakis, V A
1755, 1756*
Fitzpatrick, J 2333*
Fitzpatrick, R D
2436
Fitzsimmons, M
628, 629
Flack, S
808*
Flagella, K
844*
Flake, G
1029
Flaws, J
7, 391, 1111
Flaws, J A
392, 448, 867
Fleischmann, K
1658
Fletcher, B
568
Flickinger, G 1500
Flood, A E
137
Florang, V
1095
Flowers, L
380*, 382, 2208*
Floyd, E
294, 1859*
Floyd, G
994
Foertsch, L
378, 402
Foertsch, L M 1551
Fogel, G
553
Follansbee, M H
858*
Fomby, L
180
Fomby, L M 1538
Fong, C J
985, 1337, 1340*
Fontana, S
1528
Foran, C
2243
Foran, C M 2248*
Forbes, A
1446
Forbes, B
690
Forbes, P D 818, 819, 2087*
Ford, A
1879
Ford, J J
2112
Ford, M
164
Ford, R
2317*
Ford, S M
465
Foreman, B D 485*
Forkert, P
1880
Forman, H J 1511*
Fornsaglio, J L 2049
Foronda, N M 2286*
Forrest, J
998
Forster, J
80
Forster, R
523, 1074, 1317, 2104, 2397*
Fort, D J
1570*
Fortin, M
805
Fortin, M C 861*
Fortner, J
620
Fortoul, T
2076
Fortoul, T I 2061, 2075*
Fortunato, G 1401
Fosdick, A
1534
Foshay, E
573
Fostel, J
1072*
Foster, E
1585
Foster, M
1281*, 1282
Foster, M W 1134
Foster, P M
2101*
Foster, S
347
Foster, W G 1212*
Foster, W M 1044, 1138*
Foth, H
637*
Foulon, O
940, 2104*, 2329

Fournier, S
582, 1301
Fowler, B
699
Fowler, B A 448*, 1629
Fowles, J
2286
Fox, D A
1790, 1791
Fox, G A
1575
Foxenberg, R J 95, 1207*
Frame, S R
2325
Francis, B
153
Francoise, G 251
Francone, O L 630
Frank, C B
2439*
Franklin, C C 489*
Franklin, E E 342, 2009
Franklin, M R 1650, 1826*
Fransen, M
1629
Frantz, J D
245
Fraser, J
627
Frazer, A
1057
Frazer, D
1057
Frazier, J M 1888
Frech, S M
392
Fredrickson, C J
1792
Fredriksson, A 1455, 1456, 1458
Freebern, W 245
Freedman, J 40, 1493
Freedman, J H 1082, 1178*, 1181, 1375, 2036
Freeman, C 943, 1689
Freeman, R W 2192*
Freeman, W M
2419
Freidig, A
1902*
French, J E
970*, 2027
Freshwater, L 653
Freudenrich, T M
1430
Friderichs-Gromoll, S 2167
Fridthjof, L
375, 2265
Fried, K W
98*
Friedman, M A
166
Frijters, R
997
Fritz, J
1986
Fritz, S
1845
Fritz, W A
924*
Froehlich, J
576, 2385
Froget, G
1317*
Fu, B
539
Fu, S
548
Fu, X
459, 1829*
Fuentealba, C 1669
Fuentes-Mattei, E
1341*
Fuetsch, M
1928
Fuhrman, K 1468
Fujii, S
107
Fujii-Kuriyama, Y
577
Fujikawa, M 1906
Fujikawa, Y 167*
Fujimoto, S 182, 1907, 2392
Fujimura, H 492*
Fujishiro, H 2023*
Fukata, H
1614, 1987, 2110
Fukatu, H
865
Fukui, H
1094
Fukunishi, K 130
Fukushima, S 1228
Fukushima, T 163, 1315
Fukushima, Y 626*
Fukuto, J
535, 537
Fukuto, J M 486
Fukuzaki, K 667, 1316, 1670, 1694, 2154
Fullard, M
1843
Fulzele, S
177, 840*, 1591
Funk, W E
2358*
Furlong, C E 1446
Furlong, J
1446
Furr, J
1168, 1233, 1545, 1939
Furth, P A
392

Furuhama, K
Furukawa, T
Fuscoe, J
Fuscoe, J C
Fustinoni, S

458, 527
2272
2142
835, 1717
281

G
Gabrielson, K L
2151*
Gadagbui, B 917*, 2297
Gaffney, S H 1253*
Gage, D
623
Gaido, K
1364
Gairola, C G 1070
Gakhar, G
959*, 2202
Galambos, E 1534
Galdanes, K 1061
Gallacher, M 2423
Gallagher, B S 1911
Gallagher, E 673
Gallagher, E P 966*
Gallagher, J E 406, 2077
Galli, C L
281, 282*
Gallicchio, L 867
Gallis, B
1437
Gallo, M
952
Gallo, M A
1322
Gallucci, R
2402*
Galvan, N
526*
Gandolfi, A J 424, 425, 427*, 2078
Ganey, P E
97, 999, 1002, 1005, 1123*, 1708,
1710, 1711, 1718, 1905, 2148
Gangi, T
1781
Ganter, B
987, 1358*, 1889
Gao, H
199, 1527, 1767
Gao, J
264
Gao, S
641, 1365*
Gao, X
503*, 1069, 2109
Gaoua-Chappelle, W 940
Garami, A
2141
Garantziotis, S 1029
Garcha, J
109
Garcia, E
911
Garcia, M D 464
Garcia Boy, R 1542*
Garcia Hernandez, R 863
Garcia-Arenas, G
280
Garcia-Chavez, E
1798*
Garcia-Jimenez, A
1822*
Garcia-Montalvo, E A 1256
Garcia-Reyero, N
1082*
Garcia-Salcedo, J
112
Garcia-Vargas, G
280
Garcia-Vargas, G G 112
Gardea-Torresdey, J 1563
Gardiner, C S 1828
Gardner, C R 1007*
Gardner, D
2317
Gardner, R M 284*, 1175
Garey, J
1459*
Gargas, M L 2301
Garner, C
568
Garofalo, R P 1373
Garrett, C M 836, 837, 838*
Garrett, R M 914
Garrett, S H 2033, 2038, 2039*, 2041, 2042, 2081
Garrido, E
428
Garry, M R
2188, 2199*
Garside, H J 213*
Garton, D
2063
Garza-Ocanas, L
1401*
Gasiewicz, T A
212
Gasper, C
134*
Gato, W E
2056*

Gaul, C
364
Gautier, J
1894
Gavett, S H 233*, 374
Gavin, C E
613
Gaviola, B
80
Gazzana, G
1659*
Gearhart, J
69*
Geary, R S
455, 602*
Gebel, S
1347
Gebhart, A
1606, 1607
Gee, S
2362
Gee, S J
1518
Gehman, E
1121
Gehring, R
812
Gelhaus, M 382
Gelineau-van Waes, J 1492*
Gelineau-van Waes, J B
1496*, 1992
Gelzleichter, T R
615*
Gemzik, B
662, 2147
Genell, C
2256
Gennings, C 884, 1203, 1627
Genovese, R 69
Genschow, E 142
Genter, M
1877*
Gentry, P
1280
Gentry, P R 2182*
Gentry, R
2296
George, K
1805*
Georgieva, N I
187*, 973
Gerard, M
847
Gerberick, F 377, 1836, 2273, 2277
Gerberick, F G
1590
Gerberick, G 378, 773*, 1140*, 1145, 1838*, 2275
Gerde, P
1633, 1701*
Gerdes, J
2121
Gerecke, D R 1915*
Gerhold, D L 2133
Gerin, M
916
Gerken, D
180
Gerken, D F 1422*
Gerlofs-Nijland, M
1193*, 1198
Germolec, D 1750
Germolec, D R
268, 1029, 1256, 2266
Gerrish, K
1093
Gerten, S A 1419
Gerwick, W H
1429
Geter, D
53*, 54
Ghanbari, K 567
Gharavi, N
226*
Ghassemzadeh, S
1791
Ghate, D
45*, 1596
Ghio, A J
235, 1051, 1180
Ghosh, M
987
Ghosh, M C 2062
Ghosh, R N 1960*
Giacomi, A
1454
Giannunzio, L 180
Gibson, A B 786
Gibson, A L 1342
Gibson, D
559
Gibson, J E 552, 1418
Gibson, N
547
Giddabasappa, A
1790*
Gideon, K M 1090, 1661
Gies, R A
189, 591*
Giesige, M
1241
Gifford, E
298
Gift, J S
891, 2308
Gigliotti, A
634
Gil, J
269
Gilbert, J R 1493
Gilbert, K
1901*
Gilbert, M
1425
Gilbert, M E 335, 338*, 1433
Gilbert, S G 718*, 719*
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Gilbert, S J
349
Gildea, L
378*
Gildea, L A
1142*
Gilkeson, G 288, 571
Gill, P K
2003
Gillard, E R 94
Gillespie, A M 525
Gillies, P J
2325
Gillilland, C D
1613
Gillis, T
1310
Gillman, M 2232
Gilmour, I
236*, 249, 1199, 1200
Gilotti, A C 2274
Gingerich, J 1961
Giordano, G 1438, 1472*, 2006*
Giordano, M 1769
Girigashanker, S
2029
Giroux, C N 1118*
Giulivi, C
1500
Gjergji, O
2178
Glashkina, L 2344
Glass, C K
750*
Glass, T A
51*
Glauert, H P 1221
Glaves, P D 1386
Gleit, A S
2410
Glenn, A E
1993
Glenn, J
876
Glover, C
1998*
Glover, M
263*
Gmuender, H 192*
Goad, J
1681, 1682
Goble, R
381
Godard, C
1587
Godfrey, R J 841
Godin, S
293
Godin, S J
1202*
Godleski, J J 2211*
Goebel, C
42, 43, 518, 1588*, 1600, 2262
Goeden, H
895*
Goedken, M 1001, 1367*
Goel, S
1302*
Goens, B
2170
Goering, P
125
Goering, P L 1667*
Goetschi, A 506
Goettel, O
42
Goff, K
135*
Gogal, R M 283*
Gohil, K
1068
Gohlke, J M 1641, 1890*
Gokhale, V
2122
Goktepe, I
808
Gold, A
187
Gold, R S
1249
Goldberg, A 317*
Goldberg, M C
923
Goldberg, M T
2287*
Golden, R J 2190
Goldenthal, E I
2088
Goldfarb, P M 817
Goldfarb, P S 1173
Goldman, J M 389
Goldstein, B D
717
Goldstein, K 2392
Goldstein, L B 1447
Golka, K
698
Gollapudi, B 556*, 1524
Gollapudi, B B
1084
Golovkina, T 245
Golub, M
899
Golub, M S 725*
Gomez, A
584
Gomez-Quiroz, L E 2035
Goncharov, N 2344*
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Gonchoroff, D G
253
Gong, B
291*
Gonsebatt, M E
1769, 1824*
Gonzales, C 2060
Gonzalez, A 1518
Gonzalez, F J 1004, 1321, 1810
Gonzalez, H 444*
Gonzalez, N 521
Gonzalez-Flecha, B
2211
Goodlett, D R 1437
Goodman, D 2350
Goodman, J E 2186
Goodman, J I 52, 889, 1224, 1226*
Goodrum, P E 858
Goodsaid, F 1856
Goodwill, M H
1100*
Goodwin, S 1540
Gooler, D M 1453
Gopee, N V 822, 829, 835*
Gopinath, C 2331
Gorbunov, N V
1382*
Gordon, C J 1521, 1522*
Gordon, J D 1263, 1930*
Gordon, M K 1915
Gordon, R
1924*, 2350
Gordon, R K 79
Gordon, T
709*, 1039, 1061
Gore, J C
1755
Gorman, G 603
Gosselin, N 1604
Gosselin, N H 864*
Goswami, E 850
Goto, H
1704*
Gough, M
1536*
Gould, S
1857, 2168
Goulding, E H
400
Gowadia, N 231*
Gowdy, C
529
Gowdy, K
1200
Goyer, R A
2055
Goytia, R C 280*
Goytia Acevedo, R C 422*
Graczyk, T
1611
Gradert, T
606
Graff, C
132
Graff, D W
645
Graff, J E
1477*, 1478, 1479
Grafstrom, R C
1615
Gragg, R D 2114
Graham, D L 2418*
Graham, G A 660
Graham, J
1923
Graham, J P 1035*
Graham, J R 79
Graham, M 213, 1281, 1282, 1904
Graham, M J 292, 308
Graham, T
2187
Gralinski, M R
664
Gramatte, T 472, 473*, 474, 475, 476, 477
Granato, T C 1610
Grant, D M 580*
Grant, G R
796
Grass, P
788
Graves, L M 640, 1014, 1513
Graves, S
1285*, 2352, 2363
Graves, S W 1422
Gray, D
1416, 1417*, 2332
Gray, D A
1636, 1926
Gray, E L
2113
Gray, J P
481, 831, 1007, 1188*
Gray, L
405, 1233, 1545
Gray, L E
1168, 1939*
Gray, W G
404
Graziano, J H 1757
Greaves, M A 698*

Green, C
1962, 1963
Green, D
813
Green, L
1639
Green, O P
1303*
Green, S
317
Greenblatt, D J
1004
Greene, A L 1500
Greene, J
850*
Greene, K J 1565
Greene, L
1416
Greene, N
1128*, 1130, 1630, 1903*, 2143
Greenwell, R J 363
Greggs, W J 1260
Gregus, Z
439*
Grenet, O
788, 1716
Grewal, I
615
Grey, B E
937*
Gribble, E J 445, 1641, 1784*
Griem, P
2275
Griffith, W
898
Griffith, W C 1641*
Griffiths, J C 763
Griffiths, W 2153
Griftiths, C 2260
Grippo, A A 2162*
Grippo, R S 2162
Grivas, P
2406
Grivas, P C
2407*
Grizzle, T B 618*
Grollman, A P 554*
Groom, S
179, 648, 1391*, 2360
Groot, M J
1170
Grosovsky, A J 526
Gross, E A
1294, 2117*
Gross, G W 1480, 1792
Gross, J A
364*
Gross-Steinmeyer, K 1815*
Grosse, Y
385
Grossi, I M
2363
Groten, J
930
Grove, L E
1960
Groves, A
1092
Grundy, J M 556, 1248, 1524
Grune, G
1930
Grzemski, F A 1678
Gu, B
2434
Gu, J
687*, 1833
Gu, M
468
Gu, X
1322*, 1330
Gualdoni-Holmes, B 2343
Guan, X
1564
Guarisco, J A 1991*
Guastadisegni, C
1198
Gubbels, I
1971*
Gudi, S
2119
Guenther, B 364, 1426
Guergues, D 650
Guerin, A
2355*
Guerrero Almeida, M 280
Guerrero-Almeida, M 112
Guerriero, F J 1299, 2276
Guichard, J
1742
Guilarte, T
4
Guilarte, T R 502, 1842*, 1845, 1846*
Guilfoil, A J 841
Guillot, T S 1112
Guindon, K A 1649*
Guiney, P D 1570
Guizzetti, M 1437, 1438
Gul, H
118*
Gulson, B
2063, 2065*
Gulumian, M 533*
Gundersen, D 1585*
Gundersen, H 48
Gungon, K
993

Gungor, G
118
Gunnarsson, D
2025
Gunnison, A 1061
Guo, C
464*
Guo, G L
1321*
Guo, J
2159
Guo, L
205*
Guo, Q
419
Guo, T L
268, 274, 278*, 2266
Guo, W
526, 981
Guo, X
1748
Guo, Y
199*
Guo-Ross, S X 1444*
Gupta, A K 662
Gupta, R
391*, 392, 1111, 1474
Gupta, R C 496*, 1681, 1682, 1756
Gupta, T
2211
Guri, G
2051
Gurley, B J
2162
Gurofsky, S
102
Gustafson, A 368
Gustafsson, J 360, 361
Guthrie, J
1416
Gutierrez, M 1571*
Gutierrez V., A
2061
Gutierrez-Ospina, G 1769
Gutierrez-Ruiz, M
2035
Gutjahr-Gobell, R E 1566
Gutleb, A
384
Guy, V
251
Guzelian, P S 1341
Guzman, R
1678
Guzman, R E 1746
Gwiazda, R
188*, 1765
Gwinn, M R 543*

H
Ha, C S
1690
Ha, J
581, 605
Haapakoski, R 372
Haas, R
506
Haasch, M L 150
Haber, L
890
Haber, L T
1640*
Habermann, G
2167
Hachiya, N 107
Hack, E
890, 1277*, 1640
Hackman, R M
1979
Haddad, S
1273*
Haddouk, H 523
Haggerty, H 2242*
Haggerty, H G
245, 253*
Hagino, S
2283
Hagiwara, A 1421, 1423
Hagmar, L
384
Hagos, G K 1645*
Hagstrom, J E 201
Hahn, J
1252
Hahn, R A
1915
Hahn-Quintes, S
211
Haigh, J R
2350*
Haighton, L A 2345
Haimes, H B 616
Hajela, R K 1779, 2058
Hakamata, S 2272
Halbert, D
182
Halbert, D N 1907, 2392
Haldosen, L 360, 361
Halinen, A I 238, 239
Hall, A H
847, 1587
Hall, J O
1991
Hall, K
2406*
Hall, K M
1319, 1320
Hall, K W
2407

Hall, L
789
Hall, M L
1396
Halladay, A
1781
Hallberg, C C 797
Hallberg, C S 701
Halmes, C
2192
Halmes, N C 866
Halstead, B W 1527
Hamada, Y
654
Hamade, A
2175
Hamadeh, H K
171, 172
Hamadeh, h 314*
Hamano, T 1949, 2250*
Hamelin, G 565*, 1273
Hamilton, J D 1625
Hamilton, J W
421
Hamilton, S B 1540, 1541
Hamirani, A 2085
Hamlin, R
1529, 2176
Hamm, J T
531, 801*, 2338
Hammer, F
1606, 1607
Hammock, B D
1518*, 2362
Hammond, C L
1161
Hammond, T 652, 1533
Hammond, T G
1461
Hamre, D
652
Han, D
1049
Han, E
85, 677, 1216, 1371, 1393, 1403,
1813*
Han, E H
86
Han, J
500, 2064
Han, J H
1752
Han, K
1049
Han, L
539
Han, M
1339, 1359
Han, S
1339, 1359, 1938
Han, S G
1070*
Hanberg, A 88
Hancock, J
1956
Hancock, J T 1956
Hancock, S
1466, 1800
Hancock, S K 1801
Hanes, J L
289
Hanig, J
124, 125, 126, 158, 295, 296
Hanig, J P
1665
Hankinson, O 228, 964, 1369, 1835
Hanneman, W H
217, 597, 1097, 1947, 2370*
Hansen, D
1984
Hansen, H
914, 1603, 1628
Hansen, J
1360*
Hanson, J
2138
Hanson, N
1944
Hanspers, K 898
Hanton, G
1859
Hao, X
609
Happo, M
239
Happo, M S 238*
Hara, T
1530*
Harada, K
105, 106, 107, 108, 2435*
Harada, T
654
Harbell, J
1599, 1970
Harbell, J W 912, 1595*, 1958
Harbison, R 2406
Harbison, R D
853, 2407
Harbo, S J
1661
Hard, G C
463
Hardej, D
1687, 1913*
Harder, J
1983*
Hardman, R 1955*
Hardy, C J
657, 658, 660, 1699, 1700
Harford, A J 1736
Hargreaves, A 1222
Harkema, J
22, 1041
Harkema, J R 9*, 23*, 35, 261, 398, 1028, 1066,
1852*, 2213

Harkness, J R 2410
Harmon, A W 440
Harney, A S 82*
Harouchi, H 1748
Harper, C
1629
Harper, R
1185
Harper, S L 145*
Harrill, J A
1483*
Harriman, J F 2322*
Harrington, Y 1296, 1298
Harris, C
568
Harris, J
953, 1231
Harris, M
1536
Harris, M A 1254*
Harris, P S
1568
Harris, R
1416*, 1417
Harris, R K 594
Harrison, L S 1219
Harrison, R 590
Harrison, S
1750
Hart, B
1923
Hart, J
573
Hartgring, S 48
Hartmann, L M
416
Hartwig, A
1177, 1183*
Haruyama, M 667
Harvey, E
1671, 1968, 1970
Harvison, P J 2408, 2409
Hasegawa, R 1333*
Haseman, J
1968, 1970
Haseman, J K 889, 907
Haskard, C
1736
Haskins, J R 493, 511
Hassani, M
2121*
Hassenbusch, S
606
Hassinger, J N 599
Hassler, C R 2176*
Hassoun, E A 491*
Hastings, C 586, 1432
Hastwell, P W 41
Hasumura, M 1996
Hatch, G
1061
Hatch, G E 1063
Hatcher, E
250
Hatcher, J M 1112*
Hattis, D
381*
Hauber, S
1966
Hauber, S A 1601
Hawas, O
2063
Hawes, M
175
Hawk, M
2176
Hawkins, B E 495*
Hawks, R
134
Hawryluk, P 666
Hayasaki, Y 527*
Hayashi, M 2150
Hayden, E
2202
Hayden, P
396, 1201, 1593
Hayden, P J 44, 319*, 559
Haykal-Coates, N
233, 374
Hays, S
114
Hays, S M
2378*
Hayward, I
1675
Hazarika, S
2202
He, L
1250, 1368*, 2024, 2029, 2030, 2403
He, Q
1179*, 1394, 1395
He, X
1805, 2046*
He, Y
201
He, Y D
1692
Healan-Greenberg, C 1819*
Healy, L
1534
Hearne, L B 1405
Hebert, N
651*
Hebert, P
1744*
Hebert, V Y 310
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Heck, D E
831, 1188
Hedtke-Weber, B M 567
Heflich, R
1685
Hege, A
316, 1616*
Heggland, S J 2015
Hei, T K
350*
Heideman, W 128, 2160, 2172
Heidenfelder, B
406, 2077
Hein, D W
17*, 21*, 792, 793, 794, 799, 800,
968, 1370
Hein, M J
349
Heindel, J J 1860, 2232
Heinloth, A N 1000*
Heitfeld, F A 1625
Hejtmancik, M
180, 1538, 2321
Hejtmancik, M R
1422
Hejzlar, Z
2348
Helbig, L
471
Heldring, N 360, 361
Helene, B
251
Helguro, L
360, 361
Helmcke, K J 1785*
Hemmer, M J 1568*
Henderson, J D
785
Henderson, K A
1415*
Henderson, M 2386
Hendrich, S 272
Hendricks, C A
560*
Hendricks, J D
1227
Hendrickson, C
911
Hendrickson, J
1500
Hendriks, H 930
Heneweer, M 1170*
Hengstermann, A
1347*
Henk, W G 1054
Hennig, B
91, 305
Henry, E C
212
Henry, M M 1085, 1113
Henry, S
292*
Henry, S P
250, 308, 456, 602, 625
Henseler, M 1928
Henseler, R A 1731*
Henshel, D S 920
Henson, C
587*
Hentz, N G 2144
Heo, J
2064
Hepfner, E
516
Herberth, M 2165, 2437*
Herden, C J 1779*
Herlich, J
789
Herman, E
125
Herman, E H 295, 1665
Herman, J
334
Herman, J K 649
Herman, L
753
Hernandez, D M
274*, 278
Hernandez, E 2035
Hernandez, J P
1327, 1830*
Hernandez, L G
1880*
Hernandez, M 521
Hernandez-Martinez, J
62
Hernandez-Ochoa, I 2057*
Hernandez-Serrano, M
280
Hernandez-Serrano, M C
112*
Hernandez-Zavala, A 428*, 1256
Hernhag, C 1574
Herouet-Guicheney, C
2254
Herr, D W
1477, 1478*, 1479
Herweijer, H 201
Herzyk, D J 2238*, 2256
Hess, F
1432
Hess, K
830, 1723
Hess, R
1548
Hessner, M
394, 1617
Hester, S
426*, 1205, 1206, 1229
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Hesterberg, T 860
Hestermann, E V
225
Hetheridge, M
2245
Heugens, E
2381
Heusener, A 598
Heussner, A H 472*, 473, 474, 475, 476, 477
Hew, K W
611*, 612
Heydens, W F 2336*
Heyliger, S O 1211
Heyob, K M 123
Hiatt, G F
856*
Hickey, A J
1703
Hickling, K 1281
Hickman, S 1307
Hicks, H
1628, 1954*
Hicks, J
850
Hidalgo, I J 1966
Hideki, F
140
Hierlihy, L
101, 102
Higashiyama, H
636, 2166*
Higgings, L 1941
Higgins, A
162
Higgins, M A 171*, 1527
Hijioka, M
2154
Hikosaka, A 962
Hildebrand, K 606
Hiles, R
2090*
Hill, C E
701*, 797, 2355
Hill, D
358
Hill, G
1053
Hill, R A
688
Hillamo, R
239
Hillegas, A
2256
Hillegass, J
149
Hillegass, J M 151*
Hillenbrand, R
788
Himeno, S
411, 2023
Himmelstein, M W 1275*
Hinckley, J
1466, 1800, 1801
Hinderliter, P M
591, 1526*, 2127, 2308
Hines, E P
399, 406*, 1237, 2077
Hinson, J P 1173
Hinton, D
138, 148, 1955
Hirabayashi, Y 577*, 1091
Hiraga, T
1120
Hirani, A A 1469
Hirner, A V 416
Hirode, M
1078*
Hirosawa, I
107
Hirose, A
130
Hirose, M
57, 972, 978, 1996, 2134
Hirota, M
2283
Hirvonen, M 238, 239, 2012
Hixon, M
2099
Hlastala, M 34, 35
Ho, C
1634
Ho, J W
1693*
Ho, S
935
Hoberman, A M
818, 819, 933, 938, 2087
Hochman, D 2251*
Hochwalt, A E
1260
Hodge, E
913*
Hodge-Bell, K 964
Hodgson, E 1209
Hoehle, S I
675
Hoffman, E A 35
Hoffman, K 1380*
Hoffman, T 1923
Hoffmann, G 203
Hofmann, E L 347*
Hofmann, M 37
Hogaboam, J P
277*
Hogstrand, C 1087*, 1998
Hohn, A
192
Hoitink, M 1971

Hoivik, D
198
Holcombe, G 1941
Holcombe, G W
1573, 1942
Holden, L
50
Holladay, S D 136, 137, 283, 367
Holland, R
2142
Holland, R D 200, 2395
Holley, G
45, 1596*
Hollingshead, B D
208
Holloway, A C 1212
Holloway, G 529
Holm, S E
2190
Holman, P S 1564
Holmes, A L 519*
Holmes, E
161
Holmuhamedov, E L 1715
Holson, J F
1239
Holz, J D
1376
Honarvar, N 2262
Hong, D
824
Hong, J
605, 1805, 1938
Hong, S
445, 1612*, 1784, 2363
Hongping, D 1259
Honma, M
536
Honma, T
1451*, 2109
Hood, C A
2353*
Hood, D B
1436, 1448*, 2096
Hooper, M
1191
Hooser, S B 7*
Hooth, M
1671
Hooton, D
873*
Hoover, S M 899
Hopke, P K 706*
Hopwood, J 2135*
Horai, N
1694*
Horand, F
270, 271*, 1742
Hore, S K
2288
Horiguchi, H 865, 1023, 2031*
Horii, I
120, 163, 654, 1091, 1906
Horimoto, M 120
Horinouchi, A 1094
Horn, T L
1674*, 1676, 1982
Hornbuckle, K C
588
Hornik-Rosinski, V 1658
Hornung, M W
1572*, 1573
Horohov, D 804, 1040
Horsman, M 1033
Horsmon, M 73, 74*, 80
Horton, J
2174
Hosea, R
2313
Hotchkiss, J A 1052*, 1521*
Hou, B
94
Hovland, D 1548
Howard, A
1033, 1441
Howard, A S 891*, 1031, 1032
Howard, P C 822, 829, 835
Howd, R A
728, 883, 1602, 2189
Howdeshell, K 1233
Howdeshell, K L
405, 1168, 1545*
Howell, K
615
Hoyer, P B
397, 1550
Hoying, J B 397
Hrubec, T C 367*
Hsu, C
1220
Hsu, E L
1369*
Hsuan, S
1109
Hu, C
1089, 1834
Hu, J
548*
Hu, N
143
Hu, R
1534, 2150*
Hu, T
44, 559
Hu, W
787, 1805, 2337*
Hu, X
957
Hua, P
1532
Hua, Y
1103

Huang, C
92
Huang, F
2434
Huang, N
621, 622
Huang, Q
462*, 1093
Huang, W
1001, 1327
Huang, Y
1558
Huckle, R M 660*
Hudgens, E 762
Hudson, L G 434, 435
Huebner, H 1577
Huebner, H J 871
Huffman, M 199
Huggett, D
2245
Huggett, D B 2243*, 2244*
Huggins, D J 716
Huggins, J
711*, 714*
Hughes, M F 569, 590, 809*, 1202, 2380
Hui, Y
621, 622*
Hulderman, T 1555
Hulet, S W
70, 72*
Huljic, S
471*
Hull, S
1262
Humes, D
1336*
Humes, D G 227
Humphreys, B D
469
Hung, D
1220*
Hung, G
250
Hung, P
2107*
Hung, S
985*, 1084
Hunt, J A
1004
Hunt, R E
1921
Hunter, D
2284
Hunter, D L 46, 1475*
Hurley, B
1476
Hurst, C
252*, 608
Hurst, N W 550
Hursting, S
1508*
Husain, A
21, 1370
Husain, K
307*
Hussain, M M 1700*
Hussain, S
37, 830, 1723, 2361*
Hussain, S M 1559, 1888, 2200
Hutchinson, T 2245
Hutchison, C 2437
Hutto, D
132, 608, 634
Huttunen, K 2012
Hutz, R J
394
Hwang, I
605
Hwang, J
1195
Hwang, M
450, 1794*
Hwang, S
1018, 2013*
Hwang, Y
677, 1216, 1351*, 1371, 1400,
1403, 1407, 1409, 1410, 1412, 1813
Hwang, Y P 86
Hyde, D
9
Hyndman, K 1082
Hynes, J
1908, 1909

I
Iatropoulos, M J
303, 616, 2083
Ibrahim, H
610, 1531
Ibrahimoglu, L
118
Ichihara, G
2434*
Ichihara, S
2434
Ichihara, T
1421*, 1423
Ichisaki, S
667
Iciek, L
253
Iden, C R
554
Igarashi, I
2272
Igarashi, K
57
Igboeli, O O 1424
Ignagni, A
1658
Ihara, T
130
Ihnat, M A
421*

Iida, T
865
Iidaka, T
1315
Ikeda, M
107, 2442
Ikeda, S
1333
Ikeda, Y
1949
Illanes, O
1669
Illouz, K
1540*, 1541
Ilvesaro, J
1680
Im, J
1076
Imai, N
1421
Imai, T
1996*
Imazawa, T
2134
Inaba, Y
2043
Inada, N
1423
Inan, S Y
1452
Inayat-Hussain, S H 1099, 1165*
Inga, A
703
Ingerman, L 2298*
Ingmanson, S 1262
Inhof, C J
1606*
Inman, A O 824, 825*, 827
Inoue, H
1048, 2166
Inoue, K
57, 105, 106, 107, 108*
Inoue, S
107
Inoue, T
577, 1091, 1091
Inoue, Y
2442
Inyang, F
2096
Ioannou, N 2293
Ioannou, Y M 2293*
Iordanidis, L 2077
Iordanova, V 942*
Ip, C
1677, 1962, 1963
Iregren, A
2303
Ireson, R
860
Irizarry, A
199
Irwin, R
1000
Irwin, R D
2132
Isaacs, K R
1223
Isabelle, M
1187
Isbell, M A
647
Iscan, M
697*
Ise, R
1094*
Ishak, M H 1165
Ishibashi, A 1906
Ishida, S
702
Ishiharada, N 1704
Ishii, Y
972, 978
Ishino, F
925, 2100
Ishizuka, Y
492
Isla, M
1107
Islam, Z
261, 1028*
Islamzadeh, A 1250
Isse, T
193, 676, 693, 798*, 868, 2269
Itagaki, H
2279, 2283
Itai, A
2128
Itamura, R
120*
Ito, K
206
Ito, T
1749
Ito, Y
2281*, 2282
Itoh, K
978, 2442
Itoh, S
527
Ivanov, V
1398
Iversen, P L 599
Iwachido, T 1620
Iwashita, K
1392
Iyer, P
899
Izumi, H
1094

J
Jack, D
Jackson, D
Jackson, D A
Jackson, E R

293
1121*
1380
1684*

Jackson, G R 1593*
Jackson, K M 674
Jackson, M
967*
Jackson, M D 2430
Jackson, M I 486*
Jacob, H
1296, 1298
Jacob, H J
1617
Jacob, R
620
Jacob, R E
35
Jacobitz, A
613
Jacobs, A
772*
Jacobs, L
593
Jacobson, P B 1396
Jacobson Kram, D
2094
Jacobson-Kram, D
731*
Jacquinet, E 446, 2360
Jaeckh, R
940
Jaeger, R J
2059
Jaeschke, H 1003, 2222, 2223*
Jahng, Y
682, 683
Jakowski, A 2016
Jakubowski, E 69
Jakubowski, E M
68, 70*, 71, 77
Jakupciak, J 1205*
Jalava, P
238, 239*
Jalowayski, A A
2340
Jamalfar, S
2153
James, M O 1935
James, R C
99, 866, 2192
Jameson, R R 1440*
Jang, D
450, 1794
Janice, C
1476
Jansink, R
930
Janssen, N
1198
Janssen, P
673
Jarabek, A M 2117
Jarema, K A 1491
Jarnagin, K
1889, 2392
Jarnberg, J
1623
Jarvelainen, H 1680*
Jarvis, J R
72
Jaskot, R
1062, 1063, 1194
Jaspers, I
639, 640, 1060, 1065, 1199, 1200,
1702, 2210, 2214
Javorina, A
1559*
Jayadev, S
462, 1093, 1738
Jayaraj, K
187
Jayaram, B
594
Jayaraman, S 1566
Jean, N
2390*
Jean, P A
1827*, 1940
Jefcoate, C
2232*
Jeffcoate, C
2237*
Jefferson, W 2235
Jefferson, W N
400*
Jeffery, E H 1004
Jeffrey, A
2083
Jeffrey, A M 616*
Jeffries, H
1060, 1065, 1702
Jeffries, H E 2214
Jelakovic, B 554
Jendrzejewski, J L
816
Jenniskens, F A
123
Jensen, J A
878
Jensen, K A 1343
Jensen, K M 1565
Jensen, N
689*
Jensen, N S 793
Jenssen, B M 1574
Jeon, J
2340
Jeon, T
247*, 672, 682, 684, 1817
Jeon, Y J
1356*
Jeong, E
581*, 605
Jeong, H
85, 86, 247, 677, 1216, 1218,
1345, 1350, 1351, 1371, 1393, 1400, 1403,
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1407, 1408, 1409, 1410, 1411*, 1412, 1813,
1817, 2018, 2440
Jeong, K E
1959
Jeong, M
2334
Jeong, S
273, 791*, 2268
Jeong, T
247, 672, 677, 682, 683*, 684,
1813, 1817
Jergil, M
368
Jespers, A
1626
Jessen, B
631, 1669
Jester, E l
1429
Jesus, E
2061
Jett, M
1085
Jewell, W T 2111
Jia, L
595*
Jia, N
2109
Jia, Z
483, 1214*
Jiang, B
310*
Jiang, G
520*
Jiang, G C
1786*
Jiang, J
2002*, 2003, 2005
Jiang, S
1020
Jiang, W
1646, 1811, 1812, 1818*
Jiang, Y
190, 191, 1379, 1767*, 2152
Jianlin, L
1259
Jiliang, H
1259*
Jimenez, B D 1341
Jimenez, I
1798
Jin, B
1738
Jin, C
247, 682, 684, 1817*
Jin, G
265
Jin, H
1017, 1018*
Jin, J
1374
Jin, Q
581, 605
Jin, X
244, 1196, 1197
Jindo, T
458
Jirtle, R
1860*
Jirtle, r
1864*
Jo, W J
2051*
Jo, Y
269
Joachim, F J 1626
Johansen, M E 1164
Johanson, G 1623*, 2303, 2382
Johansson, E 504*
Johansson, N 1456, 1458*, 2052
John-Baptiste, A
2343*
Johns, T
1391
Johnson, A
125, 1663
Johnson, A M 1667
Johnson, B
364
Johnson, B R 2349
Johnson, D A 2415
Johnson, D J 1211
Johnson, E W 1056, 1241*
Johnson, F O 1445*
Johnson, J
1194, 1305, 2174
Johnson, J A 2415
Johnson, J D 801, 2352, 2363
Johnson, J E 1790, 1791
Johnson, J M 856
Johnson, K
364, 1238*, 1426*, 2174, 2323
Johnson, K A 2331
Johnson, K W 2416
Johnson, M 625
Johnson, N H 1664*
Johnson, P T 364
Johnson, R E 183, 1661
Johnson, S
1448
Johnson, V J 1499*
Johnson, W D 1674, 1982*, 1983
Johnston, L C 1098, 1107
Johnston, M B 2144
Jolette, J
446, 610
Jolly, R
199
Jolly, R A
1527

514
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Jolly, R H
2392
Jonas, W
1865*
Jonas, W B
1869*
Jones, C
1206, 1229
Jones, C S
1950
Jones, D E
283
Jones, D P
1110, 1360
Jones, H
1857
Jones, H B
2168*
Jones, J
253, 2295
Jones, K
2135
Jones, R
180, 1090
Jones, R C
2395
Jones, R D
1305
Jones, T W
752*
Jong, P C
1174
Jordan, H
198
Jordan2, V
358
Jortner, B S
1466*, 1467, 1470, 1800, 1801
Joseph, P
1179, 2044
Joslin, D
1684
Josset, P
847
Jovanovic, M L
811*
Joyner, D R 2117
Ju, C
1124*
Judah, D J
796
Judo, M
182
Jun, G
557
Jun, I
247, 682, 684*, 1817
Jun, Y
1938
Jung, C T
810
Jung, E
2396
Jung, R
1634, 2324*
Junker, K
1047

K
Kabilan, S
35
Kabirov, K K 946*
Kadambi, V 757
Kadambi, V J 2422, 2423
Kadokura, H 1316, 1670
Kadota, T
1614
Kadowaki, T 2442
Kadry, A M 2205*, 2320*
Kaefferlein, H 1252
Kaempfe, T A 2336
Kaetzel, R S 1258*, 2201
Kagan, V
2005
Kagan, V E
12, 15*, 1158, 1163, 1556, 1557,
2002, 2003, 2004
Kahl, M D
1565
Kai, M
925, 2100
Kailasam, S
1517
Kale, V M
681*
Kalefi, T
2178
Kalgutkar, A 2138
Kallman, M J 736, 739*
Kalluri, R
469
Kalmes, M
211
Kaltenhaeuser, J
142*
Kaluzhny, Y 319, 1593
Kamal, M A 1045
Kamata, E
130
Kamendulis, L M
955, 1125*
Kamenosono, T
615
Kaminski, N 1041
Kaminski, N E
266, 1729, 1732
Kamischke, A 2105
Kammueller, M
788
Kan, H
1084
Kanazashi, S 1094
Kanbori, M 206
Kaneko, S
204

Kaneko, T
577
Kang, C
2211
Kang, G
2068
Kang, H
273, 791, 1938, 2268
Kang, I
1938
Kang, J
401, 1228, 1339*, 1359*
Kang, K
64, 1230*, 1389*
Kang, T
1938*
Kang, W
581
Kang, Y
642, 1049, 1379, 2152, 2156
Kanki, K
978, 2134
Kannan, E
1978
Kanno, J
57, 155, 577, 2128
Kanno, T
790
Kanthasamy, A
4, 1766, 2007, 2008
Kanthasamy, A G
1766, 2007, 2008
Kanz, M F
2139*
Kapetanovic, I 1677
Kapetanovic, I M
601, 1674, 1676, 1982, 1983
Kaphalia, B S 287, 691*, 692
Kaplan, B L 1732*
Kappler, M
1252
Kapralov, A A 1158, 2003, 2004
Karanth, S
1473*, 1474
Karasov, W H 364
Kariya, C T 508, 638*
Karla, T
1515
Karuri, A R 1707*
Kasahara, Y 1378
Kasai, H
1694
Kashari, M
2178
Kaspareit, J
2167*
Kasten-Jolly, J 327
Kastrati, I
2163*
Katagiri, H
2442
Katein, A
1857
Kato, M
527
Katoh, K
204
Katsifis, S P 544
Kauffman, F 899
Kauffmann, H 522, 2324
Kaufman, J D 234
Kaufman, S 172
Kaufmann, W 48, 1432
Kaur, P
1780*
Kause, J
2205, 2320
Kavanagh, T 992, 1472, 2006
Kavanagh, T J 229, 234, 488, 507
Kavlock, R
2337
Kavlock, R J 1128, 1129*
Kawabata, T 619, 1748
Kawabata, T T 1737
Kawabe, M
1423
Kawai, R
2272
Kawakami, T 83*
Kawamoto, T 193, 676, 693, 798, 868*, 2269
Kawanishi, M 790
Kayama, F
865*, 1023, 2031
Kaydos, E
1166
Ke, H
2027
Ke, S
1322, 1330
Kearney, M
804
Kedderis, G L 1274, 2144
Keeler, G J
2213
Keen, C
934
Keenan, J J
1249*
Keene, B
1529
Keener, M
198
Keep, R F
1103
Kehl, M
1291
Keil, D
256, 288*, 571
Keita, K
972
Kelleher, C
1924
Keller, A
1883
Keller, N P
1994

Kelley, T
1857
Kellner, T P 2290
Kelly, D P
1055
Kelman, B J 2314
Kelsh, M
848
Kelsh, M A
2184
Kemmerer, M 789
Kemper, R A 2115*
Kendall, L
580
Kendall, R J 176
Kendig, D M 487*
Kenna, G
2135
Kennedy, A
1564
Kennedy, G L 2325
Kennedy, I M 1026
Kennedy, J
378
Kennel, P
2254
Kennett, M J 207
Kensler, T
17
Kensler, T W 20*, 502, 1348
Kent, M
849
Kenyon, E M 2380*
Kenyon, N J 1068
Kerdine, S
1143
Kerdine-Roemer, S
1734*
Kerger, B D 99*, 561, 570, 1536
Kerkvliet, N 1656
Kerlin, R L
630
Kern, C
1765*
Kern, P
377
Kern, P S
1132*, 2277
Kerr, H M
1942
Kerri, L
1417
Kerzee, J K
1877
Keshava, C
55, 380, 382
Keshava, N
1635*
Kester, J E
2296*
Keun, H C
161
Key, P B
1563
Keyhani, A
610, 612
Khalil, R
2433*
Khambatta, Z S
1551
Khan, M
185*, 1022, 1720
Khan, S
209, 358, 1246, 1673*
Khan, W
1447
Khang, H
2064
Khaphalia, B S
1720
Kho, Y
1400
Kiebler, Z
494
Kiechle, M
538
Kieswetter, K 1691
Kijtawornrat, A
1529*
Kiker, G
1639
Kikkawa, H 636
Kil MD, J
1297
Kilgore, M W 305
Kilgour, J
1231
Kille, P
1087
Kilroy, C
1684
Kilty, C
457
Kilty, C G
534*
Kim, A S
116*
Kim, C
605, 2064
Kim, C H
2410
Kim, D
162, 677*, 683, 839*, 965, 1049,
1216, 1371, 1393, 1403, 1407, 1408*, 1409,
1410, 1413, 1959
Kim, D H
885
Kim, D W
1752
Kim, E
445, 791
Kim, G
247, 682*, 684, 1817
Kim, H
269*, 572, 1076, 1076, 1216,
1339, 1345*, 1359, 1393, 1403*, 1403*, 1409,
1411, 1518, 1658*
Kim, H G
86, 1350*
Kim, H J
1431, 2365

Kim, I
1938
Kim, J
85, 269, 269, 401, 581, 1049,
1076, 1216*, 1371, 1393, 1400, 1403, 1407,
1408, 1409, 1411, 1412, 1794, 1813, 2053,
2334, 2334
Kim, J H
1959
Kim, J Y
86, 1218, 1410
Kim, K
209, 358, 572*, 1431, 1450,
1452*, 2365
Kim, K H
923
Kim, K Y
1752, 1959
Kim, M
530*, 1389
Kim, N
1366
Kim, S
401*, 450, 450, 702, 885*, 1230,
1389, 1794, 1794, 2420
Kim, S K
671*
Kim, S S
885
Kim, T
308*, 1938
Kim, Y
639, 640*, 672, 1513
Kim, Y B
1690
Kim, Y W
1959
Kim, j
1794
Kimbell, J
9
Kimbell, J S 35, 1885, 2117, 2125
Kimber, I
376, 377, 378, 770*, 953, 1140,
1145, 1222, 1836*, 1837*, 1840, 1841,
1931, 2254*, 2255, 2259, 2260, 2261, 2264,
2273, 2277
Kimmel, E
1033, 1034
Kimmel, E C 1031, 1032*
Kimura, K
1530
Kimura, T
2272
Kinaga, T
193, 676, 693, 798, 868, 2269
Kinboshi, M 104, 105
Kincaid, A
1420
Kind, J A
2192
King, M A
2433
King Heiden, T
394*
Kiningham, K 1009
Kinoshita, A 1228
Kinoshita, M 636, 2166
Kinsella, T
2363
Kinsey, G R 456*
Kinslow, C
797*
Kinslow, C J 701
Kinter, L B
2243
Kinzell, J H 2322
Kirby, P J
1029, 1053*
Kirillov, E
668
Kirk, C A
558*, 2278
Kirk, R
1197
Kirk, S A
1739
Kirkpatrick, D T
1232, 1239, 1696
Kirlin, W G 674
Kirman, C R 463
Kirsch, G
655
Kirsch, G E 663, 665
Kirschten, N 2350
Kishi, R
119
Kisin, E
846, 1556*, 1557
Kissling, G
546, 1831
Kissling, G E 2101
Kitagawa, K 693, 798
Kitamura, Y 978
Kitazima, T 206
Kitchin, K
54
Kito, G
667, 1316, 2154
Kiyosawa, N 186*, 206
Klaassen, C
1988
Klaassen, C D 10*, 202, 564, 1334, 1349, 1361,
1363, 2147
Klabunde, K J 2202
Klaunig, J E 331*, 955, 1122*, 1125
Klausner, M 44, 319, 396, 1591, 1593
Kledal, T
131

Kleeberger, S R
1029, 1067, 1502*
Klei, L R
441, 2047
Kleiner, H E 1883*
Kleinert, K
2323
Kleinjans, J C 2218*
Kleinman, M 246
Kleinman, M T
2175*
Kliewer, S A 1321
Klingler, K E 2410
Klintworth, H 1109
Kluetzman, K 1833
Knaak, J B
1207, 1219
Knadle, S
110
Knadle, S A 729
Knapp, G
53
Knapp, J F
936*, 1236
Knapton, A 125, 295, 1665
Knapton, A D 296*
Knaup, W
1634
Knecht, K T 1419*, 2410*
Knecht, M M 1419
Knight, A
1582*
Knight, B
462
Knipp, G T 362, 919
Knippels, L M 2253*
Knobloch, T J 1648
Knochel, J
1240, 2328
Knoerr-Wittmann, C 1347
Knudsen, G A 592*
Knutsen, J
851, 1254
Ko, J
1794
Kobayashi, K 1091, 1451, 1530
Kobayashi, M 1378
Kobayashi, T 1378, 1749
Kobayashi-Hattori, K 275
Kocerha, R J 1352
Koch, M
242
Koch, W H 2329*
Kochanek, P 2005
Kochar, J
1108
Kochar, J K 1488
Koda, S
107
Koda, T
1421
Kodama, Y
978
Kodavanti, P R
2411*
Kodavanti, U P
240, 1062*, 1063, 1194,
2173, 2411
Koehl, R
471
Koga, T
1309*, 1316
Koganti, A
1540, 1541
Koh, W S
1690*
Kohara, A
2140
Kohli, A R
78
Kohrman, K A
1260
Kohut, M
272
Kohute, C R 1586
Koivunen, M 1518, 1936
Koizumi, A
104, 105, 106, 107, 108, 2435
Kojima, C
411
Kolaja, K
182, 987, 1907, 2392
Kolaja, K L
169
Kolanczyk, R 2295
Kolanz, M
849
Kolvek, B
2099
Komiyama, M 1614, 1952, 1987, 2110
Kommineni, C
846
Kondo, T
119
Kondraganti, S
1811
Kondraganti, S R
1646*, 1818
Konduru, N V 1163
Konig, B
822
Konig, R
2405*
Kono, M
108
Konsolaki, M 1781
Konsoula, R 1973*
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Koo, E
293*
Koos, R D
392
Kopf, P G
2170, 2171*
Koppelman, S J
2253
Koppikar, A 347, 348*
Korashy, H M 2079*
Korb, S
1296, 1298
Korrapati, M C
452*, 688
Korsch, M
2065
Korte, H
2335
Korte, J
1941
Korte, J J
1572, 1573, 1942*
Korte, L M
1572, 1573, 1942
Korte, S H
1311*
Korwel, I
588*
Kosaka, N
2279, 2281, 2282
Kosemund, K 1260
Kosian, P
1941
Kosian, P A 1942
Kostrubsky, V 1004, 2138*
Kostyniak, P J 1207, 2436
Kosyk, O
1225
Kotha, L
951*
Kotick, J
1800
Kouadio, J H 1387, 1388
Kouadio, K
2263
Kouppari, A K 2293
Koutrakis, P 2211
Koyano, S
1333
Koza-Taylor, P 294
Koza-Taylor, P H
200
Krajnc-Franken, M
997
Kramer, J
655*
Kramer, J W 659
Kramer, P
598
Kramer-Stickland, K 250, 308
Krance, S M 941*, 1161
Kransler, K M 95*
Krantis, A
1975*
Krantz, Q T 2430
Krauthauser, C L
72
Kremer, J
1270
Kretschmer, X C
1327, 1830
Krieger, R I 1249
Krieger, S M 1052
Krieter, P A 935
Krishna, C
1968, 1970
Krishnamohan, M
2086*
Krishnamoorthy, R
617
Krishnan, K 565, 893*, 916, 1273, 1609,
2366, 2382
Krishnaraj, R 601*
Kristovich, R L
1031, 1032, 1033*
Krone, P H 147
Krowech, G 899
Krueger, M
34
Kruhlak, N L 1133
Kruse, S
1109
Krysiak, B
703
Krysiak, O
703
Ku, H
273, 791, 2268*
Ku, W W
1130
Kubik, R
2138
Kubilus, J
44, 319, 396, 1591, 1593
Kubota, R
1213
Kuehl, C J
2073*
Kuempel, E D 349*
Kuester, R
2149*
Kuester, R K 592, 593
Kuhl, A
1364*
Kuhl, P
309
Kulas, J
2199
Kulkarni, G S 806*, 1038
Kulkarni, S
2138
Kullman, S
1955

516

SOT 2006 ANNUAL MEETING

Kultima, K
368
Kumagai, K 2272
Kumagai, Y 480
Kummeneje, E
2066
Kunugita, N 676
Kuper, F
373, 1047
Kurahashi, N 119
Kuramoto, S 1530
Kurata, M
1315*
Kurnikov, I V 1158, 2004
Kuroiwa, Y
972, 978*, 2134
Kurose, K
1333
Kuryshev, Y 666
Kuryshev, Y A 659, 663*
Kusaka, Y
107
Kushida, H
2166
Kushida, M 1228*
Kusnecov, A 1115
Kuszak, J
366
Kuwabara, Y 882*
Kuwagata, M 1427, 1460*
Kuwano, K
2154
Kuykendall, J R
1264, 1265, 1266, 1267
Kuznetsov, A 2344
Kwack, S
401
Kwanyuen, P 1089
Kwekel, J
985
Kwekel, J C 227, 398*, 403
Kwok, R
408
Kwon, J
1049*
Kwon, Y D
1690

L
La, H
844
La Du, J K
1210
La Merrrill, M 316
Labashinsky-Heinrich, E
Labenski, M T 2122
Labhart, P
1071
Lacasse, E
633
Lacerda, A E 659*
Lacher, S E
1828*
Lacour, S
1894*
Ladd, W
1859
Ladics, G
2239*
Ladics, G S
769*
LaDu, J K
1120
Lafferty, J S 649*
Lahousse, S 1238
Lahsaei, P
1791
Lainee, P
1317
Lake, S
1702
Lakeram, M 690*
Lalko, J
813, 2271*
Lalli, E
1324
Lalonde, G
1037
Lam, K
560
Lamar, P C
449, 1663, 2022
Lamb, J C
1235
Lamb, J G
1650
Lamberson, W R
1405
Lambert, J C 2197*
Lambright, C 1168, 1233*
Lambright, C R
1545
Lamm, S H 869*
Lammers, J
48, 2381
Lamore, S
396
Lampertsdoerfer, T
447
Lamy, E
551*
Lan, C
1757
Lan, Q
526
Landenberger, B
1631
Landgren, C A 272*

528

Landolph, J R 2085*
Landthaler, M 822
Lane, J
757, 2423
Lane, N L
427
Lang, W
985, 996*
Langer, C
580
Langston, W J 1107
Lanham, D
1745
Lanning, L L 1704
Lanosa, M
1030
Lansita, J A
132*
Lantum, H M 523, 1977
Lantvit, D D 1645
Lantz, R
422, 437, 2074*
Lantz, R C
2073, 2349
Lanyon, R
1610
Lapczynski, L 1296, 1298
Lapets, O
511, 1960
Lapin, C
860
Lapointe, J
620, 1744
Lappin, P B 308, 625, 1740, 1741
LaPres, J
2034
Larange, A
1734
Lariviere, R
1944
Larkin, P
1584
LaRochelle, A 1683
Larsen, G
2332*
Larsen, L
60
Lascu, S
1532
Lash, L H
460*
Laskin, D L 481, 1007, 1064*, 1706
Laskin, J D
481, 831, 1007, 1064, 1188, 1706
Laskin, O
133
Lasky, R E
1453
Lasley, B
1567
Lasley, B L
2384
Lasley, S M
338, 1789*
Lassen, N
366*, 468
Last, J A
1068
Latchoumycandane, C 1712*
Latendresse, J 2146
Latendresse, J R
452, 459, 467, 1008,
1943*, 2157, 2304
Lathall, A
587
Latriano, L
133
Lau, C
370, 576*, 932, 937, 2337
Lau, C S
369
Lau, S S
174, 483, 574, 1381, 2122
Laudermilch, C
136*
Laudermilch, C L
137
Lauer, F T
264
LaVire, H
673
Law, B F
379
Lawlor, T E 547
Lawn, D
959
Lawrence, B 257, 258, 1552*, 1898
Lawrence, D A
327*, 1100
Lawrence, J W 2133
Lawrence, P B 277
Lawrence, W B
1244
Laws, S
1932, 1946*, 1948
Laws, S C
1566
Lawson, D
860
Lawton, M
994, 1744, 1859
Lawton, M P 200, 294
Layer, J
651
Lazennec, G 777
Le, T
1962, 1963
Le, X C
975
Le Nedelec, M J
60
Lea, I
967
Leach, A C
1700
leach, G
1622*
Leach, G J
2069
Leakey, J E
1655, 1717

Lear, A M
1241
Learn, D B
818*, 819, 2087
Leavens, T
1272*
Leazer, T
402
Lebetkin, E H 100*, 1878, 2371
LeBlanc, G A 1953
Leblond, N
1531
Lebrun, S
309*
Lechuga, D 1037
LeClaire, R D 1921
Lecoeuche, D 1734
LeCureux, L W
2147*
Ledbetter, A D 233, 1062, 1063, 1194, 1698
Ledesma, J B 817
Ledoux, T
1571
Lee, C
415, 797, 2249
Lee, D
247, 682, 683, 684, 1817
Lee, D W
2436*
Lee, E
247, 672, 677, 683, 905, 1813
Lee, E Y
1221
Lee, F W
1655*
Lee, G
1548
Lee, H
605, 923, 1690, 2420
Lee, J
269, 581, 605*, 1049, 1185, 1230,
1325*, 1966, 2053, 2064
Lee, J S
1752
Lee, K
80, 580, 1409, 1411, 1412, 2018*
Lee, K J
2440*
Lee, K M
183, 230, 1661*
Lee, K P
1055
Lee, K Y
1356
Lee, M
987, 2165
Lee, M K
1090
Lee, P
1185
Lee, R
401, 1222, 1968, 1970
Lee, S
247, 672*, 682, 683, 684, 684,
1803*, 1817
Lee, T
1717
Lee, W
1292*
Lee, Y
1185*, 1468, 1469*
Lee, Y J
1690
LeFevre, S
115*
Lefkowitz, L 2350
Legare, M E 1097
Legay, F
788
Legler, J
384
Lehman-McKeeman, L
1334, 2221*
Lehman-McKeeman, L D
1710, 2147,
2227, 2228
LehmanMcKeeman, L D
161
Lehmann, G M
420*
Lehmler, H
588, 1221
Lehner, A F 1406
Lehto, M
372
Lei, X
1988
Leibold, E
586
Leighton, J K 2
Leikauf, G D 87, 504
Leikin, J B
1625
Lein, P
1441*, 1450
Leininger, J R 2330
Leino, M
372
Leinweber, B 174*
Leinweber, B L
2351
Leisy, A E
304
Leiter, K
1914
Leith, D
1702
Leitner, H
1714*
Leiva Presa, A 1574
Leko, N
554
Lemanissier, M
1532
Lemasters, J J 1003, 1715*
Lemos, M
2211
Lencinas, A 2048*
Leng, G
1249

Lentz, S E
694
Leon-Chavez, B
2032
Leonard, R C 1275
Leonard, S
1046
Leonard, S S 543
LePage, K T 1429*
Lepoittevin, J 1590
Leppert, S
2193
LeSauteur, L 1739, 1748
Leseman, D 1193, 1198
Leslie, E M
1672
Leslie, H
2345*
Letizia, C
938*
Letzkus, M
141
Leuillet, S
1074, 2397
Leung, H
561*, 570, 1536
Levant, B
1988
Leverette, R D 531*, 557, 1721, 2338
Levesque, P C 662
Levin, A A
250, 292, 308, 455, 602
Levin, B C
795*
Levin, E
2232, 2236*
Levin, E D
609, 1439
Levine, A M 2077
Lewandowski, T A
2195, 2341*
Lewis, C
2291
Lewis, C M 2290*
Lewis, D A
1666
Lewis, D L
201
Lewis, E
942
Lewis, E M
933, 938
Lewis, J
1121
Lewis, K
844
Lewis, L M
867
Lewis, S M
1655
LI, A P
1957*
Li, D
662
Li, G
526, 577
Li, H
185, 246
Li, J
1966, 2415, 2434
Li, K L
2330
Li, L
899, 981, 1176
Li, M
261*, 999, 1990
Li, N M
1957
LI, Q
1195*, 1196, 1197, 1645
Li, T
2375*
Li, W
641, 1365, 2028, 2434
Li, X
191
Li, Z
1251, 1251
Li, Z J
1555*
Lia, F
1767
Liang, L
1101
Liang, Y
1037
Liao, G
548
Liao, K H
1271, 1875, 1886, 2310*
Liao, W
436
Liao, X
159, 1548
Lichtensteiger, W
1928*
Lickteig, A
2400*
Liebler, D C 509, 1016, 2011
Lieder, P
603, 1234, 2327*
Liesivuori, J 1623
Lieuallen, W 2174
Lifen, J
1259
Liguori, A
437
Liguori, M J 1708, 1711, 1905*
Lilienthal, H 384
Lim, C
874, 927*
Lim, D
1409*
Lim, E
91
Lim, F
953*, 1222, 1931
Lim, H
605
Lim, J
920
Lim, K
401, 500, 2054
Lim, L
2292*

Limon, J H 1769*
Limpach, A 1420
Lin, A
294
Lin, C
92, 93*, 160*
Lin, G
2046
Lin, J A
1999
Lin, L
94, 802
Lin, P
92*, 93, 436, 954*
Lin, Q
2427
Lin, T
921, 922*
Lin, W
1558
Lin, X
952*
Lin, Y
39, 346, 1520, 1535, 1660
Linak, W
236, 249
Linak, W P
707
Lind, M
89
Lind, M P
88, 1575
Lind, P
1574*
Linden, J
84
Lindon, J C 161
Lindsay, D
1924
Ling, G
1833
Lingenfelter, R A
525, 1250*
Linger, A
1036
Lingle, W L 519
Linkov, I
1639*
Linney, E
1876
Linnum, A L 1565
Linsley, P S
201
Liou, J
2412*
Lipinski, R J 128*
Lippmann, M 1195, 1197
Lipscomb, J C 1274, 2197, 2289*, 2383
Lipsky, M M 448
Lisek, R
1802
Lisowski, A R 1114
Liston, V
101, 102
Litterman, A 1783
Little, S B
1887
Liu, C
620
Liu, F
1191*
Liu, F F
1255
Liu, G
1520
Liu, J
58, 343, 431, 1473, 1474*, 1663,
2022, 2026*, 2040
Liu, L
860
Liu, M
2159
Liu, Q
293, 988*, 1389
Liu, S
209*, 358, 1157
Liu, W
1759
Liu, X
1760, 2401
Liu, k
435
Liu Ph.D, J 1297
Livanos, E
546, 1291
Llados, F
892
Lnenickova, Z 1257
Lo, W
954
Lobenhofer, E K
2132
Locey, B J
583, 585
Loch Caruso, R
1553
Lochry, E
253
Lock, E A
452, 467
Lockley, D J 690
Lodge, J
568*
Loehr, C
1656
Logan, T P
81
Logue, B A
1918
Loguinov, A 786
Loguinov, A V 1564
Lohitnavy, M 1278, 2123
Lohitnavy, O 2123
Lomax, L
804
Lombard, C A 1162*
Long, C M
2305
Long, J P
1921
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Long, K E
1625
Long, L
191
Long, T
513*
Longstreth, J 2312
Lonning, S
633
LoPachin, R M
2421, 2427
Lopez Carrillo, L
863
Lopez-Gonzalez, L M 1822
Lord, J L
483*
Lord, P
789
Lordo, R
2176
Loson, O
94
Lotti, M
1465
Lotz, K
447
Louden, C
2168
Louden, C S 1857*
Lough, J
143, 144
Loughran, T P 889
Louie, H
2065
Loveless, K
1786
Loveless, S E 2325*
Lovik, M
878*
Lowit, A
46, 2284*
Lowit, A B
1478, 2285
Lowney, Y
409*
Lowney, Y W 410, 1258, 2188, 2190
Lowry, G V 513
Lowry, K
1386
Lu, B
294
Lu, G
65*
Lu, H
564, 1988*
Lu, I
984
Lu, M
975
LU, Y
539*, 1019, 1278, 2123*
lu, b
994*
Lubet, R A
1676
Lucas, A
2339
Lucas, F
1305
Lucas, S
76
Lucchini, R 188
Luchtel, D L 234
Lucock, A
1313*
Luderer, U
1549
Ludewig, G 1542
Ludlow, J W 2144
Luebke, A E 1449
Luebke, B
255*
Luebke, R
1897
Lujan-Galvan, V
112, 280
Lulham, G
230, 1965*
Lulla, A
1344*
Lum, R
993
Lumley, L A 68, 78*
Lumpkin, M H
1274*
Lund, A K
355*, 779, 2171
Lund, K C
2155*
Lundback, S S 82
Lundberg, M 48
Lundberg, R 89*, 1574, 1575*
Lundebye, A 1998
Lundquist, R B
1066
Lunec, J
2083
Lunstra, D
2096
Luo, F
547
Luo, H
957
Lurie, D I
1797
Luross, J
286*
Lusiak, B D 2352*
Lusis, J
1548
Luster, M I
1497*, 1499, 1555
Lustofin, K
153*
Luyendyk, J P
1002, 1708, 1710*, 1711,
1905, 2148
Lynch, B S
1638, 2335
Lynch Ph.D, E
1297
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Lynes, M
265*
Lyubimov, A 601, 1677
Lyubimov, A V
946

M
Ma, J K
479
Ma, J Y
479*
Ma, L
365
Ma, M
119*
Ma, N
174
Ma, Q
2046
Ma, Y
1558*
Maatta, J
372
Macalady, D L 814
MacDonald, J 2094
MacDonald, J M
2093, 2144
MacDougald, O
2232, 2233*
MacGregor, J A
383
MacNair, D 876*
MacPhail, R C
1491*, 2411
MacPherson Ph.D, B 1297
Maczka, C
2205
Maddaloni, M A
352*
Maddelena, R 1255
Madden, M C 235, 635, 746*, 751, 1180
Maddox, J
1496
Maddox, J F 1002, 1005, 1708, 1710, 1711,
1718, 1905
Madejczyk, M S
2067*
Madhukar, B V
1021*
Madl, A
848, 849*
Madren-Whalley, J
1968, 1970
Maduabuchi, J M
1995
Maekawa, A 1652
Maekawa, M 925
Maerkel, K
1928
Magness, S
947
Magotani, H 2154
Mahadevan, B 38*, 55, 1816
Mahagita, C 2131*
Mahammad, R B
340
Maher, J
564, 1334
Maher, J M
202, 1349, 1361
Mahl, J A
788
Maier, A
890*, 917
Maier, C
2256*
Maier, R M 2078
Maier, W E 1678
Mailman, R B 1374
Maisch, T
822
Majeska, J B 2115
Majkova, Z
91*, 305
Major, M A 2366*
Maki, A
162, 194
Makin, A
131*
Makoto, N
140*
Makris, S
1425
Makris, S L
1428*
Makynen, E A 1565
Malamant, M 2343
Malarkey, D 2174
Malarkey, D E 329*
Malek, N A 871*
Mally, A
506, 963*
Manabe, S
206, 2272
Manak, M
1307
Manauto, J E 1321
Manautou, J E
200, 202*, 563, 1001,
1006, 1367, 2400
Manca, D
913, 1269
Mancebo, A M
1911, 1912*
Mandlekar, S V
662
Manetz, S
2091

Mangialaio, S 2141
Manibusan, M K
2300*
Maniratanachote, R 204
Manivasakam, P
538
Manley, A
383
Mann, K K
419*
Manning, M L
173
Manoukian, R 172
Mansour, M 2187
Mantell, L
1186*
Manthei, J
80
Manuel, J
2060
Mao, C
1999
Marcek, J M 613
Marchan, R 1161*
Marchant, C A
1903, 2143
Marchant, G 1865
Marchant, G E
386*, 720*, 1868*
Marcoux, M 2391
Marcus, J
1426
Marczynski, B 1252*
Marinik, B J 1929
Marinovich, M
282
Mario Cesar, S 1401
Marit, G B
2322
Markgraf, C 736, 737*
Markham, D A
1247
Marko, D
1986*
Marlowe, J
1877
Marlowe, J L 219*
Marnett, L
751*
Maroni, M
281
Maronpot, R R
364, 1224, 1426, 2174
Marque, T D 555
Marquez-Rosado, L 1644
Marr, M C
1242
Marr, R
566*
Marroquin, L D
1808, 1908*, 1909*
Marsden, A M 1386
Marsh, E
1922*
Marsh, G
1174
Marshall, B
1997
Marshall, G D 326*
Marshall, P
1743
Marshall, R S 46, 1475, 1478
Marshall, V 2345
Marta, M
1489
Martin, B
1922
Martin, D
2045
Martin, F
615
Martin, L
1548*
Martin, R
638
Martin, R S 237
Martin-Jimenez, T
601
Martinez, E J 1793*
Martinez, M 578, 1821
Martinez, M A
578, 1489*, 1821
Martinez-Aguilar, G 2057
Martinez-Larranaga, M R
578, 1489, 1821*
Martinez-Levy, G
2061, 2075
Martini, B D 1370
Martino-Catt, S
80
Marty, M
727*
Marty, M A 2185
Marty, M S
1248*
Marvanova, M 1843
Mascarenhas, R A
1626
Maserek-Ruud, W
1918*
Mash, D
1086
Mash, E A
424, 425, 427
Masoka, X
533
Mason, A M 1271*
Mason, R
620
Mason, S
650, 661, 1308*
Mason, s
651

Massey, T E 542, 643, 644, 1649
Massulik, S
1636
Masubuchi, N 1621*
Matei, A
1160
Matherly, C 1930
Mathew, L K 222*, 223
Mathias, R L 594
Mathieu, L
847*, 1587
Mathrani, V C 1068*
Matson, J
602
Matson, K
80
Matsubara, E 104*, 105, 106*
Matsui, K
1326
Matsumoto, M
130
Matsumura, F 777, 950, 1539
Matsuno, K 798
Matsuno, Y 1614
Matsuo, J
667
Matsushita, T 1091
Matta, J L
541*
Mattes, W B 1073*, 1905
Matteucci, P 1454
Matthews, E J 905, 1133*
Matthews, J 360, 361*
Matthews, J L 2368, 2376*
Matthews, M 1923
Mattia, A
766*
Mattie, D R 1279*, 2367
Mattingly, C 998*
Mattingly, R R
1176
Mattsson, J L 718, 722*, 1248
Matulka, R A 763, 768*
Matuszkiewicz, A
34
Matz, C J
147*
Mauderly, J
2212
Mauderly, J L 241, 1201
Maurer, G
788
Mauzy, C
1664
Maxwell, G 376
May, J R
656*, 2169
May, R D
1621
Mayeno, A N 2126*
Mayer, A M 1396*
Mayer, J
905
Mayer, L P
393
Mayfield, D B 859*
Mazor, K A
2432
Mazzone, M 292
McAtee, M
51
McBride, S
40
McBride, S J 2036
McCabe, M J 279, 417, 420, 1176
McCain, W C 2070
McCallum, G P
1434*
McCarty, J
943*
McCash, C L 127
McCaskey, D 1033, 1034
McCaskey, D A
1031*, 1032
McCaskill, M L
1654*
McClain, C J 1733
McClellan, R O
730
McClure, P 380, 1636
McClure, P R 382*
McConnachie, L
488*
McConnachie, L A
234, 507
McConnell, E E
2331
McConnell, W R
619*
McCormack, A L
1105*, 1107, 1112
McCormick, D L
1674, 1676, 1982, 1983
McCourt, M 633
McCready, D I
387
McCumbee, W
454
McDaniel, K 46
McDaniel, K L
1799
McDermott, T
631

McDiarmid, M
2071, 2072*
McDonagh, P 2150
McDonald, J 241*, 566, 2212*
McDonald, J D
1201
McDonald, T 1250, 2182, 2307
McDonald, T A
2322
McDonald, T B
2296
McDonald, T J
525, 1251
McDonough, J H
68
McDougal, J N
836*, 837, 838, 2118
McEwen, A B 587, 1589*
McGarrigle, B P
1207
McGaughy, R 2302
McGee, J K 1698
McGinnis, P 1636, 1926
McGlothan, J L
1846
McGovern, T 735*
McGrath, P 39, 1535
McGraw, J E 686*
McGregor, W 800
McGuinn, W 571*
McGuire, J
71*
McGuire, J M 68, 70, 77
McKay, C
1903
McKee, C M 2019*
McKinney, P 1528
McLanahan, E 2386
McLaughlin, B
1786
McLellan, C J 886, 1613
McMahon, J 2328
McMahon, J M
811
McMahon, N 652*, 1533
McManus, C 1843
McMartin, K 464
McMillan, D A
1260
McMullin, T S
597*, 2370
McNally, A J 442*
McNamee, P M
2275
McNaughton-Smith, G A
618
McNeely, S C 417, 418*
McNett, D
589
McPhail, B
680*
McPherson, S M
610*
Meacham, C A
1481*
Meacher, D 2175
Meade, B J
254, 379
Means, J C
2056
Medina-Diaz, I M
1331*
Medverec, Z 554
Meecham, K G
657*, 658, 660
Meek, E C
695, 1476*
Meeker, L
1240, 2328
Meerts, I
1971
Meeuwen, J v 1171*
Megyesi, J
164
Mehendale, H 1506*, 2146
Mehendale, H M
299*, 300, 452, 467, 688,
1008, 2145, 2157, 2304
Mehendale, H m
2137
Mehta, H
1108
Meibian, Z
1259
Meistrich, M L
1547
Mekebri, A
2313
Mekenyan,
2295
Mekhtiev, A 1250
Meldrum, B 1468
Mellinger, K N
1264*, 1265, 1266, 1267
Melnick, R L 2368
Melstrom, P C
47*
Melvin, A E 2370
Melvin, C
2142
Members of the NCT ToxPath Team, N
313
Menard, S
1176
Mendez, E
887*, 1425, 1428
Mendez, L B 246

Mendez, W 2312
Mendoza-Garrido, M E
2045
Mendrick, D L
82
Mendy, S A 81
Menendez, D 703
Meng, C K
1165
Meng, J
2161
Meng, Q
1090*
Mense, S M 1757*
Mensing, T
1252
Menzie, A
201
Menzies, A R 60
Mercado Feliciano, M 1934*
Mercer, R
1557
Merchant, H 1798
Merle, H
847
Merrick, B
1104
Merrick, B A 1081
Merrill, E A 1279, 2367
Merriman, T 844
Mersch-Sundermann, V H
516*, 551
Merten, K
2152
Merten, K E 1379*
Mertz, L
988
Mervis, R F 1800*
Messer, D C 594
Metcalf, C D 2246*
Metry, K J
800*
Metzdorff, S B 1945
Metzler, M
675
Meyer, K
134
Meyer, S A
681
Meyerhoff, R D
880
Meza-Velazquez, R
280
Michael, D
356
Michaelidou, S C
2293
Michel, A
1745
Michel, C
1223*
Michelizza, S 1024
Mickle, B
2402
Mielke, H
2060*
Mihara, K
1378
Milanez, S
1624*
Milatovic, D 496, 498*, 1756
Milatovic, S 496, 498
Milchak, L M 879*
Milcova, A
1257
Milicic, I
1546
Millburn, G 1231
Miller, A
707*
Miller, A L
1914
Miller, B J
835
Miller, D
73, 80, 2284
Miller, D B
68, 70, 72, 1525*, 2417
Miller, D S
1754
Miller, G W 1106, 1112, 2441
Miller, H L
417
Miller, J
288, 1965
Miller, J A
2429*
Miller, J D
2387
Miller, J H
183
Miller, K A
931*
Miller, K L
1264, 1265, 1266, 1267*
Miller, M E 1782
Miller, M G 2107, 2111, 2369
Miller, M L 87, 931, 1810
Miller, P
293, 2091
Miller, R
198
Miller, R A
2331
Miller, R T
696
Miller, S
867
Miller, T
125, 1546
Miller, T J
295, 1665*
Miller, W H 419
Milleron, R S 344
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Millett, S
529
Mills, D
915
Mills, L J
1566*
Millsap, D S 920
Min, E
508
Min, K N
1959*
Mina, O
1048
Minard, K R 35
Ming, J M
540
Mink, P J
2180, 2184*
Minnema, D 2095
Minnick, T
1664
Minnick, T A 841
Minoia, C
282
Minomo, H 1670
Minsavage, G D
1355*
Minton, H E 529*
Mioduszewski, R
69, 73, 74, 75, 80, 1033
Mioduszewski, R J
68, 70, 71, 72, 77
Miracle, A L 1565
Mirajkar, N 1473
Miranda-Gonzalez, E 1354
Mirchandani, K
2014*
Mireles, R
2138
Mirfazaelian, A
1806, 2365*
Mirshokraei, P 1212
Mirsky, M
679
Mishin, V
831
Mishin, V M 1188
Misra, H
1214
Misra, M
2338*
Misra, V
1348
Mitchell, L
264
Mitcheltree, L 1924
Mitchum, G 1581
Mitkus, R J 2082
Mitra, M
2146
Mitra, M S
1008, 2157*
Mitroka, J
982
Miyagawa, M 1451
Miyagishima, T
186, 989, 1077, 1078,
1079, 1080, 1709
Miyajima, N 1094
Miyajima-Tabata, A 702*
Miyamoto, Y 1749
Miyaso, H
1614
Miyata, M
2434
Miyata, N
2140
Miyazawa, M 2281, 2282*
Mizon, K
2065
Mizukawa, Y 1709*
Mizuno, M
2280
Mo, J
407*
Mo, X
191*, 1767
Mobio, T A 1387
Moerkens, M 48
Moffat, I D 84
Moffett, D
699
Moffit, J S
200*, 202, 1321
Moggs, J
1231
moggs, J G
953, 1222, 1931*
Mohamadin, A M
575
Mohar, I
488
Mohl, B
1761*
Mohr, F C
1567*
Mohrman, M 1500
Moland, C L 1717
Molina, R
1751
Molinelli, A R 1180*
Mommers, C 373*
Moncek, F
89
Mondal, M S 1668*
Moneypenny, C
966
Monforte, J 553
Monks, T J
174, 483, 574, 1381, 2122
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Monteiro-Riviere, N 27*, 29
Monteiro-Riviere, N A
28*, 812, 823,
824, 825, 826, 827*, 828, 843
Monteith, D K
12, 13*
Montine, T J 498
Moon, H
1049, 1938
Moore, C
1302
Moore, D
1931
Moore, D D 1001, 1327
Moore, D J
953
Moore, D W 1284
Moore, E L
1937*
Moore, K R 615
Moore, M M 536, 2208
Moore, M R 1255
Moore, N
1437*
Moore, P K 2136
Moore, R
1326
Moore, R J
183
Moore, S A
657, 1699*
Moore, T B 2290
Moore, T M 157
Moorthy, B
1646, 1811*, 1812, 1818
Moos, P J
1164
Moraga, D A 1561
Moran, T E 79, 1035
Moreland, R A
406
Moreland, S 953
Moreno-Contreras, M 103*
moretto, a
1465
Morgan, D L 1029*, 1053
Morgan, J
899
Morgan, K T 1089
Morgan, R
172*
Mori, C
925, 1614, 1952, 1987, 2100, 2110
Mori, I
1620
Mori, K
2132*
Mori, T
61
Morin, D
490
Morin, E
2389*
Morin, J
523, 1187*
Morishita, K 1704
Morishita, M 2213
Morita, O
936, 1236
Morita, T
1048
Morris, D
2142
Morris, D L 1737
Morris, J
711, 712*
Morris, J B
1030
Morrison, E V 2015
Morrison, R G
454
Morrissey, R 1677
Morrissey, R L 1982, 1983
Morrissy, S
346
Morrow, D M 1186
Morse, J
1211
Morseth, S
942
Morsman, J M
2394*
Moser, G
1666
Moser, V
2284, 2285
Moser, V C
46, 884, 891, 1799*
Moses, M A 469
Moss, O R
184, 1697*
Mottaleb, M 1583
Mou, K
1966
Moudgal, C 918
Moudgil, B M 1045, 1561, 1562
Moukha, S
1387, 1388
Moulton, H M
599
Moulton, R 621
Mouneimne, R
1761
Moutot, H
1532
Moutvic, R
619

Mowat, F
854
Mowat, F S 2201
Moyer, G
1968
Moyer, G O 1958, 1970
Mudway, I
1198
Mueller, J
206
Mueller, L
1131*
Mueller, T
1347
Muijser, H
1047
Muir, B
1245*
Mukhi, S
176
mukhi, s
1580*
Mulhern, D 2140*
Mullen, M W 1265
Mullin, L S
49, 50
Mumford, J 407, 408*
Mumtaz, M 915, 1603, 1628*, 2304
Mun, G
559, 1595, 1968, 1970
Mundy, W
2116
Mundy, W R 1430*, 2414
Munro, I C 2346*
Munsie, L M 289
Munson, A E 254
Munson, J W 410
Muppana, L 1344
Murakami, T 193, 676, 693, 798, 868, 2269*
Murakami, Y 83
Muralidhara, S
680, 1431, 1803
Murata, K
107
Muratore, N 2151
Murli, H
555
Murnane, M 2423
Muro-Cacho, C
2406
Muro-Cacho, C A
2407
Murono, E P 390, 2102*
Murphy, G
1054*
Murphy, J
248, 285*, 286
Murphy, K A 832*
Murphy, L
1245
Murphy, R C 748*
Murr, A
1946, 1948
Murr, A S
389*
Murray, A R 846*, 1556
Murray, B P 1819
Murray, E
699
Murray, J M 175*
Murray, T F 1429, 2438*
Murrell, R N 552*
Musa, A M
1768
Musa-Veloso, K
2345
Musafia-Jeknic, T
55, 974*
Muscarella, D 1728*
Muscarella, D E
1727
Muse, W
80
Muse, W T
70, 72
Musgrove, D 1750
Musgrove, D L
268
Muskhelishvili, L
459, 1943, 2142
Mussali, P
2061
mussali, p
2076*
Mussali-Galante, P
2075
Muthiah, K 1646, 1811, 1818
Mutlib, A
2138
Mwanza, J K 1479*
Myers, C B
1242
Myers, E A
139*
Myers, L
2386
Myers, L P
379*
Myers, M
1685*
Myers, P
325, 2174
Myers, S R
2359*
Myhre, K I
878

N
Nabae, K
1421
Naciff, J
402
Naciff, J M
1260, 1551*
Nadadur, S S 5*, 705*
Nadkarni, P P 806, 1038*
Nafstad, P
878
Nagao, T
186, 989, 1077, 1078, 1079,
1080, 1709
Nagarkatti, M 1162, 1895
Nagarkatti, P 1895
Nagarkatti, P S
1162
Nagashima, H 1392*
Nagata, R
667, 1094, 1309, 1316, 1670,
1694, 2154
Nagata, T
1460
Nagayama, S 667, 1309, 1316, 1694
Nair, J
2083
Naito, A
2142*
Najarian, T
624
Nakagawa, H 1392
Nakahari, T 104
Nakajima, M 204
Nakama, K
1316, 1670*
Nakamura, I 492
Nakamura, J 438
Nakamura, M 865, 1421
Nakamura, Y 61*, 67
Nakano, K
1530
Nakashima, H 877
Nakashita, Y 1620
Nakatsuka, H 107
Nakayama, Y 67*
Nam, K
555
Nam, P
1558
Nambiar, M P 79, 1035
Namorado, M C
2045
Nancy, C
251
Nanez, A
156*
Nanjan, M
1985
Naoki, K
798
Napolitano, G 182
Naragoni, s
404*
Narahashi, T 1490
Narai, R
868, 2269
Narayan, S
949
Nardi, C
1722
Nareddy, V B 956*
Nash, J F
2373*
Naspinski, C 525, 1250
Nasreen, N
1045
Nass, R
1763, 1785, 1786
Nass, R M
1843*
Nasser, F
1462*
Nasser, F A
1463
Nataraj, S M 1978*
Natsoulis, G 987, 1889*
Nau, M
80
Naufal, Z S
525, 1251*
Naufel, Z S
1250
Naylor, J
1676*
Naylor, T L 1056, 1241
Ndifor, A
1683*
Ndountse-Tchapda, L 614
Nduaka, C I 1944*
Neal, B
1235*
Neal, M
34
Neale, J R
794*, 800, 1370
Nealley, E W 1914
Nebert, D W 87, 501, 931, 1809, 1810, 1877,
2024, 2029, 2030
Needham, L L 2113
Nees, D
366

Neff-LaFord, H
1898
Negishi, M
1224, 1326
Negley, T
1636, 1926
Negley, T L 858
Neilson, J W 2078
Neimanich, R J
824
Nel, A E
1501*
Nelms, L F
294
Nelo, K
1680
Nelson, A
2177
Nelson, D M 1334, 1710
Nelson, G
1206
Nelson, R B 613
Nelson, S
2225*
Nelson, T M 615
Nemec, A A 2047*
Nemec, M
49, 2437
Nemec, M D 936, 1232*, 1236, 1244
Nemery, B
1840*
Nemeti, B
439
Nesnow, S
1206*, 1229
Nestmann, E R
1638*
Nett, T M
7
Neuberg, M 1859
Neumiller, J J 258*
Newbold, R 1860, 2232, 2235*
Newbold, R R 400
Newkirk, K 1924
Newland, M C
1770*
Newport, S W 1002, 1005*
Newton, P E 656, 2169
Ney, E
2132
Ng, J C
1255*, 2086
Ng, S P
276, 928*
Nguyen, A
956, 1683
Nguyen, J V 1237
Nguyen, N
1807
Ngyuen, A
959
Ni, C T
298*
Ni, H
345
ni, h
1089*
Niaz, M S
2096
Nichkova-Dosev, M 1518
Nichols, A C 1586*
Nichols, T
1636*, 1926
Nichols, T A 1947*
Nichols, W K 1881
Nicholson, J D
1914
Nicholson, J K
161
Nickerson, C 175
Nicol, C J
1321
Nicolescu, A C
643, 644*
Nicoll, J
1167
Nicolli, A
1465*
Niedzwiecki, A
1398
Niehaus, M 2105, 2106*
Niehof, M
1346
Niehoff, M
2364*
Niemuth, N 1923
Nieuwenhuizen, P
2253
Nihart, V
785
Niino, N
206
Niittynen, M 84*
Nijmeijer, S 1543
Nikolskaya, T 668
Nilles, T
1348
Nines, R G
958
Ninomiya, S 2140
Nishida, A
1423
Nishijima, Y 1529
Nishikawa, A 972, 978, 2134*
Nishimura, H 1539
Nishimura, N 1539*
Nishimura, T 1213*
Nishiwaki, Y 877

Nitka, S
1597, 2347
Nitschke, K D 1052
Noailles, P H 2418
Noh, J
2054*
Nohara, K
1749*
Nohmi, T
972
Nohynek, G J 1151, 1154*
Noisel, N
870*
Noker, P
603
Nolan, J P
1698
Nomura, F
1614
Nomura, Y
1482
Nong, A
893, 2382*
Nony, P
1254
Norbury, K C 1691*
Nordberg, G F
2025*
Nordberg, M M
2052*
Norderhaug, I N
878
Nordone, P 1534, 1662*
Norhadian, S 2085
North, C
1708
Norton, K
650*, 661, 1308
Norwood, A B 1486, 1487*
Norwood, D L
732*
Norwood, J 937
Note, R R
1903, 2143*
Novak, M J 1911
Novak, R F
671
Novotny, L
515
Nuber, D
943, 1689*
Nwagbara, O F
2114*
Nye, S
1296, 1298
Nye, S H
1617*
Nyland, J
284
Nyland, J F 1175
Nylander-French, L A 808, 839
Nyska, A
1194, 1537, 1538, 1666, 1831, 2174

O
O Callaghan, J P
2419
O’Brien, E
472, 473, 474, 475, 476, 477*
O’Brien, P
689
O’Brien, T
54
O’Brien, T J 2049*
O’Brien, T M 2342*
O’Callaghan, J
48, 1507*
O’Callaghan, J P
2417
O’Connor, J 1296, 1298*
O’Connor, J C
2325
O’Halloran, K 1736
O’Hara, K A 2047
O’Hara, M
141
O’Kane, J
700
O’Keefe, M 2000
O’Keefe, R J 365, 1376
O’Neill, H C 632*
O’Neill, T P 2165*
Oberdorster, E 1584*
Oberdorster, G
22, 25*, 1849*, 1852, 2333
Obert, L A
1746
OBrien, E
471
Odin, M
918, 1636, 2300
Odin, M A
1274
Odum, J
953
Oehme, F W 2202
Ofordile, O N 283
Ogata, S
206*
Ogawa, K
962*
Ogawa, M
193*, 676, 693, 798, 868, 2269
Ogawa, T
1427*, 1460
Ogden, K I
2349
Ogden, L
2187*
Ogilvie, K
627
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Oguma, E
2031
Ogura, M
2128
Oh, K
677, 1216, 1371, 1393, 1400,
1403, 1407, 1813
Oh, K N
86, 1218*
Oh, S
671
Ohlsson, C
88
OHMICHI, K
1614*
Ohmichi, M 1614
Ohmukai, H 1460
Ohnishi, T
761, 1657*
Ohno, Y
702, 2280
Ohsako, S
83
Ohshima, Y 2140
Ohtsuki, K
61
Okamoto, K 159*, 2280
Okamoto, M 2043
Okamoto, Y 636
Okano, K
972
Okatani, H
1309, 1316*
Okazaki, O
1621
Okerberg, C V
623
Okey, A B
84
Okino, M
2383*
Okino, M S 1219, 1276
Oko, L M
1828
Okoh, V
949
Ola, T
285
Olaharski, A J 1997*
Oldham, M 231, 802
Olin, S
2333
Oliveira, P J 1713, 2342
Oliver, G J
1281, 1282, 1904
Olivero, O
540*
Olivero, O A 971
Olivero-Verbel, J
103
Olivier, K J
634*
Olivier, W
251*
Olsen, C E
437
Olsen, G
603*, 2385
Olson, E
1944
Olson, J R
95, 781, 1207
Olson, M J
1283, 1299*, 2276
Olson, P H
1921
Omae, K
107, 877, 2043
Omaye, S
1916
Omenaas, E 878
Omura, K
1080*
Onda, H
984
Ondov, J
860
Onen, A
118
Ong, M M
2136*
Ono, A
186, 989*, 1077, 1078, 1079,
1080, 1709, 2128
Onodera, H 1530
Opanashuk, L 2436
Opanashuk, L A
1449
Operana, T N 1807*
Orberg, J
1574
Ordonez L, J 2061
Orehek, M
80
Orelien, J
1263
Orisakwe, O E
1995*
Orlando, E F 1565
Orlicky, D
468
Orphanides, G
953, 1222, 1931
Orr, M S
1073
Orrenius, S
741, 743*
Ortel, T L
1666
Ortiz, J L
307
Ortiz, M V
307
Ortiz de Montellano, P
2222*
Ortiz-Serrano, M
2386
Orton, C R 1016*
Orton, T C 1386
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Orzech, D
1422
Orzech, D P 2132
Osborne, C L 146*
Osburn, W O 1348*
Oscar, T
1401
Oshima, J
549
Osier, M
2198
Osipov, A N 1158, 1557, 2003, 2004
Oskarsson, A 1173*
Osterburg, I 132
Ostrosky-Wegman, P 1354
Othumpangat, S
2044*
Otto, M
48, 930
Ouellet, M
2177*
Ouyang, M 54
Ovando, B J 95, 781*
Overman, G J 1551
Overmann, G 402
Owen, M
1968, 1970
Owen, R
53
Owen, R D 432
Owen, S
2245*
Owen, S F
2243
Owens, D M 59
Owens, R
1924
Oxendine, S 138*, 148
Oyama, T
193, 676*, 693, 798, 868, 2269
Ozawa, S
702
Ozden, A
118
Ozel, S
118
Ozias, M
1988

P
Pabello, N
327
Pack, D
1046
Padilla, S
46*, 138, 148, 1431, 1475, 1478,
2284, 2285
Padilla-Banks, E
400, 2235
Padmavathi, L 220
Padovani, A S 419
Padowski, J M 1672*
Paehler, A
506
Paepke, O
90*, 1544
Pagan, D
2000
Pagan, I
1146*
Page, D
2083
Page, G
664
Page, L
606
Page, T
1353*
Page, T J
2093
Pai, S J
1972*
Paigen, K
1616
Pakkenberg, B 48
Palacio, K
627, 1314
Palacio, K A 631*
Palazuelos, M 1561*
Palkar, P S
299, 300*, 2304
Pallardy, M
1734, 1894
Pallardy, m J 1143*
Pallez, C
192
Palmeira, C M 484*, 1713
Palmer, S M 1029
Palmer, V
132, 252
Palmiter, R
1109
Palumbo, A 1936*
Pan, M
1417
Pandey, S
1160*
Pandini, A
354, 356
Panke, H
1634
Panko, J M
857
Panuwet, P
1237
Papagiannis, C N
626
Papanayotou, I
460

Papasavva, N 2293
Papineni, S
1157, 1324*
Papkovsky, D 1908, 1909
Papoian, R
788
Papoian, T
1856*
Pappa, A
468
Paquet, L
805
Parameswarann, V
1160
Pardo, N E
2439
Parent, R
717*, 2318*
Parenteau, M 101
Parfett, C
181
Parham, F M 1890
Paris, M
1969, 1970*
Paris, M W
1968
Park, C
1413
Park, E
1518, 2064
Park, E S
1752
Park, H
1076
Park, J
415, 2064, 2396
Park, J D
1752*
Park, J S
34
Park, K
269, 2334
Park, R
188
Park, S
1049, 1339, 1344, 1359, 2053
Park, Y
1719
Parker, G A 2070*
Parker, J
513, 1000
Parker, J S
1890, 2132
Parker, S
252
Parkinson, H D
168
Parnell, S E
139
Parng, C
39, 1535
Parran, D
1468
Parron, V
970
Parry, T
293
Parsley, M A 495
Parviz, M
1792*
Parzych, B
1684
Pascal, L E
2050
Paskalev, Z D 1043*
Pasman, W
930
Pasquinelli, M A
1887*
Pastoor, T
1231
Patapoff, T
844
Patel, A
1290, 1310
Patel, D
179*, 648
Patel, H J
607
Patel, K M
2419
Patel, M
741, 745*, 1101
Patel, M L
1903, 2143
Patel, N
497*, 1979
Patel, N N
2408*, 2409
Patel, R D
208*
Patel, S
1979
Patierno, S R 2049
Patil, N
1907*
Patino, R
1580
Patlewicz, G 377
Patlolla, A K 517*
Patten, D
1303
Patterson, R 1750*
Patterson, S 2150
Patterson, T 126
Patterson, T A 1461
Patterson, T J 976*
Patton, G
991*
Pauff, M K
2363
Paul, D S
412*, 413
Paulauskis, J 298
Paule, M
126
Paule, M G
1459, 1461
Paules, R
311, 462
Paules, R S
313*, 1000, 1081, 1093
Paulsen, D
804, 1040

Paulsen, D B 1054
Paulsen, M H 229
Pauluhn, J
1025*, 1523*
Paulus, B
2069
Paustenbach, D
848, 1254, 1870*
Paustenbach, D J
561, 570, 851, 852, 857*,
1253, 1264, 1266, 1536, 1865
Pawliuk, R
633*
Pawlowski, V 1859
Peake, J
121
Peal, A
1681*, 1682
Pearce, J T
161
Pearse, G
1671
Pearson, C
182*, 987
Pearson, E
1461, 1648
Pechan, T
63
Peck, E C
234*
Peddada, S
967, 1666
Peden-Adams, M
256*, 288, 571, 1581
Peeper, H J
1297*
Peffer, R C
1231*
Pegg, D G
328*, 334*
Peggins, J O 2363
Pei, L
1251
Peijnenburg, A A
1170
Peksa, R L
1396
Pelgrim, M
48
Pelkonen, J
2012
Pellerin, B
2388, 2389
Pelletier, D
1630*
Pellicore, L
1984
Pelsue, S C
1724*
Peltz, G
548
Pena-Philippides, J
76
Pendlington, R
690
Peng, L
218, 1015
Peng, S
2159*, 2434
Peng, Z
1015*
Penn, A
804*, 1040, 1054
Penn, C
869
Pennanen, A S 239
Pennell, K D 1112, 2441
Pennings, J
1896
Penninks, A H 2253
Penton, H
661*, 1308, 1531
Penttinen, P 2012*
Pepperl, S
1245
Peraza, M A 207*
Perdew, G H 208
Pereira, C
1964*
Pereira, C B 1227
Pereira, F E
423*
Perentes, E
788
Peri, R
662*
Perkins, E J
786, 1564, 1920
Perkins, G A 1791*
Perleberg, U R 2367
Pero, R
1944
Perraut, C
609
Perrone, C E 303*, 616
Perry, M W 1266*
Perry, N B
60
Persad, A S
763
Pershouse, M 1092
Person, M D 483
Perumal, T E 1189, 1190
Pesch, B
1252
Pessah, I
1450
Pessah, I N
1452
Pestka, J
261, 1012, 1990
Pestka, J J
999, 1028, 1989
Peters, A K
1543*
Peters, J M
207, 965
Petersen, D
494
Petersen, D D 2179*

Petersen, D R 2398, 2404
Petersen, L A 409
Petersen, M 2097
Peterson, B
499*
Peterson, L
2158
Peterson, L D 2188
Peterson, R
198
Peterson, R E 128, 921, 922, 923, 924, 2160, 2172
Peterson, S L 355
Peterson-Roth, E
524
Petit-Turcotte, C
1301*
petrali, j p
821
Petreas, M
109
Petropoulou, C J
1610
Petry, T
1626*
Pettan-Brewer, C
1446
Pettersen, B A 613*
Pettersen, J C 630*
Peuler, J D
449, 2022
Peyret, T
1273
Pezzoli, P
553
Pfeifer, K F
2290
Pfeiffer, E
675*
Pfeiffer, J
1037
Pfuhler, S
518
Phelps, L
253
Phenrat, T
513
Philbert, M A 2428, 2429
Philip, B K
299, 300, 2137, 2304*
Phillips, C S 1917, 1920
Phillips, D H 790
Phillips, J M 1224*
Phillips, P
46
Phillips, P M 1799
Phillips, T
1577
Phillips, T D 525*, 871
Phillips, W
2369
Phimister, A 1450
Phipps, D
1528
Phipps, R P 1653
Pi, J
58*
Piacente, M 1691
Piatigorsky, J 366
Piccotti, J R 1737*, 1746
pickrell, j a
2202*
Pierce, J
854*, 2422, 2423
Pierce, J S
1870
Pierce, W M 642, 794, 800
Pierre, N
481
Piersma, A
1171
Pin, S
2151
Pina-Guzman, B
2108*
Pinard, G
1748*
Pine, P
125, 2393*
Pine, P S
158
Pinheiro, F
2084*
Pinkerton, K 2353
Pinkerton, K E
240, 807
Pinn, L C
137
Pinney, V R 2348*
Pinon-Zarate, G
2061, 2075
Pira, E
1767
Pirone, J R
2371*
Piskac, A L
453*
Pita, R
578
Piterski, C
1597
Pitta, C
2293
Pittman, J
1476, 2374*
Pittmen, J
568
Pitts, D K
1795
Piyachaturawat, P
2131
Plant, K A
1173
Plante, I
960*
Plante, M
870
Platoff, G E 1918

Platz, S
1075
Pletcher, J
1683
Plewa, M J
2299
Plopper, C
9, 35
Plopper, C G 678, 724*, 1026, 1027, 1066, 1136*
Plotzke, K
589, 1240, 2328
Plotzke, K P 1239, 1827, 1929, 1940*
Plummer, S 56, 926*
Plunkett, L M 383*
Pluta, L
1353
Pluta, L J
2093
Poet, T S
32*, 33, 583, 2308*
Pogge, A R
2419
Pohjanvirta, R 84
Pohl, L R
1010
Poirier, L A
2129
Poirier, M
1748
Poirier, M C 540, 971
Politano, V T 933*
Pollack, G M 1672
Pollard, D L 841
Pollard, J
1859
Pollenz, R S 8*, 214, 357, 775, 776, 1116*
Polman, J
997*
Polverino, T 1675
Pomeroy-Black, M J 1470*
Poole, C
198
Poortman, J H 1170
Pope, C
1473, 1474
Popp, M
1561
Porter, K
1547*
Portier, C J
1890, 2371, 2376
Portier, C R 1537
Portier, K M 1631
Portilla, D
164
Portsmouth, C
376*
Possolo, A
1540, 1541
Post, G B
1608*
Postlethwait, E
35
Postlethwait, E M
1066
Postoyalko, A 1747*
Potapovich, A 1163
Potapovich, A I
1557
Potapovich, M 1158
Potnis, P A
2082*
Potts, E N
1044*
Poulin, D
1695
Pouliot, L
611, 612*
Pounds, J G 183, 2127
Powell, C
312
Powell, C J
2399
Powell, C L 1225*
Powell, D A 431
Powell, E
2060
Powell, J
633
Powell, J L
700, 2082
Powell-Coffman, J A 1117*
Power, F W 1219, 1276, 2379*, 2383
Powers, B E 1453*
Powers, K
1082
Powers, K W 1561
Powers, M J 1601, 1966*
Poynton, H C 1564*
Prabhu, S K 196
Prabhu, V
2418
Prahl, L K
364
Prater, M R 136, 137*
Pratt, D
1859
Prenni, J
1217
Prentiss, P
1217
Preterre, D
1187
Preuss, R
1252
Price, H C
1053
Prince, A
1009
Prins, J
1797*
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Prinsen, M K 1594
Prior, H
652
Pritsos, C A 1576
Proctor, D
1612
Proctor, J
245
Prodon, D
94
Proll, S
1446
Protain, A C 1828
Protain, H J 1828
Proteau, R R 1686
Protopapa, F 42
Protzel, A
2295*
Prough, D S 495
Prough, R
510
Proutski, V
997
Prozialeck, W C
449, 1663*, 2022
Prucha, M S 1352*
Prues, S L
1241
Pruett, B S
262*
Pruett, S B
262, 263, 325*, 1744, 1893, 1899*
Pruimboom-Brees, I 630, 1006, 1684
Psurny, E A 2363
Pu, X
955*
Puatanachokchai, R 1228
Puga, A
215, 218, 219, 414, 1377, 1877
Pumford, N 1901
Purcell, W M 1956
Purisai, M G 1105, 1107*
Purmal, A
2091
Putnam, E A 1092*
Putt, D A
460
Puzas, E
365*, 1376
Pyatt, D
114*
Pyo, H
273, 791, 2268
Python, F
43*

Q
Qian, M
503
Qian, Y
339
Qiao, D
1440
Qin, H
1117
Qin, L
162
Qin, Z
1098
Qu, W
58, 429, 1020, 2027*, 2055
Quan, C
1196*
Quattrochi, L 1341
Que, A
1668
Qui, H Z
465*
Quijano, M 1590
Quinn, A L 1929*
Quintana, P 1262
Quintanilla-Vega, B 2057, 2108
Quynh, H T 90

R
Raabe, H
1968, 1970
Raabe, H A 1958
Rabieh, S
416
Rabinowitz, J R
1887
Rabussay, D P 817
Rached, E
963
Racz, W J
643, 644
Raczynski, A 2422
Radilov, A
2344
Raemisch, A 637
Raffaele, K
1425*
Raffaele, K C 1428
Rahmioglu, N 381
Railer, R
1924
Railer, R F
81
Rajab, N F
1165
Rajagopalan, S 1196, 1197
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Rajapaksa, K 1550*
Rajendran, N 2338
Rakhmatulin, E
668
Ramachandiran, S
1106*
Ramakers, G 1457
Ramanujam, V
495
Ramasamy, S 669*
Ramasubramanian, B 2139
Ramesh, A
2096*, 2112
Ramirez, A
785
Ramirez, A J 1583
Ramirez, P
521*
Ramirez-Zetina, M
1262
Ramiro-Ibanez, F
1669
Ramos, J
541
Ramos, K S 156
Ramot, Y
1666*
Ranatunga, D C
1725, 1730
Randall, J C 550
Rangan, V
1189, 1190*
Ranjan, R
1362*
Rankin, G O 466*
Rannug, A
89
Rao, K
608
Rappaport, S M
2358
Rashid, A
967
Rasoulpour, R 2098*
Rasoulpour, T 2099*
Ratajczak, H V
1738*
Ratcliffe, K
2259
Ratcliffe, R
1924
Rath, M
1398
Rathod, J
1979
Raulf-Heimsoth, M 1252
Ravel, G
270*, 271
Ray, A
1473
Ray, E J
1569*
Ray, S D
497, 1979*
Raymond, G M
34
Rayner, J L
399, 406, 1237*, 2077
Razani-Boroujerdi, S 76
Reams, R R 1762*
Reaney, S H 1098*, 1105
Reaves, E
887, 2284
Reaves, M
2285
Recendez, J J 240
Rechetnik, E 1741*
Recio, L
546*, 1291*
Reddy, C S
1404
Reddy, G
600*, 2366
Reddy, M
2123, 2377
Reddy, M T 599
Reddy, R
1978
Reddy, V
2
Reed, J M
2029*
Reed, K L
243, 1050, 1051
Reed, M
1770
Reed, M D
232*, 634
Reed, N
2292
Reed, N R
2291*
Reed, W
639, 640
Reeder, M K 558, 2274*, 2278
Rees, J N
1095*
Rees, P
1592
Reeves, B
2083
Reeves, B S
1953*
Regal, J F
1497, 1500*
Regal, R R
1500
Regan, C
384
Regan, J M
1929
REGNIER, J 940*
Reich, A
584
Reichard, J F 414*
Reid, F
1923*
Reid, J B
1274

Reilly, C A
242, 1164, 1385
Reilly, K W 1241
Reilly, T P
245*, 1124, 1710
Reily, M
623, 1859
Reily, M D
173
Reimers, M J 38
Reiners Jr., J 220
Reinhard, M 622
Reinke, L
2402
Reisfeld, B
2126
Reising, A
2141*
Reiterer, G
305
Rejeski, D
1584
Reliene, R
528*, 549, 977, 1643
Remon, J
1598
Ren, S
615, 1625
Render, J
620
Renganathan, M
659
Renne, R A
230, 1090, 1661
Rennen, M
896
Renner, J A
70
Reppen, T
201
Resnick, M
703
Retief, J
1889
Rettenmeier, A W
416
Reuhl, K
952
Reuhl, K R
1781*, 1783
Reuter, L
511
Reutter, S A 1925
Reyes, B
2045
Reyes, C
1599
Reyes, J L
2045
Reymann, S 224*, 1088
Reynolds, C L 2152*
Reynolds, E 1475
Reynolds, M 524
Reynolds, M F
532*
Reynolds, S H 1059
Reynolds, V L 628*, 629
Rezk, P E
79*, 1035
Reznikova, T V
433*
Rhee, G
401
Rhim, T
2130*
Rhule, A
1397*
Rice, C
1581
Rice, G E
1274
Rice, J
40
Rice, R H
433, 976
Rice, S
1635
Rich, I N
1319*, 1320*
Richards, J
2411
Richards, J H 1062, 1063, 1194
Richards, L
617
Richards-Smith, B
984
Richardson, A 2083
Richardson, J R
1106, 1112, 2441
Richardson, R J
1462, 1463
Richardson, V 1169*
Richburg, J H 2019, 2020*
Richfield, E K 1108
Richoz, L
518
Richter, P
1291
Richter, R O 570*
Rick, D L
685, 1248
Rickert, W S 1965
Riess, A
675
Rigdon, G C 618
Riggins, J N 509
Rijal, S
1480*
Riley, G
455
Riley, M R
2349
Riley, P
1590
Riley, R
1496
Riley, R T
1492, 1494, 1992, 1993
Rine, J
1997

Ripoll, V
1532
Rise, M L
1119
Ritchie, G D 2321
Ritov, V
2005
Ritter, L
1871
Riviere, J E
812, 823, 824, 827, 828, 842, 843*
Roberts, A
995*, 1300, 2335*
Roberts, D W 829*
Roberts, E S 646*
Roberts, J C 1650
Roberts, J D 1611*
Roberts, J R 1042, 1057, 1058*, 1059
Roberts, K N 1601
Roberts, R
1127*
Roberts, R R 1223
Roberts, S
1562
Roberts, S M 31*, 409, 410*, 1631, 1900
Roberts-Kirchhoff, E S
1658
Robertson, D 1859, 2227*, 2229*
Robertson, D G
165, 173, 623, 1678
Robertson, J D
341*, 342*, 2009
Robertson, L 1542
Robertson, L W
588, 1221
Robinette, B L 1430, 2414*
Robinson, D 1854*, 1859
Robinson, E J 540
Robinson, J 898
Robinson, J F 445*
Robinson, K 611, 612
Robinson, P 69
Robinson, P J 2367*
Robinson, S 796, 859
Robinson, V 1046*
Robison, C L 78
Robison, S W 1260*
Robles, M R 482*
Robosky, L C 165, 173, 623
Robson, M G 1571
Roche, A
457*
Roche, B
1529
Rockett, J C 1692
Rockwood, G 69
Rockwood, G A
1918
Rodriguez, A 2111*
Rodriguez, C 535*
Rodriguez, V M
1488*, 1769
Rodriguez, V P
592, 593
Rodriguez, W 2152
Rodriguez-Lara, V
2061, 2075
Roede, J
494*
Roegge, C
609*
Roels, H A
188
Roesch, P L 201
Rogers, C
633
Rogers, J
1922
Rogers, J M 937
Rogers, K R 1517*
Rogers, L K 123, 2351*
Rogers, R L 1570
Roggen, E
375, 2265
Roh, S
1407, 1410, 1411, 1412*
Rohde, C A 1846
Rohde, C M 173*
Rohr, A
2211
Rohr, A C
2210*, 2215*
Rojas-Garcia, E
2108
Rojas-Lemus, M
2061, 2075
Roling, J A
1563*
Rolle, J
1600
Rollins-Hairston, A M
674
Rolo, A P
484, 1713, 2158*
Romach, B
198
Roman, I
2153
Roman, R
1296, 1298
Roman, R J 1617

Romano, T
1581
Romer, E J
1725*, 1730
Romics, I
698
Roney, N
1629, 2198
Ronis, M J
1368, 1651, 2401, 2403
Ronn, M
1574
Roomi, M
1398*
Rooney, A A 2196*
Rooney, R
179, 648*
Roongta, V
161
Roop, B
54, 1205, 1206, 1229
Rosales-Gonzalez, M 280
Rose, K
2141
Rose, R L
1209
Rose, S H
308
Rosemond, Z 2298
Rosen, M
932*
Rosenfeld, C 1215*
Rosengarten, A
1910
Rosengren, R J
60, 1399*
Rosenspire, A J
1176*
Rosenstein, M 998
Rosenthal, G J 1688
Rosenzweig, B 125
Rosenzweig, B A
124*, 1667, 2393
Rosier, R N 365, 1376
Ross, A
121*
Ross, D
1099
Ross, J H
1261*, 2287
Ross, M K
694*, 862, 1202, 1825
Ross, P
1616
Ross, S
1364
Rossier, S
42
Rossman, T G 760*
Rossomando, A
608
Roszell, L E 2069*
Roter, A
987
Roth, B
2222
Roth, D R
788
Roth, M D
802
Roth, R A
97, 999, 1002, 1005, 1708, 1710,
1711, 1718, 1905, 2148, 2224*
Roth, T
1634*, 2324
Rothbauer, D C
879
Rothe, H
2262*
Rothenberg, S J
863*
Rothermund, C A
1430
Rothman, N 526
Rouault, T A 2062
Rouleau, N
1739
Round, D
1211
Rouquie, D 2254
Rouse, D
2174
Rouse, J G
826*
Rouse, R
804, 1040*
Rowan, W H 1698, 2173
Rowlands, J 1243*
Rowton, S
2267*
Roy, D
949, 1335, 1933
Roy, N
39, 1535
Roy, S K
178
Roycroft, J H 2132
Royland, J E 1433*
Rozman, K K 98
Rubin, A L
2290
Rubin, K
2032
Rubio-Andrade, M
112, 280
Rubis, J
53
Ruby, M V
409, 410
Ruchirawat, S 1951
Ruckman, S 1937
Ruddock, W 1293*
Ruelland, B 1748
Rufer, E S
144*
Ruiz, A
541

Ruiz, P
1603*, 1628, 2211
Rumpf, S K 472, 473, 474, 475, 476, 477
Runge-Morris, M
17, 17, 18*
Runkel, M
472, 473, 474, 475, 476*, 477
Runkle, S A 2428*
Russak, M
862
Russel, L
1654
Russell, R
1892
Rusyn, I
162, 194, 311*, 312*, 316, 1126*,
1225, 1616
Rutherford, M 1500
Rutkowski, J 132
Ryabov, A
668
Ryan, B C
405*
Ryan, C
377, 1144*, 2277*
Ryan, C A
378, 2273, 2275
Ryan, D
753*
Ryan, E P
1653*
Ryan, J
1544
Ryan, L
1426
Ryan, M J
1422
Ryan, S
175, 1922
Ryan, T
199
Ryan, T P
1527, 2392
Rybina, I
1958
Ryman-Rasmussen, J 827
Ryman-Rasmussen, J P
828*
Ryrfeldt, A
1633
Ryu, D
2268, 2396*
Ryu, G
2334
Ryu, H
2010
Ryu, J
1076
Rzigalinski, B 1468

S
Saavedra, G 470*
Sabitsana, P 1534
Sabnis, A S
1385*
Sabourin, C L 1921
Sabourin, P J 1921
Sabri, M
2426*
Sacaan, A
993
sace, f
2343
Sachan, A
2288
Sadhu, D N 550*
Sadler, C
1222
Sadovova, N 126*
Sadri, B
159
Safe, S
209, 358, 948, 951, 1155*, 1157,
1324
Safe, S H
1102
Safe, T M
1449*
Safford, R J 2275
Safirstein, R 164
Sager, S
583, 585
Saghir, S A
685*
Sahlberg, B
872*
Saito, N
107
Sakaguchi, H 2279*, 2280, 2281, 2282
Sakai, S
1055*
Sakemi, S
163
Sakimura, M 1315, 1906
Sakurai, T
411*
Salazar, A
1354*
Salcido-Neyoy, M E 1644*
Saldivar, L
2075
Saleh, N
513
Sales, G
1998
Salinas, J E
1814
Salinas, K A 1568
Salmen, R
1555
Salmon, A G 882, 901, 1605, 2185
Salmon, F
930
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Salonen, R
1193
Salonen, R O 238, 239
Salt, S E
427
Salvail, D
650, 651, 664*
Samaniego, A 1688
Sambuco, C P 818, 819*, 2087
Samet, J M
639, 640, 1014, 1513*
Samia, R
1958
Saminathan, H
2007*
Sampson, M 182
Sanborn, J R 2313*
Sanchez, E I 2045
Sanchez-Pena, L C
1256, 1769, 1798
Sanders, J M 100, 1878*, 2371
Sanders, M
161
Sanders, R A 920
Sanders, V M 323, 324*
Sanders, W E 408
Sanderson, T 982, 1543, 2089, 2095*
Sandhu, J
1160
Sandstrom, R 1420
Sandstrom, T 1198
Sandwick, S J 519
Sandy, M S
113*, 122, 899, 910
Sano, Y
877
Sansone, J
789
Santa Cruz, V 940
Santhanam, P 1852
Santiago, L Y 1135
Santos, J H
744
Santra, S
1562
Sarafian, T A 802*
Saranko, C J 1631*
Sarazan, R D 649
Sardo, C L
1648
Sargent, D E 49, 50
sarkar, s
1720*
Sarlo, K
375, 2265
Sarmiento, L A
881
Sarra, J D
607
Sasaki, Y
1423
Sasayama, Y 1315
Sasseville, V G 752, 757*
Sathishkumar, K
1190, 1384*
Sato, H
1749, 2043, 2128*
Sato, J
2280
Sato, K
61, 67, 2110
Satoh, M
2023
Satoh, T
167, 2442
Satomi, Y
1378*
Sattabongkot, J
1712
Satterfield, B 606
Satterstrom, K F
1639
Satterwhite, C M
1740*, 1741
Sauer, P
384
Saulsbury, M D
1211*
Saunders, G K 136
Savage, D D 1793
Savery, L C
545*
Savolainen, K 372*
Sawabe, Y
1614
Sawada, H
1620*
Sawada, J
702, 1333
Sawant, S
1967
Sawant, S G 555*
Sawant, S P 467, 1008*
Sawazaki, T 204
Sawyer, J R
536
Saxena, A
69
Sayes, C M
823, 825, 1554*
Scallet, A
126
Scandlyn, M J 60
Scarlett, C O 973
Schaefer, G
2437
Schaefer, G J 665
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Schafer, G
736
Schallert, T
1103
Schantz, S L 1453
Scharf, B
1774*
Schatz, R A 1804, 1823
Schauer, U
598
Schauer, U M 604*
Schauer, W
1688
Schebler, P J 594*
Schecter, A
1197
Schecter, A J 90, 1544*
Scheffer, G
1006
Scheffer, G L 202
Scheffler, B E 1879
Scheffler, H 1588, 2262
Scheiner, M 2085
Schell, J
876
Schenk, S
1086
Schiestl, R
535, 549
Schiestl, R H 528, 537, 538, 977, 1643*
Schijf, M
373
Schilling, B
982, 2089, 2095
Schilling, C 867*
Schins, R
1193
Schladweiler, M
2173
Schladweiler, M C
240, 1062, 1063, 1194, 2411
Schlag, R
109
Schlager, J
830, 2361
Schlager, J J 37, 841, 1559, 1723, 2200
Schlechter, K 142
Schleef, R
301, 309
Schleier, J
1585
Schlezinger, J 1726*
Schlezinger, J J
2010
Schlosser, P M 2372
Schlosser, W 2320
Schlumpf, M 1928
Schmeiser, H H
790
Schmid, J E 932
Schmidt, R
2340
Schmieder, P 2295
Schmitt, M T 645*
Schnackenberg, L
125, 164, 2142
Schnackenberg, L K 158*
Schneider, J 1845*
Schneider, J S 1846
Schneider, L 2260*
Schneider, M C
423
Schneider, S 1432*
Schneider, S N
2024*
Schnekenburger, M 1377*
Schnell, D
580
Schnellmann, R G
456, 461
Schoen, A
759, 2186*
Schoen, D
1604
Schoenfelder, G
703*
Schofield, J
652, 1533*, 2168
Scholten, D 1174
Scholz, B
368
Schomaker, S 1684, 2016
Schomaker, S J
679*
Schott, K
1252
Schramm, C 376
Schramm, U 614
Schroeder, J F 551
Schroeter, J D 2125*
Schuessler, T F
805*
Schuh, R
1111*
Schultz, A
1845
Schultz, I R 2375
Schulz, S
1924
Schulz, S M 81
Schulze, J
1295*, 1882*
Schulze, M
1882
Schumacher, K
1425, 1428

Schussheim, Y 1910
Schutte, K
1594*
Schwab, C
325, 1899
Schwanekamp, J A
783*
Schwartz, B S 51, 335, 337
Schwartz, C S 1284
Schwartz, S
1416
Schwarz, E M 365, 1376
Schwegler-Berry, D 1557
Schwerdtle, T 1177*, 1183
Scinicariello, F 699*
Sciullo, E
777
Sciuto, A M 79, 1035
Scollon, E J 569*
Scott, A
2021
Scott, C S
2302
Scott, P
561, 1254, 1536
Scott, P K
857
Scott, R C
1386
Scotto, J
73, 80
Scotto, J A
72
Scrafford, C G 2180
Scudamore, C 2021*, 2153
Sczymczuk, C 1724
Seagle, C M 2144
Seagrave, J
241, 1201*, 2212
Seah, Q
1712
Seaman, C W 1299, 2276*
Seaman, V
1705*
Searfoss, G
199
Searfoss, G H 1527*, 2392
Seawright, A A
845*, 2086
Sebelova, J
1806
Secretan, B
385
Seegal, R F
1100
Seeley, M
2181*
Seely, J C
1242
Segal, D J
2074
Segarra-Arroyo, A
1778*
Segura, B
1798
Seidel, S
1084*
Seidler, F J
1439*, 1440
Seiler, A
142
Seki, N
2110
Sekowski, J W 80*
Seldin, D
670
Selgrade, M 2257
Selgrade, M K 374, 2196, 2252, 2258
Selstam, G
2025
Senba, T
1704
Senekeo-Effenberger, K
1323
Sengupta, A 1757
Sens, D A
2033, 2038*, 2039, 2041, 2042, 2081
Sens, M
2033, 2038, 2039, 2041, 2042, 2081*
Seo, E
581
Seog, D
1719
Seok, J
401
Seraphides, N 2293
Serikawa, K 1647
Serizawa, K
2043
Serle, J
2432
Serrano, J
1941*
Sette, W
1425
Settivari, R S 1404*
Setzer, R W 2284, 2285*
Setzer, W
46
Seung, H
1618, 1619*
Sevastyanova, O
1257
Sexton, K G 1060*, 1065, 1702, 2214*
Sexton, M
699
Sey, Y M
1208*
Shafer, T J
1480, 1481, 2430, 2431*
Shaffer, S
1437
Shah, I
162*
Shah, M
1800

Shaha, A
2103*
Shaikh, N
588
Shakarjian, M P
831
Shakir, S
421
Shamy, M Y 1768
Shan, Y A
594
Shankar, K
2401*
Shao, B
2434
Shao, J
966
Shapira, I
1910
Shaputnic, C 1262
Shara, M
1420*
Sharma, N
1394, 1395
Sharma, R P 1394, 1395*
Sharp, J
49, 50
Sharpe, R
926
Sharper, V
133
Shatkin, J
897
Shaw, G R
845
Shaw, M
457, 534, 619
Shaw, P J
2148*
Sheabar, F
529
Sheasgreen, J E
319
Sheehan, P
850
Sheen, Y Y
1959
Sheets, L
50
Sheets, L P
49*, 1528
Shen, J
483, 2040*
Shen, L J
250*
Shen, M
526
Shen, S X
845
Shen, Y
807*
Sheng, T
1322
Shenton, J
101
Shepherd, D M
1380, 1397
Sherman, C D 113, 122, 899
Sherman, J
1232
Sherr, D
670
Sherr, D H
1726, 2010
Shertzer, H G 501, 931, 1810
Sherwood, S O
2144
Sheth, C M 267*
Shetty, G
1547
Sheu, T
1376
Shi, D
1115
Shi, L
1888
Shi, L Z
1096*
Shi, P
2118
Shi, S T
964*
Shi, X
1512*
Shi, Y
1989*
Shibahara, Y 1421
Shibata, A
204
Shibata, E
2434
Shibutani, M 57*
Shibutani, S 554
Shields, W J 2199
Shigeyama, T 2154
Shih, D
1548
Shih, T
78
Shih, T A
68
Shiizaki, K
83
Shimada, A
1048*
Shimbo, S
107
Shimizu, K
1213
Shimizu, T
108, 1077*
Shimomura, Y 1704
Shin, J
605, 2054
Shines, C J
1053
Shinohara, A 2043*
Shioda, S
1427, 1460
Shiotani, M 654*
Shiotsuka, R N
1247
Shipp, A M 2296, 2307*
Shipp, B K
1284*

Shirai, N
1315
Shirai, T
962, 1421, 1423, 1642
Shishido, N 1530
Shlionska, A 988
Shnaider, D 1729*
Shock, S S
2188*, 2199
Shockley, E E 1925
Shoemaker, J A
371
Shoemaker, R H
991
Shoen, D
864
Short, B
328
Short, B G
3*
Shost, S J
2432
Showalter, L A 1225
Shubat, P
895
Shuler, M L 320*
Shuttlesworth, G A 1547
Shutz, M
1924
Shvedova, A 1555
Shvedova, A A 846, 1163, 1556, 1557*
Sicilia, T
506*
Sickles, D
2424*, 2425, 2426
Sidaway, J E 1386*
SIDDIQUI, W H
1239*, 1240
Sidhu, J S
445
Sidorov, I A 991, 2120
Sieber, S O
1081
Siegel, D
110
Siegel, D M 729*
Siegel, P D
379
Siegers, C
1295, 1882
Siekerka, J
293
Sierra, M
1262
Sierra-Santoyo, A
62, 590*, 1331, 1644, 1822
Sikorska, M 1160
Silbajoris, R 639, 1014
Silber, P
689, 2017
Silbergeld, E K
284, 1175*, 1611, 1776
Silkworth, J 1540, 1541*
Sillanpaa, M 239, 1193
Silva, M J
2113*
Silver, K
1482*
Silverman, L 2423*
Simeonova, P P
1555
Simmen, F A 1368, 2401, 2403
Simmonds, J 859
Simmons, B 627
Simmons, J
157, 2299*
Simmons, J E 1268
Simmons, R 2234*
Simmons-Willis, T A 2067
Simms, C
1681, 1682
Simpson, C D 229
Simpson, D 652
Sin, J
269
Sinanaj, Q
2178
Sinclair, J F
1004
Sinclair, P R 1004
Singh, A K
1578*
Singh, D V
969
Singh, J
620*
Singh, M
177, 840, 1591*
Singh, N P
1895*
Singh, R K
2033*, 2039
Singhal, R
1651*
Sipes, G
2149
Sipes, I
592, 593, 1550
Sistare, F
1854
Sistare, F D 296
Sistrunk, S C 1486, 1487
Sivaraman, S K
2130
Siwkowski, A 602
Sizemore, A 1968, 1970
Sjogren, B
2303
Skebo, J
2361

Skinner, C M 2401
Skinner, M
1860, 1862*
Skop, M
1981
Skotak, M
2332
Slater, T
1859
Slatter, G
1692
Slawik, B
142
Slayton, T M 2305
Slikker, W
126, 2232
Slim, R M
1737
Slitt, A
1366
Sloan, C S
1242
Slotkin, T A 1439, 1440
Smallwood, C 2294*
Smart, E
91
Smart, R C
59, 1362
Smartt, A
1092
Smialowicz, R 135
Smith, A G
796*
Smith, C
1285, 2198*, 2368
Smith, C L
984
Smith, C S
594
Smith, C V
123*, 2351
Smith, D
188, 1765
Smith, D R 1764, 2062
Smith, E
1783
Smith, J P
1304
Smith, J R
1397
Smith, K R
240*
Smith, M A 453, 1993
Smith, M P 623
Smith, M R 525
Smith, M T 526, 981, 1997
Smith, M V 1890, 2376
Smith, N
2286
Smith, N B
794
Smith, P J
1188
Smith, S M
143, 144
Smith, S Y
446
Smith, W J
1914
Smith-Roe, S L
514*
Snell, M
1000
Snellings, W M
463
Snyder, D
40
Snyder, R
295, 2235
Snyder, R D 1358, 1858*
Snyder, R W 166
Sobel, E S
1900
Sobol, Z
535, 537, 977*
Sobry, C
1859
Soelberg, J J 583, 585*
Soelle, D
986*
Solansky, I
1257
Soldin, O
1775
Soliman, M R 2433
Solipuram, R 404
Solis-Heredia, M
2108
Solomon, S E 670*
Soloviev, M V 653*
Solyom, A M 592, 593*, 675
Somayajulu, M
1160
Somers-Edgar, T
1399
Somji, S
2033, 2038, 2039, 2041*, 2042, 2081
Sommersted, K
259*
Sommerville, D R
72, 77, 1925*
Somps, C
620
Somsamayvong, B
78
Son, S
791, 2268
Sonawane, B 1635
Sone, H
1891
Sone, S
1530
Song, C
1049, 1794
Song, J
1693
Song, M
1181*
Song, Y
354
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Soni, M G
1151*
Soni, N
375
Soni, N K
2265
Sonich-Mullin, C
1636, 1926
Sono, S
2279
Soo Jin, H
85*
Sopori, M
76
Sordo, M
1354
Sorensen, S
48
Sorenson, J
237
Sorokina, S
668
Sorrentino, C 354, 787*
Soshilov, A
354, 356*
Soto, A
170
Soucy, N V
168*, 441, 646
South, N L
2363
Souza, V
2035
Sparatore, A 2136
Sparrow, C R 1189
Spear, B T
1221
Spearow, J L 2111
Speed, A R
1626
Speer, D P
817
Speer, M
1493*
Spencer, A G 201
Spencer, P
2426
Spencer, P J 556, 889*, 1524*
Spiegl, N M 700*
Spielmann, H 142
Spiers, D E
1404, 1405
Spiess, P
490*
Spirkl, H
522
Spivey, C L
1477, 1479
Sponenberg, D P
136
Springer, D L 183*
Springs, A E 266*
Squibb, K S 700, 2071*, 2072, 2082
Sram, R J
1257
Srivastava, S 297
Staal, Y C
2218
Stachlewitz, R F
1708, 1711, 1905
Staedtler, F
141, 788
Stagliola, E M 1823*
Stahl, T
516
Staines, W A 1975
Stammberger, I
522, 619
Stamp, C
2153
Stang, B
1656
Stanko, J P
1204*
Stanley, J K
1583*, 2247
Stapelton, P L 1815
Stapleton, A R 170
Stapleton, P 966
Starr, J M
569
Starr, T B
383
Staskal, D
596*, 1169
Staskal, D F 562
States, J
21, 417, 418, 520, 792, 799, 800,
1370
Statom, G
584
Stauber, A J 290*
Stauber, J
2065
Stayner, L T 349
Stearns, D M 2048, 2073, 2074
Stebbins, K E 463
Steele, B L
1241
Steen, A
2339
Steen, D
1307
Steevens, J
1564
Steevens, J A 786
Steffy, D A
1586
Steger-Hartmann, T 142
Stehfest, E
637
Steinetz, B G 928
Stelcer, E
2063
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Stemmer, K 447*
Stephani, R A 607*
Stephens, R M 991
Stephenson, A P
1762
Stern, B R
2312*
Sterner, T R 1279
Stevens, G
1668, 1808, 1908, 1909
Stevens, G J 159, 627, 631, 1314
Stevens, J
199
Stevens, J L
289
Stevens, S
1664, 2421*
Stevens, S C 841*
Stevens, T
249*
Stevens, V L 1495*
Stewart, B
2404*
Stewart, G
606
Stewart, I
845
Stewart, J A 234
Stickney, J
382, 2306
Stidley, C
1201
Stigson, M
368*
Stinn, W
309
Stirling, D
133
Stocker, J W 618
Stohs, S J
1979
Stoker, T
1948
Stoker, T E
1166*
Stokes, W
906, 1969, 1970
Stokes, W S 907, 908*, 909, 1968
Stolper, G
44*
Stolz, D B
441
Stone, H
1922
Stone, P
641, 1365
Stone, S
1057
Stonehuerner, J D
1051
Stoner, G D 958, 1648
Stonerook, M 2176
Stonerook, M J
1304*
Storer, R D
332*
Stork, L G
1627*
Storm, J E
2432*
Stott, W T
2323*
Stouch, B
1691
Stoutamire, D 1518
Stoyanovski, D
1158
Stoyanovsky, D
1163
Stradella, O 753
Straif, K
385
Strakhova, M 1546
Stralka, D
855*
Stratmeyer, M 2339
Stratmeyer, M E
1560
Stratton, M J 1637*
Straub, A C 441*
Straube, F
1716
Strauss, K
2082
Streicker, M 1666
Strickland, J 1969, 1970
Strickland, J A 1968*
Strittmatter, E F
183
Strom, S
2138
Strom, S C
1815
Strong, A
1589
Stropp, G D 1242
Strother, D E 1232, 1235
Stroup, J
1528
Struble, C
394
Strupp, C
1716*
Struve, M F 1294*
Stuart, E C
60*
Stuchal, L D 1935
Stuckey, J
256, 1581*
Stuckey, J A 1462, 1463
Stuckey, R
1931
Stump, D G 6*, 936, 1236, 1239

Stutz, J
199
Styblo, M
412, 413, 426, 440, 443, 2356
Su, H
1834
Su, S
191
Subramaniam, K
308
Subramaniam, R
894
Suchankova, Z 1257
Suda, M
1451, 2109
Sudo, K
1621
Sudo, T
2140
Suer, L
855
Sugai, M
2166
Suganuma, A 167
Sugimoto, H 469
Sugita-Konishi, Y
275*
Sugiura, S
962, 1642
Sujjavanich, D N
1418*
Sukata, T
1228
Sulentic, C E 1725, 1730*, 1731
Sulik, K K
139
Sullivan, D
2182
Sullivan, J M 628, 629
Sullivan, K A 1760*
Sullivan, L
1027*
Sullivan, M
213, 2189*
Sultatos, L G 1215
Summers, C 2135
Sumner, S C 166
Sumpter, J
2245
Sun, F
2008*
Sun, G
957
Sun, H
346, 1372*
Sun, J
291
Sun, L
662
Sun, N N
1722*
Sun, Q
1196, 1197
Sun, S
865
Sun, T
1683
Sun, X
2152
Sun, Y
2434
Sundaram, S K
2349
Sung, J
2064
Sung, J H
1752
Sunouchi, M 702
Suresh, B
1985
Suresh, C
1787
Sussman, G 379
Susumu, T
667
Suter, L
203
Sutherland, K M
647*, 803
Sutter, T R
1540
Sutton, R
2000
Suzen, S
697
Suzuki, A
2154
Suzuki, H
936, 1091*, 1236, 1394*, 1395,
2279, 2281, 2282
Suzuki, K T 458
Suzuki, M
2283*
Suzuki, S
962
Suzuki, T
2140
Suzuki, Y
206
Sved, D W
935
Svedberg, U 2303*
Svensson, M 2025
Svoboda, K R 1120
Swain, A
2153
Swalsky, P A 979
Swanson, H I 210
Swanson, K J 235*
Swanson, S
1645
Swartz, C
513
Sweeney, L M 2301*
Sweeney, T
1037
Sweet, C J
593
Swenberg, J A 187, 330*, 973

Swett, D
Sykes, G
Sykes, G P
Sylvia, C
Syversen, T
Szakacs, J G
Szapacs, M E
Szilagyi, M

1724
1055
2326
1037
1775, 1780, 1785, 1846, 2066*
1004
509*
1121

T
Tabo, M
1530
Tager, I B
1139*
Taggart, P
789
Taguchi, K
480*
Tahara, M
1213
Tahara, T
1704
Takacs, M L 195*
Takada, S
458
TAKAGI, A 155*, 2128
Takahara, T 83
Takahashi, N 1704
Takahashi, S 1642
Takami, K
1094, 1620
Takami, S
1996
Takamura-Enya, T
790
Takashima-Sasaki, K 1987*
Takasuga, T 108
Takebayashi, T
877
Takeda, K
83
Takenaka, K 107, 108
Takeshita, T 107
takeshita, k
1642*
Takeuchi, Y 2434
Takita, T
275
Tal, T
1513
Tal, T L
1014*
Tamaki, Y
936, 1236
Tamano, S
1421
Tan, Y
1271, 1337*, 1875, 1885*, 1886,
1888, 2310
Tan, Z
215*
Tanaka, A
1055
Tanaka, S
573*, 576, 2385
Tanaka, Y
1349*
Tang, D G
343*
Tang, L
176, 957
Tang, M
1642
Tang, Y
957, 2434
Tanguay, R L 38, 145, 222, 223, 1120*, 1210
Tanhehco, E 664
Taniguchi, K 1620
Taniguchi, R 2128
Tanimoto, T 1652
Tannehill-Gregg, S
2089*
Tanner, A E 137
Tannert, T R 2410
Tanphichai, K 2131
Tarantino, L 763
Tarantino, L M
1039*
Tarantino, P 2165
Tardif, R
565, 1273
Tarlo, S M
1839*
Tarloff, J B
485, 487
Tashkin, D P 802
Tay, J
1772
Taya, K
1652
Taylor, A
2063, 2065
Taylor, B F
417*, 418
Taylor, G
1053
Taylor, J B
1629*
Taylor, J F
871, 1577*
Taylor, J K
1950
Taylor, J T
2395
Taylor, M
2286

Taylor, R T
228*
Taylor, S
2150
Tchao, R
2408, 2409
Tcholakov, I 1668
Tchounwou, P B
517
Teeguarden, J G
2127*
Teeguarden, J T
2308
Telman, J
896
Temple, A
1679*
Temple, B
973
Temple, W
2286
Tenhoor, C
132
Tennant, R
1000, 1616
Tenneson, K 1289*
Teo, S
133
Teodoro, J
1713*
Teranishi, M 206, 2272
Teraoka, H
1120
Terasaki, N
1949*
Terneus, M
1009*
Teske, S
1898*
Tessari, J
1217
Tessari, J D
597, 2370
Tessier, D M 2050*
Testino, A
2424, 2425*, 2426
Teuschler, L 1627
Teuschler, L K 1274
Tewksbury, E W
1697
Thai, S
432, 1206, 1229
Tharappel, J C
1221*
Thatcher, G R 1645, 2163
Thayer, W
1926*
Thayer, W T 858
Theberge, M 2390
Theerayuth, K 1048
Theodorakis, C
1191
Theusch, J
1663
Thibaudeau, K
624
Thibodeaux, J R
370, 399, 576, 932
Thiex, N W 1553
Thiffault, C 1114*
Thiruchelvam, M
831, 1108*, 1188, 1488,
1802, 2436
Thiruchelvam, M J
1484
Thoemke, K R
1572, 1573*
Thomas, D J 413, 426, 440, 443, 762, 2356
Thomas, J
889
Thomas, J A 763*, 764*
Thomas, K C 1164*
Thomas, K T 1744
Thomas, P
952
Thomas, P E 1322
Thomas, R
1353, 1654
Thomas, R D 2114
Thomas, R F 1063*, 1194
Thomas, R S 2093*
Thomas, S M 534
Thompson, B N
615
Thompson, C 1300*, 1615*
Thompson, C B
1219
Thompson, C M
2311
Thompson, D 1241
Thompson, E A
59*
Thompson, J T
196
Thompson, K 124, 125, 1751*, 2393
Thompson, K L
1667
Thompson, M J
1241
Thompson, R 1277
Thomson, S 69, 73, 74, 75, 80, 1033
Thomson, S A 68, 70, 71, 72, 77
Thorpe, J E 421
Thorsrud, B 134
Thrall, K D 583, 585, 591, 1519*
Threadgill, D 316*, 1616
Threadgill, D W
194

Thuett, K A 1782*
Thukral, S
1534, 1662
Thummel, K E
1815
Thurberg, B 175
Thuy, C
1177, 1183
Thyagarajan, R
293
Thyparambil, S
2395
Tian, Y
1322, 1330
Tibbetts, B
584
Tibbitts, J
134
Tice, R
906, 1969, 1970
Tice, R R
907, 908, 909*, 1968
Tien, E
1326*
Tiesman, J
402
Tiesman, J P 1551
Tietge, J
1941
Tietge, J E
1572, 1573, 1942
Tiffany-Castiglioni, E 339*, 1782
Tiffany-Castiglioni, E C
335
Tigner, J C
610, 611, 612, 1531*
Tikly, M
533
Tillander, S
372
Tilton, F
1120, 1210*
Tilton, S C
1227*
Timchalk, C 35, 189, 1515*, 1520*
Timme-Laragy, A
1876
Timmins, G S 355
Tinkle, S S
1039
Tinner, B
1975
Tinwell, H
953, 1931
Tirmenstein, M
1089
Tizzano, J P 653, 665, 935
Tjalkens, R B 1097, 1102, 1759, 1760, 1761, 1947
Tjeerdema, R 160
Tjeerdema, R S
1936
Toader, V
1645
Tobia, A J
1872*
Tobias, J
696*
Tobin, J
589
Tobin, J M
1929
Toborek, M 91, 305
Toda, Y
1423
Todaka, E
1614
Todd, D
1664
Todd, G
2298
Todd, M
171
Todd, M D
1675*
Todoriki, H 107
Todorov, T
2071
Tohkin, M
1333
Tohyama, C 83, 1539, 1749
Tokado, H
1316, 1694
Tokar, E J
429*
Tokudome, S 204
Tokunaga, H 1213
Tollerud, D 876
Tolley, A
987, 1889
Tolson, J K
1610*, 1631
Tomar, R S
113, 122*, 899
Tomaszewski, J
1962, 1963
Tomaszewski, J E
2, 322*, 595
Tomazic-Jezic, V J
1560*
Tomczuk, M 984
Tomic, D
392*
Tominaga, Y 458
Tomlinson, C R
783
Tomlinson, L 2089
Tompkins, L M
1328*
Ton, C
39, 1535*
Tong, W
835, 2142
Tonkin, E
1075*
Toops, K A
367
Topinka, J
1257*
Torikai, Y
1670, 2154*
Toriumi, W 492
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Torky, A W 637
Tornero-Velez, R
2365
Tornesi, B
2323
Torontali, S 402
Torontali, S M 1551
Torres, K
1676
Torres, S
2161
Torres, S M 971*
Torres Sanchez, L
863
Torres-Vega, A 112, 280
Toscano, C D 2413*
Toselli, P
641, 1365
Toshimori, K 925
Totura, A L 70
Tourous, D
546
Tovar-Sanchez, E
2076
Toyama, Y
925
Toyoshiba, H 1891*
tracey, h a
821
Tracy, J H
1815
Tran, H T
2372
Tran, L
1307
Trauth, S
2162
Travlos, G
1671*
Trease, L L
35
Treinen-Moslen, M 2136, 2139
Treuter, E
360, 361
Triff, K
1933*
Tritscher, A
2206*
Trivedi, A
1965
Trombetta, L D
1485, 1579, 1774
Trommer, W E
614, 1716
Troncy, E
582, 1287
Trosko, J E
61, 66, 67, 961
Truax, J
906
Truax, J F
908, 909
Trush, M A 1348
Trute, M
673*
Tsai, Y
1820
Tsai-Turton, M M
1549*
Tsang, A
2379
Tsang, A M 1219
Tsang, M
1485*
Tseng, H
1834
Tsuchiya, W 1378
Tsuchiya, Y
458*
Tsuji, J S
1258, 2180, 2184, 2201*
Tsunoda, M 275, 2442*
Tsushima, Y 1421
Tsutsui, N
1949, 2250
Tucker, A
1654
Tucker, C J
1081
Tudor, G
991
Tufariello, E M
1610
Tugendreich, S
169, 987
Tukey, R H
778, 1323, 1807
Tukov, F F
1718*
Tung, E W
154*
Tung, K
90, 1544, 1999
Tungla, E B 1977*
Turpaz, Y
2393
Turton, J
2153
Tuukkanen, J 1680
Twaroski, M L 905
Tyl, R W
1242*
Tyler, J W
862
Tyson, C
1962, 1963
Tyurin, V
2005
Tyurin, V A 1158, 1163, 2002, 2003*
Tyurina, Y
2005
Tyurina, Y Y 1163*, 1557, 2003
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U
Ubayawardena, R
1376
Uchino, H
1670
Uchiyama, I 693, 798
Ueda, H
1704
Uehara, S
108
Uehara, T
1079*
Ueng, T
1820*
Ulland, B
2095
Ulleras, E
1173
Ullmann, L G 888, 2319
Ulreich, J B 817*
Ulrey, A K
912*
Ulrich, H
822
Ulrich, R G 201, 1692, 2226*
Ultman, J S 1135*
Umbreit, T H 1560
Umbuzeiro, G A
2084
Umemura, T 119, 972*, 978
Unfricht, D 265
Unice, K
849, 1254
Unice, K M 857
Unis, D
939
Unkila, M
2335
Uno, H
865, 1023*, 2031
Uno, S
1810
Upham, B L 61, 66*, 67, 961
Uppu, R M 1189*, 1190, 1384
Urbach-Ross, D
1115*
Urban, J D
1374*
Urda, E
2138
Urgino, J
1534
Uribe-Querol, E
1769
Uribe-Ramirez, M
1184
Urushidani, T 186, 1077, 1078, 1079, 1080, 1709
Urusidani, T 989
Usuka, J
548
Uwagawa, S 1228

V
v.d. Hoeven, J 1971
Vachalkova, A 515
Vachon, S
1293
Vaddi, K
1740
Vaghjiani, R J 2047
Vahey, M
80
Vaidya, V
125
Vaidya, V S
469*, 1663, 1667
Vakili, Z
1667
Valcour, A
406
Valdes, J J
80
Valdez, R
2016
Valentin, J
652, 1533
Valentine, R 1275
Valentino, J 210
Valentovic, M 454*, 1009
Valenzuela, O L
1256*
Vallant, M
1538, 1968, 1970
Vallee, F
2388, 2389, 2390, 2391
Valles, A V
817
Vallyathan, V 543, 1046
Vallyathnan, V
1019
van Binsbergen, P
1951
van Breda, S G
2218
van Bree, L
1198
van de Sandt, H
1902
van den Berg, M
1174, 1457, 1543, 1951
van der Merwe, D
812*
van Duursen, M B
1951*
van Herwijnen, M H 2218
Van Houten, B
741, 744*
van Landingham, C 894*, 2307

Van Landingham, C B 1280
van Leeuwen, D M
2218
Van Loveren, H
281, 1896
Van Miller, J 1232
Van Miller, J P 1242
Van Pay, L M 834*
van Ravenzwaay, B
586, 1432
van Steeg, H 1896
Van Vleet, T 982*
Van Winkle, L S
647, 803*
Vancza, E M 1061*
VanDeMark, K L
1438*
Vanden Heuvel, J P 196, 197
Vandenberg, J 710*
Vandenberg, J J
983, 2311
VandenBerg, M
1171
Vandenbergh, J G
405
VandenHoek, S
1975
Vanderklok, C 2174
VandeVoort, C A
2107
Vansant, G
553*
Vargas, G
291, 521
Varney, M
1036
Varney, M R 1241
Varshavsky, J R
1564
Varsho, B J
936, 1236*
Vasconcelos, D
1923
Vasconcelos, D Y
1422
Vasiliou, V
366, 468*
Vasold, R
822
Vasquez, M 2313
Vassallo, J D 1590*
Vassiliou, V 2293
Vasudevan, C 493*
Vaughan, R 1030*
Vazquez, I L 540
vd Horst, L
48, 930
Vedal, S
708*
Vedula, U
1626
Vega, K
1981
Vekaria, H
2085
Vemuri, M C 1787
Vengellur, A 2034*
Vera, R
521
Veranth, J M 240, 242*
Veranth, M M 242
Verdin, E
1997
Vergel de Dios, J
1160
VerHoeve, J 1085
Verhoeven, S 997
Verkouteren, J 351*
Verma, N
177
Verma, P
381
Vermeulen, R 526
Vernon, H
1296, 1298, 1617
Veronesi, B
513
Verwei, M
1902
Veselica, M M 1242
Vesper, S J
371
Vezina, C
923*, 924
Vezina, C M 95, 781
Vezina, M
1288, 1289, 1290*, 1310
Viant, M
160
Viau, A
1292, 1695
Viberg, H
1456*
Vickers, A E 2357
Vidair, C
109*
Vijay, V
2288*
Vijverberg, H 1457, 1788
Villa, J
541
Villa-Trevino, S
62, 1644
Villalobos, A R
1509*, 1772*
Villano, C
149*, 833
Villano, C M 151
Villaroman, C P
1610

Villeneuve, D L
1565*
Vinci, T
2176
Vinggaard, A 1945*, 2097
Virgolini, M 1802*
Visan, A
142
Vitalone, A
1454*
Vitsky, A
175, 633
Vladimirov, Y A
2004
Vladimirova, A
987*, 1358
Vlasova, I I
1158*
Vlasseros, F 446
Vliet, P A
234, 507
Vodela, J
2000*, 2203*
Voelkel, W
506
Voelkel, Y
551
Voelker, R
2095
Vogel, C
777*
Vogel, C F
1539
Vogel, J S
2384
Vogel, W
733*
Volsky, D J
1757
von Holt, K 301, 309
von Landenberg, F
598
von Moltke, L L
1004
von Recklinghausen, U
416
Von Tungeln, L
1685
Vongrises, D 210
vonMarrensdorff, H 797
Vorderstrasse, B A
257*, 1552
Vorhees, C V 931
Voss, K
1496
Voss, K A
1494*, 1992
Voynow, J A 1044
Voytek, P
2301
Vrana, K E
2419
Vu, A
132
Vu, D
2332
Vugmeyster, Y 615
Vuillemenot, B
1037*
Vulimiri, S V 557*
Vulpe, C
2051
Vulpe, C D
786, 1564

W
Waalkens, D 48
Waalkens, I
930
Waalkens-Berendsen, D H
2335
Waalkes, M 426
Waalkes, M P 4, 58, 429, 430, 431*, 1663, 2022,
2026, 2027, 2037, 2040, 2055
Waanders, M 48
Wachtman, L 2151
Wada, Y
107*
Wade, M J
881
Wade, T
407
Waechter, F 1231
Waechter, J M 556, 1242, 1524
Waechter, Jr., J M
1247*
Wagner, A J 1723*
Wagner, E D 2299
Wagner, J
1476, 1852
Wagner, J G 1066, 2213*
Wagner, V O 555
Wahl, D
788
Waidyanatha, S
2358
Waites, C R 982, 2095
Waits, E
152*
Wakabayashi, N
1348
Wakasugi, T 204
Walch, S G
675
Waldeck, D H 2003
Walker, C
1860, 1863*
Walker, C C 1568
Walker, C R 1067

Walker, D
2161
Walker, D M 127, 438, 971
Walker, H
2000
Walker, H L 2203
Walker, M K 355, 779*, 2170, 2171
Walker, N
1750, 2164
Walker, N J 829, 1537*, 1538
Walker, V
2161
Walker, V E 127, 438, 971, 1182
Wall, H
2331*
Wall, K
1984
Wallace, A D 1328, 1332
Wallace, D
1238
Wallace, K B 484, 1083, 2155, 2158, 2342
Wallenborn, J 1062, 2173
Wallenborn, J G
1063, 1194*
Waller, D P 686
Wallerath, T 301*, 309
Wallin, S A
1052
Wallington, A 1956*
Walmsley, R 41*, 1582
Walraven, J M 968*
Walter, I
1183
Walton, F S 440*
Wamer, W G 835
Wan, J
780*, 945*
Wang, A
1197
Wang, B
2024, 2030*
Wang, C
126, 1888*
Wang, D
302*, 2164*
Wang, F
228, 1900*
Wang, G
2159
Wang, H
2434
Wang, J
176, 185, 536*, 548, 957, 1022*,
1191, 1255
Wang, K
1211
Wang, L
291, 1646, 1811, 1818, 1879*
Wang, L C
1789
Wang, M Z 2441
Wang, R
1451, 2109*
Wang, S
957
Wang, T
302
Wang, X
150, 1167*, 1172, 1343*, 1617,
1754*
Wang, Y
824, 2091*
wang, z
957*
Wang-Buhler, J
1816, 1834*
Wang-Fan, W 888, 2319*
Wanibuchi, H 1228
Warbritton, A 452
Warbritton, A R
829
Ward, D L
136
Ward, J B
2355
Ward, J M
431, 889, 1321
Ward, M D 371*, 2257
Ward, S
1666
Ward, T R
2411
Ward, W
53, 1229*
Warheit, D B 243*, 1050*, 1051*, 1554
Waring, J
1546, 2222
Waring, J F
756*, 1708*, 1711, 1819, 1905, 1907
Warmerdam, J 1632*
Warnke, L A 421
Warren, M
1071*
Warren, S
904*
Washburn, L L
984
Washer, G
1293
Washington, N
1924
Wasilak, B A 1328, 1332*
Wassenberg, D
1876
Watanabe, G 1652
Watanabe, K 206
Watanabe, T 107, 602
Watanabe, T A
455*
Waterfield, C 1222

Waterson, L 1592*
Waterson, L A 1937
Watkins, J A 1481
Watkins, J B 920
Watkins, S M 2227, 2231*
Watkinson, W P
1698, 2173
Watson, P
617, 2222
Watterson, T L
237*
Watts, G S
424, 427
Watts, J
1568
Watts, S
1745
Waugh, L
466
Way, R
80
Way, W
2357*
Waysek, E
1417
Weaver, C
860
Weaver, E V 2330
Weaver, J
125
Weaver, J L
295, 296, 1665
Webb, M
1585
Webb, T R
243, 1050, 1051
Webber, M M 429, 430, 2027, 2037
Webber, S
2249
Weber, D N 1119
Weber, T
2349*
Weeks, J A
1570
Weems, J M 1881*
Weghorst, C M
1648*
Wehner, N
252
Wei, C
1820
Wei, M
1228
Wei, W
1259
Wei, Y
1812, 1833*
Wei, Z
1259
Weigele, M
993
Weiler, H
309
Weinbauer, G F
1311, 1318, 2105*, 2106,
2364
Weinberg, J 1696*
Weiner, M
943, 1689
Weiner, M L 49, 50, 2330*
Weiner, R
253
Weinman, S A 1225
Weiss, A L
2059*
Weissert, J L 1804*
Weissman, A D
1976*
Wejheden, C 89
Wejheden, C I 88*
Welch, R
526
Welham, J
2312
Weller, D D 599
Wells, D
165*
Wells, D F
173, 623
Wells, P G
1434, 1435
Wells, S
245
Welsch, F
1244*
Welsh, R J
2193*
Welsh, W
54
Welty, S E
123
Wen, D
2150
Wen, L
777
Wen, S
624*, 626, 942
Wenk, M
1970
Wenk, N
1968
Werrlein, R J 1917*
Wessel, M R 891
Wesselkamper, S C
504
wessely, c m 821*
Wessling-Resnick, M 1751
Westerink, R 1457, 1788*
Westmoreland, C
376
Weston, A
55
Weston, D D 1802
Weston, J
1246
Westwood, F 1386
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Weyer, S
293
Whalan, J E 983, 2311*
Whalley, C
80
Whalley, C E 68*
Whelan, H T 920, 1085, 1113
White, C
992*, 2006
White, C A 1803
White, C C 507
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bone marrow toxicity 322
bone tissue
88
Bone toxicity 1574, 1575, 1680
Boron
1414, 1415
BPDE
2114
BR3
615
Brain
575, 576, 1018, 1770, 1920
brain development
1457, 2414
Brain Injury 2005
brain morphometry 1428
Brazil nut
2253
BrdU
1460
Breast cancer 64, 948, 950, 1151, 1153, 1171
breast cells
359
breast epithelial cells 949
Breast implants2083
breast milk
570, 2077
brevetoxin
2438
Brevetoxins
552, 584
brominated flame retardant
592, 593
brominated flame retardants
100, 384, 596,
1169
bromobenzene 2294, 2406
bromocriptine 1652
bromodeoxyuridine 1294
bromopropane 2434
bronchial epithelial cells
375
Bronchiolitis obliteran 1390
bronchoalveolar lavage 1059
bronchoconstriction 1024
BSEP
2135, 2138
BSO
1824
bungarotoxin 2412
bus 860
Butadiene
1054
butylated hydroxytoluene
1991
c-FLIP
2019
c-Jun N-terminal kinases
215, 1015
c-myc
433
C. elegans
40, 1117, 1121, 1178, 1763, 1785
C/EBP
1362
Ca2+ current 2164
cacodylic acid 2380
cadmium
147, 265, 1177, 1548, 1663, 1772,
1888, 2015, 2022, 2023, 2024, 2025, 2027,
2028, 2029, 2030, 2031, 2034, 2035, 2037,
2038, 2041, 2081
cadmium chloride
2014
Cadmium Toxicity
40, 2036
Caenorhabditis elegans 1786
Caffeine
65
Caging protocols
944
calcineurin
1379, 1548
calcium
437, 1429, 1944, 1947
calcium channel
2058, 2431
calcium oscillations 1383
calcium oxalate464
caloric restriction
1508
calpain
216, 461
calpastatin
2145
CALUX
1263
CAM
927
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cAMP
1352, 2155
cancer
14, 122, 959, 1122, 1648, 1654,
2039, 2042, 2086, 2311
cancer bioassay database
726
cancer bioassays
2093
cancer potency 726
Cancer Prevention
2088
cancer risk
113, 1277
cancer risk assessment 382, 1853, 2180
Cancer Susceptibility 21
Cannabidiol 1732
Cannabinoid 266, 267, 1162, 1732
CAPE
62
CAPs
1195
Capsaicin
85, 1031, 1033, 1164
CAR
1224, 1326, 1327, 1329
carbamate
46, 1477
Carbamates 1478
carbaryl
1477, 1478, 1479, 2411
carbofuran
496, 1219, 1576
carbon tetrachloride 2300, 2407
carboxylesterase
167, 1476
carboxylesterases
694
carcinogen
784
carcinogen metabolism973
carcinogenecity979
Carcinogenesis 56, 187, 245, 312, 381, 424, 429,
431, 514, 587, 687, 761, 953, 969, 982, 1126,
1172, 1229, 1508, 1603, 1615, 1671, 2027,
2037, 2069, 2089, 2094, 2095, 2208, 2219
carcinogenicity 333, 380, 385, 515, 758, 759,
1639, 2090, 2091, 2216
Carcinogenisis 2092
carcinogens
1805, 1807, 2220, 2359
Cardiac Hypertrophy 355, 2166, 2170
cardiac injury 789
cardiac ionic currents 663
cardiac toxicity 664
Cardiolipin
15, 743, 2002, 2004
cardiolipin oxidation 1158
Cardiomyocyte1372
cardiomyocytes1384
cardiomyopathy
2165
Cardiopulmonary Effects
1194, 2175
cardiorespiratory effects
1193, 1198
cardiotoxicity 1083, 1088, 1534, 1535, 1662,
1670, 2153, 2157, 2159, 2174
cardiovascular 292, 294, 304, 408, 649, 650, 651,
657, 658, 661, 662, 1315, 1531, 1984, 2162,
2169, 2173, 2176, 2245, 2318
cardiovascular disease 262, 621, 1660
cardiovascular diseases 1062, 1555
cardiovascular health 2178
cardiovascular system 2154
Carica Papaya 1977
carrier particle 1034
casein-based diets
173
caspase
342, 1159, 2017
caspases
344
cataract
366, 620
catechol estrogen
949
catecholamine 1975
catecolamine depletion 1489
Causation
717, 2318
caveolae
91
Caveolin
1064
caveolin-1
1007
CD-1 mouse 1242
cdc25A
420
cDNA microarray
780, 1337, 1340
Celecoxib
1644
Cell culture 28, 1780, 1792, 2066
cell culture model
1703
Cell cycle
218, 420, 428, 471, 1784
Cell Death
12, 741, 1106, 1109, 2114

cell proliferation
674, 975, 978, 1013
Cell signaling 1022, 1513
cell surface thiols
2283
Cellular response
244
Censoring
1631
central nervous system 1086
centrosome
519
Ceramide synthase
1494, 1993
Cerebellar granule cells2116
Cerebellar slice 1777
cerebellum
2420
cerebrospinal fluid
1287
Cerium-144 and Gamma-ray
1043
cFOS
1795, 1796
Chamber
1699
chaperone
461
Characterization
1561
ChE Monitoring
785
chelation
1767, 2073
chemical
770, 771, 774, 1011, 1498
chemical allergens
374
chemical allergy
2259, 2260
chemical composition 239
chemical computation 1906
chemical hazards
1927
chemical mixture
1269, 2123
chemical mixtures
843
chemical pollution
721
chemical specific adjustment factor
2287
chemical substructures 2225
Chemical Warfare
785, 821, 1035, 1925
Chemical warfare agent
79, 1918
Chemical warfare agents
1916
chemical warfare nerve agent
78
Chemicals
1873
Chemokine 1373
Chemoprevention
62, 551, 1413, 1642, 1643,
1644, 1646, 1647, 1648, 1650, 1651, 1654,
1982, 1983, 1991
chemoprotection
1985
chemosensory 2340
chemotherapeutics
14
chemotherapy 16
childhood leukemia 115
children
109, 114, 388, 561, 719, 723, 727,
729, 883, 895, 917, 2065, 2190, 2191
children’s health
110, 112, 113, 1061
children’s risk 110, 890
children’s risk assessment
1431
children’s toxicity
110
ChIP-chip
219
chiral
588, 1583
chlordecone 1900
chlorine
157, 478
chloroacetates 491
chlorobenzenediamine 1613
Chloroform 2304
chloropicrin 1640, 2340
Chlorpyrifos 862, 966, 1207, 1211, 1248, 1439,
1440, 1443, 1444, 1446, 1447, 1471, 1475
CHO
1418
Cholestasis
1366
cholesterol
1325
Cholesterol secoaldehyde
1384
choline
2323
Cholinesterase 1035, 1478, 1479, 2350
cholinesterase activity 1213
cholinesterase inhibition
2290, 2291,
2292
chondroitin 1682
choroid plexus 1096, 1754, 1771, 1772
chromatin code
1861
Chromatography
75
ChromeMate 1681

Chromium
519, 524, 544, 545, 977, 1058,
1179, 1264, 1266, 1267, 1377, 1420, 1514,
2044, 2049
chromium (VI 532, 2047
chromium picolinate 2048
Chromosomal Aberration
539
chromosomal translocatoin/fusion gene
116
chromosome instability
519, 545
chronic
1475
Chronic beryllium disease
848, 849, 1039
chronic toxicity
626
chrysotile asbestos
349
chrysotile fibers
350
CI Disperse Blue 291 2084
cigarette
231, 806
Cigarette mainstream smoke
276, 928
cigarette smoke230, 301, 309, 531, 638, 801, 805,
1069, 1070, 1185, 1347, 1661, 1965
cigarette smoke condensate
557, 1373
cigarette smoke constituent
210
ciliary epithelium
104
cimicifuga
1882
Circadian
1931
Cisplatin
164, 448, 451
citric acid cycle 2062
Clarias batrachus
1578
cleaning product
1625
clinical
1637, 1869
clinical pathology
1316
clinical trials 767
clofibrate
1298
clonal cell lines 318
Cloning
1834
Clozapine
609
CNS
25
co-culture
2399
Coal Emissions2212
coal fly ash
240
Cocaine
1086, 1619, 2169
Cockayne syndrome B (CSB
1435
cockroach
1482
cognition
337, 1459, 1845, 2052
cognitive
875, 2185
coho salmon 673
Colchicine
452
collagen
641, 1378
colon
67
colon cancer 1645
color
1421, 1423
color vision
2432
Combined Action
1043
Combined effects
1388
combretastatin 550
Combustion Aerosol 1187
Comet
1291
comet assay 517, 533, 552, 1986, 2048
comet assay, apoptosis, GST regulation
551
comet assay, micronucleus assay 516
commet assay 2076
common marmoset 1530
Comparative 7, 329
Comparative Cytotoxicity
1387
comparative genomics 998
competetive inhibitor 1932
Complex Mixture
55
Compliance 1304
composite score
884
Computational Enhancements
2124
computational fluid dynamics
35, 2119, 2125
computational toxicology
1129, 1891
computer simulation 69, 1904
conazole
1205, 1206, 1229
Conazoles
1204

Concentrated ambient particles (CAPs
244,
1196
Concentration limits 2316
conflict of interests
385
congeners
1605
connexin
67, 960
constact hypersensitivity
269, 2261
Constituents 706
Constitutive Androstane Receptor 208, 2221
consumer exposure
1634
Consumer risk assessment
1626
contact allergy 1142, 2271, 2273, 2281
contact dermatitis
1141, 2268
contact sensitizer
2277
contaminants 911, 2315
Contamination579
Control
579
Control animal contamination
1286
Control Band 2270
convulsion
736
convulsions 739, 740
COPD
1090, 1661
copper
641, 1181, 1773, 1774, 2051,
2152, 2189
copper nanoparticle plated electrode
1999
coregulator
1928
corn
1993
cornea
1601
cornea model 1593
coronary heart disease 2166
Correction
656
cortactin
925, 2100
cortical hem 139
corticosteroid 346
cortisol
1173
cosmetic
810
cosmetics
1153
cox inhibition 601
COX-2
1372, 1653
craftsmen
852
CREB, Akt1 1989
creosote
873
Critical Effect Size
896
critical exposure windows
116
critical study 918
cross links
545
cross talk
1510
Cross-contamination 902, 1286
Cross-species 82
cross-species comparison
988, 989, 2309
crosslinker
2076
crosslinks
1264, 1265, 1266, 1267
CRP
292
cryopreserved hepatocytes
2140
cryptorchidism 1938
Cryptosporidium
1611
CSF
2052
CT 1694
CTGF
636
cumene hydroperoxide 180
Cumulative exposure 188, 910
cumulative risk 1203
cumulative risk assessment
2284
cumulative toxicity
1545, 1939
curcumin
675, 1399
cutaneous
1691
cutaneous animal model, superficial
dermal injury
1923
cutaneous exposure
838
CXCL12
1369
CXCR4
1369
cyanide
1629, 1918, 1919
cyclic nucleotide
1462
cycloogenase 301
Cyclooxygenase
1434, 2413

cyclooxygenase-2
831, 1218, 1393
Cyclooxygenases
751
cyclophosphamide
1746
cyclosarin
72
cyclosporine 270, 271, 462
Cylindrospermopsin 1736
Cylindrospermosin
845
cynomolgus 1967
Cynomolgus Monkey 679, 1309, 1316, 1670,
1741
Cynomolgus monkeys 1094
CYP
1004, 1805
CYP 1A1
217, 974
CYP 1B1
974
CYP 2A6
676
CYP 3A
676
CYP 3A4
1330
CYP 450
686
CYP induction 1542
CYP Isoforms 1209
CYP P450
2347
CYP reductase 1911
CYP17
1951
CYP1A
1811, 1824
CYP1A1
85, 220, 677, 776, 787, 799, 980,
1543, 1651, 1807, 1809, 1813, 1877
CYP1A2
799
CYP1C1
1879
CYP2B
1829
CYP2E1
704, 1884
CYP2S1
1835
CYP3A1
678
CYP3A4
1331, 1332, 1819
CYP450
1823, 2080
cypermethrin 1249
cyproconazole 1231
Cysteamine 200
cyt19
442
Cytochomes P450
1833
cytochrome c 15, 1158, 1159, 2002, 2003, 2004,
2122
Cytochrome P450
96, 679, 680, 683, 684,
687, 1204, 1322, 1803, 1815, 1819, 1820,
1822, 1832, 1834, 1835, 1881, 1912, 2409
Cytochrome P450 (CYP) enzymes 1646
cytochrome P450 reductase
1912
cytochrome P4501A 1818
cytochrome P4501A1/1A2
1812
Cytochrome P4502C19
1806
Cytochrome P450s
228, 697, 1817
cytogenetics 536
Cytokine
175, 242, 247, 263, 1396, 1745,
1796, 2263
cytokine profiling
2258
cytokines
1553, 1722, 1734, 1894, 2150,
2261, 2402
cytoprotection 1192
cytotoxicity 487, 643, 801, 1036, 1209, 1214,
1388, 1558, 2085, 2200
Cytotoxicity Assays
1969
cytotoxicity screening 1957
DAAO
472, 473, 474, 475, 476, 477
daphnia magna1953
data mining 985
Database
1, 917, 984, 986
Dax-1
1324
DBP
1816
DCVC
452
DDE
1569
DDT
863, 1331, 1822
death proteins 300
decontamination
1924
decontamination, toxin
1922
DEET
571
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Degranulation 103
DEHP
1332, 1945, 2113
Deiodinase
1942
delayed-type hypersensitivity
1740
deltamethrin 572, 2365
demyelination 1115
dendrite
1450
Dendritic cells 42, 43, 258, 376, 378, 1142, 1144,
1690, 1734
deoxynivalenol 272, 273
Depleted Uranium
1786, 1800, 2071, 2072,
2073
deposition
1698
DEREK
522
dermal
27, 31, 177, 379, 811, 815, 829,
915, 1591, 2289, 2321
Dermal Absorption 591, 809, 812
dermal drug safety
844
dermal exposure
604, 808, 839
Dermal penetration 1589
dermal sensitization 2271, 2275, 2278
Dermatotoxicity
845
DES
1863, 1952
Desipramine 1618, 1619
Development 148, 364, 370, 399, 400, 576, 724,
923, 924, 926, 930, 932, 1121, 1210, 1430,
1451, 1897
developmental 129, 134, 135, 138, 253, 369,
1432, 1458
developmental age
562
Developmental Biology
1116
developmental dissecting aneurysm
291
developmental effects 2298
developmental expression profiles 1436
developmental immunotoxicology 136, 137, 270,
274
developmental neurotoxicity
39, 48, 338,
1425, 1428, 1431, 1454, 1455
developmental neurotoxicology 1441
Developmental toxicity
130, 145, 152,
153, 886, 920, 929, 933, 938, 940, 942, 943,
1245, 1992, 2330
developmental toxicology
887, 1120
Developmental,neurotoxicity
1119, 1790
device
1691
dexamethasone 135, 1684
DHA
1989
Di(n-butyl) phthalate 1076
di(n-butyl)phthalate (DBP
1938
di-2-ethylhexylphathalate
119
Diabetes
179, 285, 421, 467, 626, 631,
1008, 1314, 1503, 1506, 1536, 2137, 2171
diabetic
198
Diacetyl
1029
Diacylglycerol 936, 1236
Diazanon
1576
dibenzanthracene
274
Dibutylphthalate
1364
dibutyltin
1799
DICHLORAOCETIC ACID
2375
Dichloroacetic anhydride (DCAA 2405
Dichloroacetyl chloride (DCAC 2405
dichlorvos
383
Dicholoracetic acid
287
dichotomous data
2286
diclofenac
466, 1711, 2136
dieldrin
695, 1112, 1212, 1825, 1899, 2187
diesel
860, 1200, 1201, 2212
diesel exhaust 232, 249, 535, 790, 1702
diesel exhaust particle 479
Diesel Exhaust Particles
780, 1703
diesel organic extract 235
Diesel Particulate Matter
234
diet765, 1155
Diet restriction 993
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dietary modulation
1474
dietary supplement
1419, 2314
dietary supplementation
1864
Diethyl Phthalate
1260
Differential gene expression
2132
differentially expressed genes
997
differentiation 941
digit
137
Digital Photography 947
dihaloacetate 2368
Dihydrocoumarin
1997
dihydropyrimidine dehydrogenase 702
Diindolyl methanes 951
Diindolylmethane
1227, 1369
diisocyanate 1498
diisocyanates 2258
diisopropanolamine 2323
diketone
2424, 2425, 2426
diketone neurotoxicity 2427
dimethylarsinic acid 2186, 2380
dioxin
83, 98, 220, 394, 561, 1263, 1449,
1536, 1631, 2189
dioxin-like compounds1538
Dioxins
99, 865, 1632
DIPE
1823
diphenyl ethers2371
diphoterine
847
direct dosing 1428
Discovery Toxicology 752, 754, 755, 756
Disease
648, 2353
Disease Models1281
disinfection 157
disinfection byproducts
1274, 2299
Disperse dyes 2084
disposition
562, 566, 567, 578, 589
Disposition and Pharmacokinetics 591, 593
disruption
1950
distance learning
711, 712, 713, 714, 715,
716
distribution 2043
distribution percentiles 117
Disulfides
642, 2351
dithiocarbamates
1120
divalent metal transporter
1763
DMBA
264, 670, 1550, 2010
DMSA therapy280
DMSO
148
DMT1
1180
DNA
795
DNA adducts 38, 525, 790, 794, 1251, 1257
DNA binding 1335
DNA damage 342, 395, 493, 521, 533, 537, 542,
558, 616, 1165, 1381, 2009, 2108, 2217
DNA damage repair 407
DNA deletions 528
DNA Fragmentation 1003
DNA methylaltion
1861
DNA Methylation
438, 1226, 2037
DNA microarray
181, 992, 2023
DNA repair 38, 524, 532, 541, 542, 549, 1183
DNA repair proteins 1177
DNA strand breaks 2114
DNA synthesis 1439
DNA-protein crosslinks
521
Docetaxel
1673
docosahexaenoic acid 1988
Dodecamethylcyclohexasiloxane 1240
dog251, 657, 903, 1310, 1700, 2103
Dog ECG
652, 1533
Dogs
1289, 1313, 1695
domoic acid 1396, 2006
DON
1989
Dong Quai
1883
Donryu rat
1652

dopamine
1098, 1099, 1100, 1108, 1374,
1442, 1484, 1487, 1488, 1846, 2442
dopamine metabolism 1095
dopamine transporter 1753, 2441
dopaminergic neurons 1109
Doppler ultrasound 143
Dose and time dependent
898
Dose preparation
902
dose response 875, 1697, 1866, 2297
Dose Response Modeling
2124
dose-response 708, 1483, 1865
dose-response assessment
2285
dosemetric
70
dosimetry
890, 900, 1696
doxifluridine 581
doxorubicin 497, 1083, 1088, 2151, 2157, 2159
Draize rabbit eye test 909
dried blood spots
2358
drinking water 53, 728, 883, 886, 977, 1602,
1606, 1607, 1608, 1613
drinking water contaminants
1609
Drinking Water Standards
895
Drosophila
1781
drug
772
drug abuse
2437
Drug candidate
555
Drug Candidates
1282, 2343
drug delivery 1688
Drug development
2
Drug Discovery
1281, 1282, 1904
Drug effects 2176
drug excipient 943, 1689
drug hypersensitivity 2256
drug idiosyncrasy
1710, 2224
drug induced vascular injury
294, 1854
drug interaction
1828
drug metabolism
10, 616, 1826
Drug metabolizing enzymes
1650
Drug Product Risk Assessment
730, 731, 732,
733, 734, 735
drug regulation1295
drug safety
321, 613, 1679
Drug Safety Evaluation1669
drug screening 1535
Drug sensitivity
1320, 1727
drug testing 1908
drug toxicity 1909
drug-herb interactions 1883
drug-induced 1855, 1857
drug-induced cardiac abnormalities
666
drug-induced vascular injury
2168
drug-induced vasculitis1675, 1858
Drug-Nutrient Interactions
764
DU-145
1414
dust
1046
E. Coli
286
E2 93
early age sensitivity
122
early in life cancer sensitivity
726
early markers 1222
ebselen
1687, 1913
ecdysteroid
1953
ECG
661, 1528
ECG analysis 1532
ECHINACEA 268, 1416
ecotoxicity
2248
Ecotoxicogenomics
1564
ecotoxicology 1576, 1582, 2244, 2246
ectoplasmic specialization
925, 2100
EDC
1568, 1575
edema
627
EEG
738, 1288, 1289
effects
1984
effluent dominated streams
2247

EGCG
60, 1399
EGEE
2109
EGF overexpression 1659
Egr-1
1157
eIF4E
2044
ejaculation
2057
elastase
2148
electrochemical chromatographic profiling
1999
Electrodes
1288
electrophysiology
662, 1480
electroporation 817
Elimination 566
Embryo Fetal 612, 2170
embryo toxicity
146, 946
embryofetal 131
Embryolethality
130
Embryonic Development
528
Embryonic signalling 945
embryonic stem cells 142, 155, 321
embryotoxicity 142
emergencies 2316
emergency response 1927, 2207
emerging chemicals 1628
endocrine
7, 1166, 1536, 1930, 1941, 1950
endocrine disrupter 1928
endocrine disruption 1167, 1169, 1170, 1172,
1569, 1570, 1571, 1574, 1887
endocrine disruptor 315, 400, 405, 1572, 1932,
2101
Endocrine disruptors 1938, 2128
endocrine regulation 6
endocrine screening 402
Endocrine toxicology 7, 928
endocytosis
2053
endogenous ligand
212
endophyte
1406
endoplasmic reticulum 1415
endoplasmic reticulum stress
1164, 2428
endoscopy
582
Endosulfan
1218
endothelial
1914
endothelial cell 328
endothelial dysfunction
310
endothelial injury
302
endotoxin
242, 806, 1038, 1706
energetic process
1402
engineered nanoparticles
145, 1584
ENU
122
Envirnomental Tobacco Smoke 528
environment 2353
environmental carcinogens
1635
Environmental chemicals
1860, 2337
environmental estrogens
1936
environmental exposure
1250, 2213
environmental exposures
1283
environmental factors 1365
environmental health 118, 998
environmental justice 910
environmental modeling
857
environmental pharmaceuticals 2247
environmental sampling
1586
Environmental Statistics
1631
Environmental Tobacco Smoke 804
environmental toxicants
1448
Environmental toxicology
2243
enzyme
1980
enzyme induction
1819, 1826
ephedrine
2162
Epidemiology 51, 284, 349, 717, 762, 876, 1139,
1840, 1871, 1872, 1874
epidermal keratinocytes
825
epidermis
59
epididymis
1952, 2110
epigenetic
334
Epigenetic Toxicology 1997

epigenetics
953, 1860, 1861, 1862, 1864
equol
1339
ER alpha
358
ER- breast cancer
60
ERalpha
209
ErbB2
64, 2151
ERCC1
407
ERDEM
1219
ergot alkaloid 1406
Ergovaline
1405
ERK
1176, 1345, 2116
erythrocyte
190, 2054
Erythropoiesis 299
Escherichia coli WP2uvrA/pKM101
527
Esophageal Cancer
957, 958
essential nutrient
2198
esterase
1465
Estradiol
1227
Estrogen
227, 304, 398, 400, 403, 952,
1151, 1154, 1155, 1156, 1170, 1335, 1336,
1547, 1882, 1933, 1987
Estrogen Activity
404
estrogen receptor
225, 360, 361, 948, 1932
Estrogen receptor alpha
392
Estrogen receptors
1935
estrogenic exogenous chemicals 1930, 1934,
2100
estrogens
402, 2246
estrous cycle 1929
estrous cyclicity
389
Ethanol
691, 692, 816, 1228, 1437, 1438,
2378, 2401, 2410, 2433
Ethanol Toxicity
138
ethics
388, 718
Ethidium Homodimer 449
Ethyl mercury 1785
Ethylbenzene 685
Ethylene glycol 463, 464, 2339
ethylhexanoic acid
886
EUKARYOTIC
1582
Excitotoxicity 2413
Exendin-4
624
Exercise
2417
Exercise Stress 2176
Exocytosis
1788
expert judgment
1627
exposure
4, 853, 861, 1155, 1249, 1261,
1276, 1611, 1874, 1875, 2270
Exposure assesment 857, 872
exposure assessment 193, 349, 762, 859, 864,
871, 1252, 1516, 1612, 1873
exposure reconstruction
851, 852
Exposure system
1700
expression
1071
Expression profiling 192
external telemetry
1317
extracellular matrix
291
extraction
822, 2356
extrapolation 206, 1701
eye 366, 888, 907, 908, 1595
EYE IRRITATION 1312, 1594, 1600
eye makeup 2347
F-actin
1917
F1 generation 275
FACS
992
FAEEs
692
fathead minnow
fatty liver
2400
FDA
1133
FDA database 905
Fearless
1445
Federal regulations
Feeder cells
547
female
1318

786, 1565, 1569

female reproduction 396
fenfluramine 289
fenthion
1213
FEP
1479
Fertility
611, 1239
fescue
1404, 1405
fetal
1233, 1658
Fetal Alcohol Spectrum Disorders 139
Fetal Alcohol Syndrome
700
fetal brain
362, 1427
fetal testes
1168
fetal testis
1945, 2097
Fetus
934
fibroblast

833, 1362

fibrosis
1047
Fipronil
578, 1209, 1490, 1821
Fischer 344 rat 889, 1929, 2331
Fish
138, 148, 260, 1087, 1264, 1265,
1266, 1267, 1566, 2245
Fish Consumption
859
fish oil
911
fixed-ratio mixtures 1627
FK506
462
flatfish
1936
flavonoids
778, 1344, 1402
Flavoring substances 2346
flow cytometry 172, 546, 1921, 2012
Fluorescein Isothiocyanate
1037
fluorescence probe
492
fluoride
1625
fluoroacetate 2344
fluorochemicals
106
fluoropyrimidine drug 702
fluorotelomer-based acrylic polymers
2324
foci1223
Folate
1492, 1493, 1495, 1496
fold change
2056
folklore medicine
1977
food
768, 1156
Food additives 1151
food allergy 1841, 2001, 2252, 2253, 2254
Food and nutrition
765
Food Defense 2204, 2205
food ingredients
766
food intake
105
food safety
1995, 1996, 2000, 2203, 2204,
2205, 2206, 2207
Food security 2203
Food trends 763
Food-Drug Interactions
764
forebrain
1890
Formaldehyde 185, 983, 1614, 1615, 2311
fragrance ingredient 933
fragrance ingredients 2275
fragrances
211, 1599
free radical
1911
free radicals 644, 1715
Frog
1574
frogs
1571
FTIR
2349
fullerenes
823, 825, 826, 827
Fumonisin
1394, 1395, 1492, 1493, 1494,
1495, 1496, 1992
Functional Observational Battery 49
functional observational battery (FOB
50,
891
Fundulus
1879
Fundulus heteroclitus 444, 1563
Fungicides
590
Fusariotoxins 1387

766
G-CSF
G-protein

2031
1380
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G-PROTEIN COUPLED RECEPTOR
995
GABA receptor1490
GABA(A) receptor
1779
gabapentin
606
gap junction 61, 956
gap junctional intercellular communication 66,
961
gap junctions 959
garlic
1334
Gasoline oxygenates 1804
gavage
2321
GD
81
gender
564, 647, 807, 1768, 2398
gender difference
488, 2402
gender-specific 1830
Gene
179
gene array
1711
Gene Expression
8, 54, 80, 150, 180, 199,
207, 222, 293, 327, 365, 426, 447, 543, 548,
645, 646, 780, 835, 836, 837, 991, 994, 1021,
1074, 1075, 1094, 1168, 1179, 1334, 1461,
1464, 1534, 1551, 1749, 1814, 1858, 1889,
1905, 1920, 1933, 1961, 2034, 2056, 2397
Gene Expression Analysis
234, 553, 1093
gene expression and cytokines
2268
gene expression microarray
432, 1068,
1182, 1540
Gene expression microarrays
1717
Gene Expression Network
1353
gene expression patterns
1089
gene expression profiles
181
Gene expression profiling
201, 1142,
1750, 2219, 2419
Gene induction
414
Gene Interaction Network
1891
Gene micro-arrays
1814
gene microarray
237
gene mutation 350, 972
gene mutations967
gene penetrance
1863
Gene profiling 932, 993, 2259
Gene Regulation
21, 224, 225, 775, 776,
996, 1085, 1090, 1336, 1338, 1346, 1815,
2036
Gene Signature553, 1118
gene-environment interaction
1790
Genes expression
2129
genestein
1864
Genetic damage
1259
genetic instability
549
genetic network
1118
Genetic Polymorphism700, 1262, 1805
genetic polymorphisms17
Genetic Susceptibility 152, 194, 386, 1061, 1062,
1063, 1839
genetic toxicity 1306
Genetic toxicology
559
genetics
1175
Genistein
168, 278, 401
Genome
1
Genomic
648
genomic safety biomarkers
788
Genomics
1, 141, 402, 669, 1087, 1146,
1147, 1148, 1149, 1150, 1404, 1433, 1744,
2026, 2150, 2182, 2216
genotoxic
517
Genotoxic Impurities 880, 1130
genotoxic stress703
genotoxicity 127, 518, 525, 534, 535, 537, 548,
555, 558, 760, 970, 977, 981, 1291, 1582,
1635, 1978, 2115, 2217
Genotoxicity of Pharmaceuticals 560
Genotoxicity screening assay
1517
Genotoxicology
41
geriatry
1318
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gestation
1270
gestational membranes 1553
GFAP
511
Ginkgo
1417
glabridin
1359
Glial cells
955
global
876
GLP-1
626
glucans
1042
Glucocorticoid 151, 263, 1323, 1372, 1567, 1950
glucocorticoids 1680
glucosamine 1682
glucose
2410
glucose regulated protein 78
339
glucuronidation
2149, 2352
glucuronide 675
glucuronosyltransferase1361
glutamate receptors 2416
glutamate-cysteine ligase
507
glutamatergic 1436
Glutamine
1775
glutaraldehyde 2442
Glutathione 186, 482, 489, 504, 507, 508, 638,
941, 1161, 1472, 1549
Glutathione Efflux
1101
Glutathione S-transferases, 1-hydroxypyrene 697
Glutathione-S-Transferase
510, 1664
Glutathione/GSH
234
Glutathione/thiol
2028
glyceraldehyde-3-phosphate dehydrogenase 439
Glycidamide 166
Glycol Ester 2326
GnRH
1948
GO Ontology Analysis898
gonads
2104
GPEI
2013
GRAS
1980
green chemistry
718, 721
green tea
2345
GRF
942
GRK2
1380
gross anatomy course 1614
group housing 1317
Group-housing944
growth hormone releasing factor 942
GRP78
2428
GSH
501, 1389
GSK3
197
GSK3-beta inhibitor 1013
GST
673, 1230
GST-P liver foci
2123
GSTPi
1020
guidance
2307
guidelines
727
Guinea Pig
68, 654
gulf war
571
H+/ATPase pump
1687
HAHs
353
halogenated solvents 2302
Haplotypes
792
HAPS
1060
haptens
1734
haptoglobin 111
hardwood smoke
232
hazard
1299
Hazard Assessment
1284, 2313
hazard communication879
hazard identification 918, 1052, 1128, 2094
hazard quotient
913
hazard screening
243, 2333
Hazardous industrial chemicals 1517
hazardous waste
881
HBEAS cells 543
HCS
493

HDAC
1959
health and safety
897
Health effects 706, 1134
Health Risk 2193
heart
655, 2151, 2167, 2172
heart development
143, 2160
Heart Rate
656
Heat Shock 344, 1353
Heat shock protein 27 483
Heavy metal 1755
heavy metals 118, 1919, 1995, 2069, 2079, 2080
HEC
2308
Hedgehog signaling 128, 844
hemangiosarcoma
328, 329, 330, 331, 332,
333, 334, 2088
hematopoietic stem cells
966, 1688, 1964
hematotoxicity 526, 1320, 1621, 1964
heme oxygenase 1
1184
heme oxygenase-1
1347, 1351, 1371
hemochromatosis
1664
Hemocompatibility 2343
hemoglobin 1217
hemoglobin adduct 193
hemolysis
299, 300, 2339, 2357
hemopoietic stem cell 577
hemostatic system
1002
Hemotoxicity 1319
Hepa-1c1c7 1337
hepatic microsomes 569
Hepatic Stellate Cells 2141
hepatic transporters 1006
Hepatitis
868
Hepatitis C
868, 1225
Hepatocarcinogenesis 62, 205, 616, 1125, 1221,
1223, 1228, 1644, 2221
Hepatocellular carcinoma
1227
hepatocyte
199, 345, 2149
hepatocytes
172, 597, 689, 793, 2017, 2133
Hepatotoxicity 287, 314, 672, 993, 995, 999,
1002, 1003, 1005, 1094, 1123, 1295, 1296,
1298, 1394, 1395, 1905, 1955, 2143, 2222,
2294, 2392, 2399, 2406, 2407, 2408, 2409
Hepatoxicity 313
HepG2
443, 1089
HepG2 cells 691
heptachlor
2298
herb
268
herba agrimonia
1693
Herbal extract 1397
herbs
1391, 1418
hERG
650, 651, 655, 664, 665, 667, 757
hERG potassium channel
663, 666
Hershberger Assay
1937
Het-Cam
1597, 2347
heterologous expression
1832
hexachlorobenzene
960
hexanal
2303
hexavalent chromium 517, 2045
Hexavalent Chromium Compound
2046
HIF-1alpha

1345

High Content Analysis 1960
High Content Screening
1960
High throughput
213, 1964
high throughput assay 2350
High Throughput Screening
560, 1129, 1285
hippocampus 139, 338, 1433, 1438, 1452, 1783,
2417
hippurate
165
Histamine
609, 1313
Histamine release
2250
histology
11, 1092, 1595
histone
1381
histone deacetylase
2047

histopathology 619, 1858, 2087
HIV/AIDS
1714
HL-60
97
HL60
941
HLA-DRa
1341
HMG-CoA reductase inhibitor 614, 623
HNE-conjugate
506
HNF4alpha 1346
hnRNA
783
HO-1
1349
homeostasis 2396
HOMO-LUMO gap 1906
Homology Modeling 354
hormesis
1866, 1868, 1869, 1870
hormones
1361
Hot Flashes 867
housekeeping genes 84
Housing
903
HPLC
568, 1477
HPLC-MS
2230
HPRT
2355
HRV
1195
hsp90
356, 1356
Human
1513, 1540, 1541, 2144
human airway epithelial cells
1014
human breast milk
118
Human Cell Line
41
human cells 318
human corneas 45, 1596
human equivalent concentration 1275
Human Health1954
human health effects 1139, 1283
human hepatocyte
206
human immortalized hepatocyte 1808
human irritants
901, 1312
human kidney cells
460
Human levels of PBDEs
1544
human lung cells
1051, 1180
Human Lymphocytes 552
human milk 865
Human PBMCs
1907
HUMAN PBPK MODEL
2375
human placental microsomes
1174
human studies 406
humoral immunity
254
Hyaline droplet
472, 473, 474, 475, 476,
477
hyaluronan
1038
hydrogen peroxide
486
hydrogen sulfide
2125
Hydronephrosis
1539
Hydroxynonenal
196
Hydroxyphenyl retinamide
2088
hyperactivity 1460
Hyperbilirubinemia 1678
hyperglycemia 484
hyperoxia
1811
hyperoxic lung injury 1812
Hyperplasia 1943
Hypersensitivity
885, 1140, 1143, 1145,
2267, 2276, 2278
Hypertension 307, 779, 1196, 2058, 2171
Hyperthyroidism
446
Hypertrophy 2152
Hypochlorous Acid 1189
Hypospermatogenesis 2103
hypothermia 556
Hypothyroidism
57
hypoxia
481, 779, 1344, 1380, 2148
hypoxia inducible factor
1343
ICA-17043
ICAM-1
ICP-MS
Identification

618
1359
2077
2387

idiosyncratic 1010, 2138, 2222, 2226
idiosyncratic drug adverse reaction 1711
idiosyncratic drug reactions
2224
Idiosyncratic hepatotoxicity
1708, 2223
IEUBK
2192
IFNgamma
1732
IgE 278, 2254, 2255, 2264
IGF-1
1230
IkappaB kinases
1015
IL-13
1010
IL-6
1100, 1392, 1776
IL-8
640, 777
illegitimate recombination
538
IMAC
1375
Imaging
9, 35, 213, 364
immune
256, 277, 323, 1499, 1581
Immune Competence 1738
Immune function
2242
Immune function tests 2238
Immune modulation 285
immune response
246, 1921
immune sensitization 1141, 1839
immune stimulation 367
immunization 1560
immunoassay 1518
Immunogenicity
1748
Immunoglobulin heavy chain
1730, 1731
Immunoglobulin heavy chain gene1725
immunological 892
immunomodulation 245, 272, 1750
immunopathology
3, 326, 1746
immunophenotyping 1743
immunostimulatory 1391
immunosuppression 3, 247, 255, 261, 275, 1162
immunotoxic 1735
immunotoxicity
3, 87, 215, 252, 253, 255,
260, 264, 267, 271, 273, 280, 282, 283, 284,
287, 672, 1175, 1397, 1736, 1739, 1896,
1897, 1900, 2238, 2348
immunotoxicology
135, 245, 265, 266, 268,
274, 281, 324, 325, 1115, 1140, 1143, 1145,
1740, 1742, 2252, 2266
impurities
555
Imunnotoxicology
1728
in silico
753, 1630
In silico Evaluation
1903, 2143
in silico toxicology
1131
in utero
1070
in utero exposure
2232
in virto
2127
in vitro
43, 178, 221, 321, 376, 395, 466,
583, 811, 1143, 1201, 1430, 1480, 1588,
1590, 1591, 1594, 1596, 1728, 1902, 1949,
1961, 1967, 1968, 1970, 2265, 2338, 2414
in vitro alternative
42, 1144, 1600
In Vitro Alternatives 317, 1599, 1957, 1972
in vitro assay 375, 1688
In vitro cytotoxicity 1672, 1973, 1974
In vitro metabolism 685
in vitro method
1632
in vitro methods
243, 559
in vitro model 195, 319, 451, 1091, 1527, 1972,
1973
in vitro models 317, 908, 1966
in vitro organ cultures 1550
In Vitro Studies
317
In vitro system 1973
in vitro systems318
In vitro testing 1965, 2250
In vitro tests 1972
in vivo
818, 1955, 1961, 2338
in vivo comparison
1337
in vivo footprinting 1364
in vivo Mutagenicity 1880
IN-2001
1959

in-vitro micronucleus 1306
incident assessment 1636
inclusions
2055
Indigo Carmine Oxidation
1190
indium phosphide
1053
indole
361
indoles
360
indoor air
878, 913
indoor chemistry
2215
inducible nitric oxide synthase
1719
induction
1803, 1820, 1827, 1829
induction of enzymes 695
Induction vs Elicitiation Thresholds
2271
inert metal oxides
2201
infant
570
infant leukemia
966
infection
1186
infertility
1862
inflammation 91, 226, 238, 239, 305, 427, 750,
777, 805, 999, 1005, 1042, 1044, 1057, 1081,
1137, 1366, 1469, 1503, 1505, 1683, 1706,
1710, 1718, 1724, 1758, 1848, 1850
inflammation mediators
1554
inflammatory genes 1063
inflammatory mediator
1123
Influenza
1041
Informatics
749
Infusion
1303, 1310
Inhalation
24, 183, 241, 373, 1029, 1039,
1047, 1048, 1049, 1055, 1057, 1090, 1624,
1697, 1823, 1852, 2061, 2075, 2096, 2212,
2249, 2306, 2386
Inhalation dosing
657, 1699, 1700
inhalation exposure 79, 230, 1034
Inhalation Pharmacology
660
Inhalation toxicity
1052, 2317
inhalation toxicology 70, 229, 1135, 1187, 1523,
2175, 2326
inhaled insulin 619
inhaled manganese
1182
Inhaled Toxicants
9
Inhibition
1465
injury
1691, 1855, 2099
innate immunity
1898
Inorganic arsenic
1256, 2183, 2184
inorganic lead 1795
inorganic phosphate 1017
iNOS
1216, 1357, 1707
insecticide
1482, 1490
insecticide synergists 669
insecticides
2209
Insulin
1368, 2410
Insulin Resistance
2403
Insulin sensitizer
628, 629
Insulin Signaling
671
integrated testing
1971
integrin
634
interaction
1455, 1619, 1718
interactome identification
1181
interferon-gamma
136
Interindividual variability factor 893
Interleukin
1721
Interleukin-1 1683, 2118
Interleukin-12 1395
Intracellular Calcium 1777, 1778
intracerebroventricularly administration
105
Intranasal
1292
Intrapleural pressure 660
intraspecies uncertainty factor
383
intrathecal
606, 1287
intravenous
1302, 1303
invasion
1411
ion channel 106
ion channels 663, 2425
ionizing radiation
538, 2098
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IRE
1754
IRIS
348
Iron
503, 1180, 1382, 1557, 1752,
1773, 1844, 1847, 2051, 2396, 2436
Iron homeostasis
796, 2068
Iron Regulatory Protein
2062, 2068
irritant
1030
irritation
888, 1623, 1640, 2303
ischemia-reperfusion 1349
isobornyl acrylate
1607
isocyanates
374
isoflavone
1982, 1983, 1987
isolated chicken eye assay
1594
isolated heart 664
isoprostanes 506
Isoproterenol 2153
iTRAQ
1941
Japanese food
Jet fuel
Jet Oil
JP-8
JP-8 Fuel
JP-8 jet fuel
jurisdiction
Juvenile rats

107
177, 839, 842, 1036, 2367
1467
840
841
836, 837, 838, 1722, 2386
720
120

kaempferol
61, 67
kahweol
1408, 1409
Katrina
1246
KAVA KAVA 1831
Keap1
20
kenetics
571
keratinocyte 29, 824, 1342
keratinocytes 432, 433, 434, 830
Ketamine
126
ketoconazole 1686
Keyhole Limpet Hemocyanin
1738
kidney
53, 124, 125, 158, 159, 174, 448,
455, 456, 463, 465, 468, 470, 471, 563, 625,
1084, 1967, 2038, 2041, 2070
Kidney Biomarkers
457, 1669
kidney injury molecule-1
1667
kidney slices 451
Kim-1
1663
kinase
1011
kinesin
2426
kinetic
2367
kinetic modelling
2377
kinetics
509, 585, 2363
KLH
252, 1737
Knock-In
1809
knockout mice 962, 1818
Kolmogorov equations 894
Korean
1413
kupffer cell
331, 1122, 1125, 1127, 2150, 2399
Kupffer cells 1123, 1124
L-Se-METHYLSELENOCYSTEINE
1677
labeling
2348
lactate dehydrogenase 487
lactation
406, 1237
lactones
1951
laminin
1915
Langerhans cell2260
Largemouth bass
1935
laser scanning cytometry
1746
Lavendamycins2121
LDH assay
1562
LDL-C
308
Lead
189, 280, 327, 336, 337, 339, 365,
699, 875, 1376, 1520, 1762, 1787, 1789,
1791, 1797, 1802, 2055, 2056, 2057, 2058,
2059, 2195
Lead (Pb
279, 335, 1788
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Lead (Pb2
2054
Lead exposure 112, 2191
Lead toxicity 51
Learning and Memory 1425
LEC rat
2134
Leflunomide 1712
Legal
1868
Leishmania
259
Lenalidomide 133
Lentinus lepideus
1401
leptin
1167
Leukemia
866, 889, 983, 1653
leukocytes
1735
LH 1947
LH surge
389
Ligand Activation
1324
lignan
2335
lignans
1951
Lindane
453, 2287, 2377
Linuron
1233
LIP1965
lipid analysis 748
lipid maps
747
Lipid peroxidation
505, 2083, 2134
Lipid Profiling 362, 2231
lipid rafts
16
Lipidomics
12, 746, 747, 749, 2005
Lipids
470, 746, 919, 2255
lipoic acid
2429
Lipopolysaccharide
1729
lipopolysachharide
1707
Liposome
1673
liposomes
2120
Listeria
1058
literature mining
997
lithium
2341
LITTER ORDER
278
liver
224, 312, 331, 441, 628, 629, 679,
781, 782, 1007, 1009, 1068, 1080, 1125,
1126, 1208, 1229, 1326, 1346, 1367, 1664,
1679, 1684, 1707, 1709, 1710, 1817, 1831,
1988, 2026, 2133, 2137, 2144, 2226, 2300,
2314, 2395, 2396, 2401
liver and kidney
564
Liver and lung microsomes
685
liver cancer
1659
liver carcinogenesis
1079, 2142
liver cells
2046
liver injury
488, 1006, 1366, 1665, 2134, 2223
liver slices
2141, 2357
Liver toxicity 203, 1078, 1506, 2394, 2405
liver tumors 967
Liver vs. Lung metabolism
635
liver X receptor419
liver,kidney
1093
livestock
1406
LLNA
379, 769, 770, 771, 772, 773, 774,
2274
LOAEL
914
local lymph node assay 377, 2273
local lymph node assay (LLNA
2277, 2319
local tolerance 1302
long term potentiation 1457
Long-Term
1310
long-term effects
937
loss of heterozygosity 536
Low dose
1867
low dose radiation
1641
Low-molecular compound
2272
Low-solubility Particles
1848, 1849,
1850, 1851, 1853
LPS
123, 1661
lung
478, 481, 508, 647, 724, 802, 803,
954, 1038, 1069, 1134, 1137, 1880, 1898,
2013

Lung Airways 1135
lung cancer
436, 438, 676, 1633, 1701
lung cancer cells
1558
lung cells
637, 1199
Lung Central Airways 2119
lung development
678, 1040
lung edema
1025
Lung Fibrosis 1037
lung injury
236, 504, 1035, 1037, 1694, 1811
lung internal dose
1275
lung repair
1027
lung simulants 2202
Lung tumorigenesis 65, 1850, 1851
lung tumorigenicity 1848
lung tumors 967
lymphocyte 121, 1176
lymphocytes 1354
lymphoreticular
892
lysocardiolipin 2003
lysyl oxidase 641, 1365
macronutrient substitutes
765
macrophage 184, 411, 1012, 1706, 1894, 2349
macrophages 1216
Magnetic Nanoparticles
1049, 2053
Magnetic Resonance Image
1049
Magnetic Resonance Imaging
1426, 1755
Mainstream smoke
874, 927
MALDI Tissue Imaging
174
MALDI-TOF-TOF 1375
Male Reproduction 2102
male reproductive system
1167
malignancy
114
Malondialdehyde
1255
mammalian toxicology 2244
Mammary
399, 670, 1172, 1552
mammary carcinogenesis
1647, 1996
Mammary gland
687, 1212
Mammary Tumor
952
mancozeb
281, 1485
maneb
1486
Manganase
2061
Manganese
24, 26, 190, 191, 1751, 1752,
1753, 1755, 1756, 1757, 1758, 1759, 1760,
1761, 1762, 1763, 1764, 1765, 1767, 1842,
1843, 1844, 1845, 1846, 1847, 1975, 2062,
2064
MAP Kinase 1022, 1512, 2414
MAP kinases 1509, 2050
MAPK
1020, 1106, 1185, 1394, 1511,
1514, 2116
MAPK cascades
1510
MAPKs
2035
Margin of safety
2346
marine mammal
1581
marker
1315
Markov Chain Monte Carlo
2382
Markov Chain Monte Carlo analysis
1280, 2310
marmoset
1311
mass spectrometry
183, 748, 1016, 1516,
2388, 2389, 2390, 2391, 2395
Mass Spectroscopy
75
mast cells
296, 821
Maternal
1447
maternal exposure
1040
maternal nutrition
1262
mathematical 2371
maturation
2260
Maximum tolerated dose
1621
MDMA
574
Meat & poultry
2000
meat identification
1999
mechanism
323, 1329
Mechanism of action 2216

mechanisms 341, 2222
mechanisms of toxicity 203, 2337
mechansims 2227
mechlorethamine
1913
Medaka
1955
Medicated Feeds
1638
MEHP
2113
Melanoma
418
Melatonin
1657
Membrane
814
membrane-coated fibers
842, 843
menadione
485, 500, 515
menopause
1418
Mephenytoin 4-hydroxylase
1806
Mercury
284, 1175, 1176, 1586, 1783,
2179, 2195
mesothelial cell2014
Mesothelioma 2331
meta analysis 2184
Meta-analysis 2241
Metabolic Activation 1633
metabolic resistance 540
metabolic syndrome 1505
metabolism
440, 569, 575, 583, 597, 598, 674,
682, 683, 684, 691, 694, 704, 1208, 1334,
1588, 1821, 2295, 2370
Metabolism and disposition
592
metabolite profiling 600, 2230
metabolites
574, 2353
metabolomics 160, 162, 164, 2126, 2231
metabonomics 159, 161, 163, 165, 173, 623,
2093, 2227, 2228, 2229, 2230, 2394
metabotropic glutamate receptor 1778
MetaDrug
668
metal
4, 335, 1511, 1512, 1766
Metal interaction
2082
metal mixtures 1762
metal neurotoxicity 1800
Metal toxicity 1564, 1792
metal transporter
1751, 2029
metallothionein
265, 642, 1345, 1351,
1403, 1785, 2032, 2033, 2038, 2039, 2041,
2042, 2055, 2156, 2159
metallothionein-III
1350
metallothionien
2040
Metals
22, 23, 112, 445, 521, 1183, 1513,
2015, 2033, 2040, 2050, 2052, 2060, 2070,
2075, 2077, 2082, 2199
Metals, arsenic 1793
metam sodium 389
Metaplasia
1041
metastasis
1411
methamphetamine
1434, 1435, 2169, 2418
Methanol
2308
method
1705
methodology 811
methods
1741
methods development 406
methoxychlor 1111, 1216, 1935, 2102
methoxychlor (HPTE 390
Methyl formate
815
methyl iodide 2322
methyl mercury
1454, 1776
Methyl pamitate
1720
Methyl parathion
1443, 1444
methyl tert-butyl ether 2382
methyl-parathion
2108
methylated arsenic
1769
methylated arsenicals 761
methylated epicatechin1813
Methylation 52, 416, 758, 759, 1224
Methylazoxymethanol Acetate
1426
methylenedianiline
2139

methylmercury 870, 1119, 1770, 1775, 1777,
1778, 1779, 1780, 1781, 1782, 1796, 2066,
2067, 2194
Methylparaben 690
methylphenidate
127
metolachlor 681
MGMT
701
mice
236, 303, 585, 1704
Mice and rats 2240
Microarray
8, 30, 55, 95, 186, 205, 206, 397,
398, 403, 445, 645, 786, 835, 898, 991, 1074,
1082, 1087, 1092, 1178, 1210, 1353, 1405,
1563, 1616, 1617, 1750, 1890, 1896, 2034,
2110, 2140, 2221, 2397, 2401, 2418
Microarray analysis
57, 1091
Microarrays 1747, 2393
microbe
2012
Microbial Risk Assessment
1610, 1926
Microcystin-LR
176
Microcystins 1020
Microdialysis 840, 1473, 1488
microglia
1105, 1396, 1758
microhomology-mediated end joining
538
micronuclei 1524
micronucleus 178, 529, 546, 557, 1291, 1306
micronucleus test
556
micropigmentation
2348
microsomal epoxide hydrolase
797
microsomes 2112
microtubule 550
Microtubule cytoskeleton
2028
microtubules 675
Midazolam
126
mineral spirits 850
miniature pig 600
minimal risk level
892, 1629, 2198, 2298
minimal risk level (MRL
2306
Minipig
72, 131, 1297
Minipigs
658
minute volume 1696
Miosis
74
miscarriage
363
Mismatch Repair
514
mitochondria 342, 344, 460, 644, 741, 742, 743,
744, 745, 802, 1110, 1402, 1507, 1655, 1712,
1713, 1714, 1715, 1756, 1908, 1909, 2009,
2011, 2130, 2139, 2155, 2289
Mitochondria dysfunction
1791
mitochondrial 795, 1205
mitochondrial biogenesis
484, 1083
Mitochondrial DNA 503, 2161
mitochondrial dysfunction
1085, 1114,
1685, 1717, 1782, 2161, 2415
mitosis
963
Mitotic Arrest 418
mitotic catastrophe
417
mixed function oxidases
669
mixture
46, 1899, 2197
mixtures
382, 1537, 2187, 2195, 2299, 2374
MMAIII
2086
MMP
151, 832
MMP inhibitor
1678
MMP-2
86
MMTV-neu 1959
MMTV/c-neu mouse 950
Mn2063, 2065
Mn Nanoparticles
1559
Mn or Fe
1754
MNPs@SiO2(RITC 2334
MNSP
1979
mode of action 380, 983, 1146, 1147, 1148, 1149,
1150, 1231, 2208, 2296, 2300, 2301, 2311
Model
99, 179, 446, 1666, 2120, 2367
modeling
325, 1276, 1297, 1462, 1463,
1925, 2379

modifiers
1842
mold/fungi
371
molds
2257
molecular biology
5
molecular modeling 1887, 2121
molecular profiling
2226
Molecular Targets
176
Molecular Toxicology 1116
Molinate
2111, 2369
monkey
271, 1311, 2105, 2106, 2364
Monkeys
1288, 1289, 1694
monocyte
411
monomethylarsonous acid
54, 425
Monte Carlo 2320, 2378
Morphine
1618
Mortality risk 1195
motoneuron 2412
motor activity 1203, 1491
mouse
556, 984, 1303, 2267
mouse bioassay 1424
mouse brain 1769
mouse lymphoma assay
536
mouse micronucleus test
1524
Mouse model 372
Mouse models 316, 2117, 2423
MPP
1101
mPT
1712, 2342
MPTP
1107, 1794
MRE11
544
MRI
191, 337, 1751
MRL
914, 288
mRNA
458, 1825, 1974, 2393
MRP
637
MRP1
1161
Mrp2
2067, 2135, 2147
Mrp2/Abcc2 2131
Mrp3
202
Mrp4
202, 1001
MTBE
1272
mtDNA depletion
2158
Mucous
1041
Multi-stage Growth Models
2124
multichannel recording
1792
Multigeneration Reproductive Toxicity
1234, 1245
Multiple exposures
73
multiple organ toxicity 1957
Multiplex Analysis
1745
multiroute exposures 1609
mummichog 444
munitions
1056, 1241
Murine
510
Murray cod 1736
muscarinic acetylcholine receptor 1444
muscle
630, 2016, 2364
muscle toxicity 1386, 1527
mustard gas 1910
mutagenesis 2049
Mutagenicity 515, 522, 523, 527, 531, 757,
1299, 1635, 2208
Mutation
530, 979, 1205
mutation detection
795
MVK model 894
Mycoplasma pneumoniae
638
mycotoxin
1012
Mycotoxins 1387, 1388, 1994
Myeloid Suppressor Cell
279
Myeloperoxidase
298
myocardial infarction 1529
myopathy
198, 623
Myotoxicity 614
N,N-dimethyl-p-toluidine
567
N-acetyl perflouorooctane sulfonamides
N-acetyltransferase
21, 968
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N-acetyltransferase 1 799
N-acetyltransferase 2 792, 794, 800
N-acetyltransferase-2 793
N-cadherin
2022
n-methyl carbamates 2284, 2285
NAD(P)H
1189
NADPH oxidase
1188
NAG-1
1157
nano toxicology
829
nano-TiO2 particles 1554
nanoactive MgO
2202
nanofiber
2332
nanomaterial 30
nanomaterials 27, 28, 31, 826, 827, 828, 897,
2201, 2333, 2361
nanoparticle 25, 1045, 1561, 2332
Nanoparticles 513, 543, 823, 1082, 1557, 1558,
1560, 2200, 2334, 2349
nanotechnology
1555
nanotoxicity 37, 145, 830, 1559, 1562, 1584,
1723, 2333
nanotube
29, 824
nanotubes
1556
naphthalene 380, 1877
Naringenin
1978
Nasal
23, 1852
nasal airway epitheilum
2117
nasal epithelial cells 1066
Nasal epithelium
646
nasal toxicology
1294
NASH
2146
NAT
1307
NAT1 gene 1370
NAT2
698
Natalizumab 252
Natural Killer Cells 1741
natural product
1422
Natural Products
63, 1397, 1401
naturally occuring asbestos
855
naturally occurring asbestos
856
near-infrared light
1085
Near-Infrared Light Therapy
1113
Necropsy
2021
Necrosis
1390
nematode
47
neonatal DES 953
neonatal DES 2235
neonatal genestein
2235
neonate
1765
neovascularization
1290
Nephrectomized
446
nephrotoxicants
1667
Nephrotoxicity 449, 450, 457, 462, 466, 554, 788,
1663, 2022
Nephrotoxins 471
nerve agent
72, 76
nerve agents 70, 74, 2209
Nervous system
22, 1430
network
1890
network analysis
2128
Neublastin
608
Neural Stem Cells
2415
neural tube defect
1496
neural tube defects
154, 368, 1251, 1492,
1493, 1992
neurite outgrowth
1438
neurobehavior 2309
neurobehavioral
1799, 2185
Neuroblastoma Cells 1787
neurochemistry
1486, 1487
Neurodegeneration
340, 745, 1097, 1102,
1759, 1760, 1761, 2413, 2436
neurodevelopment
1641, 1784
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neurodevelopmental deficits
2185
Neurodevelopmental effects
1604
Neurodevelopmental toxicity
2312
neuroendocrine
323, 1948
Neurogenesis 1783
neuroimmune 76, 327
neuroimmunology
324
neuroimmunotoxicology
324
Neuroinflammation 498
neuromuscular junction
2439
neuron
1117, 1429, 2438
neuronal
80
neuronal development 1449
neuronal migration
1776
neuropathic pain
608
neuropathology
11, 48
neuropathy
2422, 2423
neuropathy target esterase
1462, 1463
Neuroprotection
502, 2417
Neurotoxicity 24, 47, 513, 534, 572, 574, 578,
607, 736, 884, 930, 1086, 1301, 1429, 1451,
1456, 1458, 1459, 1473, 1474, 1488, 1489,
1507, 1525, 1757, 1764, 1768, 1786, 1794,
1798, 1801, 1842, 1843, 1998, 2194, 2411,
2418, 2419, 2421, 2422, 2424, 2425, 2431,
2434
neurotoxicology
335, 1115
neurotoxin
2060
neurotrophin 1470
neurotrophins 1471
Neutral Red 801
neutralizer
1587
Neutralizing antibodies
1748
Neutrophil
103, 1027, 2031
neutrophils
240
new dietary ingredient 2335
newly dividing/divided cells
2145
NF-E2-related factor 1351
NF-kappaB 639, 1357
NF-kB
1355, 2118
NF-B
1322, 1359
NFkB
958
NHANES
1254
NHEK
1958
nickel
858, 1265, 2068, 2085
Nicotine
1447, 1491, 1721, 2162
nicotinic overstimulation
2236
Niemann-Pick Disease 175
Nigeria
1424
Nigrostriatal 1108
Nitric Oxide 94, 226, 279, 479, 530, 531, 1104,
1645, 1719, 1953, 2154
nitric oxide synthase 696
nitro-PAH
1026
nitrogen mustard
1913
Nitrosamine 1721
Nitrosamines 2320
Nitroxides
2002
nitroxyl
486, 537
nitrozative stress
1163
NK cell activity
1742
NMDA
2438
NMDA receptor
1461, 2430
NMR
160
NMR and UPLC-MS 161
NMR Spectroscopy 1285
NNK
542, 701, 1412
nNOS inhibitor
613
NO
1158, 2163
NO-NSAID 1645
NOAEL
1269, 1622
non alcoholic fatty liver disease
2398
non genotoxic 1223
non genotoxic hepatocarcinogenesis
553,
1222

non-animal
1971
non-genotoxic hepatocarcinogenesis
1127
non-invasive 1515, 1519
Non-linear
2192
Non-rodent 1308
Non-rodent species
2242
nonalcoholic steatohepatitis
207
NONCANCER
348
nongenotoxic 194
nonhuman primate 2105, 2107, 2167
nonhuman primates 2104
nonlinear models
1865
Nonmelanoma skin cancer
1656
nonylphenol 459, 1327, 1829, 1830
norbixin
2266
Normal
646
Normal and malformed images 947
normal human oral keratinocyte 210
normalization methods84
novel gene
2110
Novel ingredients
763
NQO1
1367, 2121
NQO1-NAD(P)H:quinone Oxidoreductase1
Expression 2079
NRF-1
1335
Nrf2
20, 58, 502, 978, 1347, 1348,
1349, 2415
Nrf2; NF-E2 Related Factor-2
2079
NRTI
2155, 2158
NRTIs
971
NSAIDs
1653, 2248
NT2
1976
nuclear factor I 1365
Nuclear Factor kappa B (NF-|*kappa*|B
244
nuclear receptor
19, 1321, 1323, 1325, 1333
Nuclear Receptors
18, 1001
nucleocytoplasmic shuttling
357
nucleoside analogs
540, 1685, 2161
Nur77
2018
nutraceutical 1692, 1979
nutraceutical safety
1420
nutrient
1398
nutritiion
2232
O-acetylation 793
Oatp
564
Obesity
621, 930, 1503, 1504, 1505, 1506,
1507, 1508, 2232, 2233, 2234, 2235, 2236
occupational 1299, 2276
occupational asthma 1497, 1498, 1499, 1500,
1839, 2263
occupational chemicals846
Occupational exposure 872, 1623, 2303
occupational health 879
Occupational Safety 2326
ochratoxin A 963
Octamethylcyclotetrasiloxane
1239, 1929
Octanol-water partition coefficient108
Octatitanate 1055
Octylphenol 565, 1273
ocular burns 847
Ocular Effects 1033
Ocular Irritation
908, 1593, 1597, 1598
Ocular lesion reversibility
909
ocular toxicity 620, 906
Oestrogen
1153
Oil 936, 1236
oil spill
160
Olfactory
23
olfactory epithelium 147, 1294
olfactory transport
26
Oligomycin B 1716
Oligonucleotide
456
omega 3 fatty acids
1990
omega-3 fatty acid
911

OMICS
2142
One atmosphere
705, 2214
online courses 711, 712, 713, 714, 715, 716
Ontogeny
680, 1361, 1363
open field test 1460
OPIDN
1464, 1467
Opioid Antagonist
610, 611, 612, 1531
Oral
605
Oral tolerance 2252
Oral toxicity 1804
Ordnance related compounds
1564
Organelle-Specific
1809
organic arsenical
758
organic fiber 1050
Organic solvent
868
organoarsenicals
674
organochlorines
865, 1585
Organophosphate
1211, 1442, 1470, 1471,
1474, 1476, 2350
organophosphate insecticides
1439, 1440
organophosphate-induced delayed neurotoxicity
1466
Organophosphates
81, 1215, 1445, 1466,
1468, 1924, 2209, 2374
organophosphorous 1446
organophosphorus
1473
organophosphorus insecticide
167, 695
Organophosphorus pesticide
1469
organophosphorus pesticides
1441, 2297
organotin
1799, 2197
Organotins
1897
ornithine decarboxylase
1084
orthophthalaldehyde 2442
osmotic stress 468
Osteochondrosis
2288
osteopontin 184, 467
Osteoporosis 1680
ototoxicity
1449
ovarian reserve 393
ovariectomy 1318, 1822
ovary
390, 391, 392, 394, 395, 1549,
1550
ovary & uterus 401
Overclassification
907
ovotoxicity
397
oxazolone
373
oxidant injury 1851
oxidant stress response 123
oxidation
2351
oxidative
489
oxidative damage
2045, 2158, 2441
Oxidative DNA damage
92, 534, 955,
957, 1225
oxidative injury
632, 1660
oxidative signalling
486
oxidative stress 180, 246, 425, 453, 454, 481, 482,
490, 491, 492, 493, 496, 498, 501, 504, 505,
506, 507, 513, 614, 642, 741, 742, 846, 954,
978, 1079, 1110, 1111, 1112, 1113, 1118,
1186, 1197, 1348, 1379, 1484, 1501, 1511,
1542, 1556, 1557, 1714, 2005, 2006, 2130,
2411
oxidative stress and genotoxicity 1191
Oxidative Stress, Hepatotoxicity 1300
oxidative stress/ROS 480, 632
oxoguanine glycosylase 1 (Ogg1 1435
oxon form
1213
oxygen consumption 1908
Oxygen-regulated protein
461
ozone
157, 1061, 1062, 1063, 1064,
1065, 1066, 1067, 1069, 1070, 1134, 1136,
1137, 1139, 1502
ozone inhalation
1068
Ozone Production In Vivo
1190
Ozone Uptake 1135

ozone-depleting solvent

2434

p,pí-DDE
863
P-450
1831
p-Cresidine 2091
p-glycoprotein 1686
p-phenylenediamine 2262
P2Y12
617
p38
97, 1329
p38 inhibitor 314
P450
44, 1327, 1808, 1816, 1821, 1827,
1830, 1883
P450 gene expression 1358
P450’s
1810
p53
178, 520, 703, 971, 1104, 1177,
1350, 1355, 1655, 1784, 2092
p53 dysfunction
436
p53 mice
2091
p53 protein 1354
p53, p21
417
p65
1356
paclitaxel
1672
PAF
1914
PAH
382, 1814
PAHs
353, 525, 1251, 1257, 1701
pain
606
Painters
866
Pancreas
56
paper porosity 557
para-aminophenol
485, 487
Paraben
1154, 1156
Paramecium 106
parameter estimation 2376
paraoxonase 1446
paraquat
831, 1105, 1106, 1108, 1160,
1188, 1378
Parathion
812, 1207
parenteral formulations
2343
Parkinson
1098, 1105, 1107
Parkinson’s
1975
Parkinson’s Disease
502, 511, 1095, 1097,
1103, 1109, 1110, 1112, 1113, 1160, 1843,
2007, 2061
Parkinsonism 1767, 1846
Parkinsons’s disease
1099
paroxysmal activity
738
PARP-1
435
Particle
241
Particle characterization
707
Particle Deposition
2119
particle retention
1849
particle toxicology
707, 1026
Particles
1852, 2127
particles/fibers 1052
particulate
237, 1053
particulate air pollution
2213
particulate matter
229, 233, 238, 242, 246,
302, 706, 707, 1184, 1193, 1198, 1698, 2082,
2173, 2210, 2211
Particulate Pollutants 1501
parts washing 850
patatin
1463
pathogens
1612
pathology
329, 2167, 2322
pathway
1071
pathway analysis
294, 994
pathways
422, 987
PAVA
1033
Pb 340, 1771, 2063, 2065
Pb, development
338
PBBK
1971
PBDE
100, 108, 596, 725, 1542, 1581,
1878
PBDE 209
1456
PBDEs
562, 791, 1174, 1544

PBDEs; polybrominated diphenyl ethers
1543
PBK Modelling
2381
PBPK
812, 1207, 1268, 1278, 1519,
1875, 2368, 2370, 2376
PBPK model 1270, 1272, 2308, 2366, 2369,
2371, 2378, 2383
PBPK modeling
893, 1271, 1273, 1275,
1280, 1886, 2301, 2365, 2372, 2374, 2382
PBPK-PD model
32, 36, 1279
PBPK/PD model
33, 69, 1219, 2310
PBTK
1269
pc12
1104
PC12 cells
1440, 1559
PCA assay
2254
PCB
91, 97, 108, 305, 1453, 1540,
1541, 1603
PCB 126
95
PCB 153
95, 1451
PCB 95
1452
PCB and methylmercury
1455
PCB metabolites
384
PCB126
1454
PCBs
92, 93, 588, 686, 1450, 1602, 1604
PDCD4
2013
PDE inhibitor 667
PDE4 inhibitor
169
peak expiratory flow rate
1023
pear
1413
pediatric
124, 125, 158
PEG-catalase 1649
pentaerythritol 129
peptide
2090
peptides
1910
perchlorate
1279, 1608, 2312, 2313
perchloroethylene
2432
perflourooctanoic acid 370
perfluorinated compounds
1458
perfluoroalky acids
195, 2385
Perfluorobutanesulfonate
603, 1234, 2327
Perfluorooctane sulfonate
573, 576
perfluorooctanoic acid 369, 1634
perfluorooctanoic acid (PFOA
255, 2325
Perinatal exposure
283
Peripheral blood mononuclear cells
170
peritoneal macrophages
1720
permeability coefficient
839
Permethrin
862
peroxidase
1434
peroxide
2321
Peroxiredoxin 6
494
peroxisome proliferator
101, 102, 630
peroxisome proliferator activated receptor beta207
peroxisome proliferators
333, 965, 1126
Peroxynitrite 1189, 1190
persistant organic pollutant
102
persistent organic pollutant
101, 1934
Persistent Toxic Substances
1954
pesticide
46, 391, 725, 1111, 1210, 1520,
2291
pesticides
47, 281, 282, 283, 388, 785, 808,
887, 950, 1204, 1208, 1212, 1214, 1215,
1261, 1472, 1484, 2290, 2292, 2293
Petroleum Oil 1567
PFBS
603, 1234, 2327
PFC
254
PFC and ELISA
2239
PFC response 256
PFOA
369, 370, 399, 857
PFOS
101, 102, 103, 104, 105, 256, 573,
2435
phagocytic activity
1720
phagocytosis 1163, 1186
pharmaceutical 618, 1283, 1583, 1675, 2095
Pharmaceutical Intermediates
1284
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Pharmaceuticals
290, 322, 580, 880, 1281,
1282, 1904, 2228, 2238, 2242, 2243, 2244
pharmacodynamic model
2243
Pharmacodynamics ‚ PBPK
22
pharmacokinetic
582, 1276, 1287, 2379
Pharmacokinetics
99, 565, 580, 586, 589,
603, 759, 890, 935, 1268, 1277, 1475, 1526,
1871, 2125, 2366, 2383
pharmacological activity
1693
pharyngeal aspiration 1059
Phase 2
1981
Phase 2 enzymes
20
Phase I clinical study 1621
phase II enzymes
17
Phaseolus vulgaris
1419, 1981
phenanthraquinone 535
Phenobarbital 120, 181, 1224, 1226, 1825
Phenothiazine 98
Phenotypic Anchoring 313
phenylenediamine
1613
Phenylhydrazine
299
PhIP
514, 800
Phortress
1963
phosgene
1025
phosphatidylserine
415
phosphatidylserine externalization 1163
phosphatidylsrine
15
Phospho-retinoblastoma protein 452
Phosphodiesterase inhibitor
295, 1358
Phospholipase A2
470
phospholipid 961
Phospholipidosis
13, 172, 1620, 1630, 2133
phospholipids 14, 66, 499
Phosphorodiamidate Morpholino Oligomers 599
Phosphoryaltion
58
Phosphorylation
483, 1381
phosphoylation1375
Photobiomodulation 920
Photocarcinogenesis 1656
Photoimmunosuppression
1656
photosafety evaluation 1906
phototcarcinogenesis 2087
phototoxicity 818, 819, 820
phthalate
926, 1168, 1238, 1270, 2101
phthalate esters1545
phthalates
362, 919, 1152, 2097, 2264
Phyllanthus maderaspatensis
1985
Physical activity
2381
Physiological daily inhalation rates 117
physiological range
1316
physiological-based pharmacokinetic model
1274, 2373
Physiology
33
phytochemical 1171, 1979
phytochemicals1815
phytoestrogen 1339
Phytoestrogens 404
Pi 1018
PI3K/Akt
2440
Pim-1
945
pituitary
1573
PK 667
PK and metabolism 622
PKC
956, 1019, 2164, 2420
PKC delta
2007
place preference conditioning
2437
placenta
136, 168, 919, 1211
placental biotransformation enzymes
1262
placental transport
584
plant extract 1977
plasma
594, 1585, 2388, 2389, 2390, 2391
Plasma Protein Binding
665
plasticity
1448
platelet
415, 617
Platelet Activating Factor
821
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Platelet Factor 4
297
Platelets
297
Platycodi Radix
1412
Platycodon grandiflorum
1407, 1410,
1411
playground
109
PLNA
2272
PM645, 900
PM2.5
237
PMN
1044
POFA
932
pollutant
1502
Pollutants
326
poly(ADP-ribose) polymerase
2406
polybrominated
931
Polybrominated Diphenyl Ether 934
polybrominated diphenyl ethers 1544, 1570
Polybrominated diphenyl ethers (PBDEs
1553, 1934
Polychlorinated Biphenyls
94, 96, 260,
864, 1021, 1221, 1605, 2441
Polycyclic aromatic hydrocarbons,Polymorphism
697
Polycyclic Aromatic Hydrocabons 1250
polycyclic aromatic hydrocarbon 1876
polycyclic aromatic hydrocarbons 929, 1646, 1817
polycystic kidney disease
459
polymorphism 699, 701, 796, 797, 968
polyunsaturated fatty acids
1990
POPs
1628
population-specific
893
Porphyrin
1255
Post-translational modification
2122
Postnatal development 635, 935
potassium channel opener
2168
Poultry
2288
PPAR
195, 198, 205, 305, 628, 629, 965,
982, 1314, 2089, 2095
PPAR agonist 199
PPAR alpha 164, 200, 201, 202, 989
PPAR gamma 627
PPAR-alpha 194
PPAR-gamma 1157
PPARalpha
197
PPARbeta
196
PPARg agonists
332
PPARgamma 1726
PPAR
1127
pre-antral follicles
397
precautionary principle718, 719, 720, 721, 722
Precision-cut lung slices
1962, 1963
preconditioning
1103
Predict
2192
Predicting compound toxicity
1907
predictive toxicology 320, 905, 1296, 1298,
1319, 1887
pregnancy
863, 928, 1237, 1248
pregnane X receptor 1322, 1328, 1330, 1332,
1333
premonitory signs
739
Prenatal
276
prenatal nicotine
2236
prenatal nutrition
2234
prenylation
1386
PREP
231
prepubertal development
401
preterm birth 123
Primary Cultred Rat Hepatocytes 671
primary human renal proximal tubular cells 1966
primary mammary fibroblast
1171
primary rat renal cortical tubular cells
1091
primate
2064
Primates
610, 1531
primordial follicle
393
Principal Component Analysis
49

Principal Component and Factor Analysis
50
Prion
1766, 2440
prioritization 1129
PRMT1
1330
Probabilistic Analysis 1610
Processing
783
Procoagulant activity 2054
product safety 2341
profiling
548
progenitor cell 429
progesterone 1940
progression
2145
prohapten
1590
proinflamatory effect 250
Promega Glo 1808
promoter
1328, 1370
propanil
282
propionaldehyde
693
Propiverine
472, 473, 474, 475, 476, 477
Proportion of Sex
539
Proposition 65 899
propranolol 2245
Propylthiouracil
1433
prostaglandin 458
prostaglandin E2
601
Prostaglandins 508, 637
prostate
430, 2033, 2039, 2106
prostate cancer 951, 1415, 1642
prostate development 921, 922
prosurvival
343
protease-activated receptors
1103
Proteasome
2008, 2423
Protein Adducts
187, 1192, 2136
protein allergy 375
Protein binding
71, 455, 602, 2281
protein degradation 214
Protein Expression
8
Protein kinsase C delta 2008
protein modification 973
protein oxidation
480
protein synthesis inhibition
1089, 1974
protein thiol oxidation 490
protein tyrosine phosphatase
1014
proteins
823
proteomics
29, 63, 183, 450, 647, 824, 1016,
1437, 1568, 1797, 1941, 2011, 2394, 2395,
2421
psoralen
146, 939
puberty
1166
Pueraria Radix 1371
pulmonary
240, 1024, 1036, 1053, 1881
pulmonary bioassay 1050
pulmonary effects
1050, 1051
pulmonary fibrosis
184, 636, 1043, 1378, 1556
pulmonary function 619
Pulmonary hypertension
303
pulmonary inflammation
634, 1046, 1199
pulmonary injury
479
pulmonary toxicity
79, 243, 1048
pulmonary toxicology 1042
Purkinje neuron
2435
purple sweet potato 1421
PXR
1321, 1826
pyrethroid
861, 1249, 1480, 1481, 1483
Pyrethroids
49, 50, 569, 694, 809, 1202, 1203,
2365
pyrethroids metabolism
1431
Pyridostigmine 74, 75
Pyruvate dehydrogenase complex 2429
QSAR
379, 668, 689, 905, 914, 946,
1902, 2115
QSTR
1603
QT Interval 653, 654, 656, 1528, 1530, 1533
QT interval prolongation
408

QT prolongation
659, 2177
QT-Interval 650
QT-screen
651
Quality Assurance
912
Quality Control
912
Quantification 2387
Quantitative Analysis 2388, 2389, 2390, 2391
quantitative morphologic assessment
291
quantitative risk assessment
1606, 2275
Quantitative Whole-body Autoradiography 587
quantum dot 829
quantum dots 828
Quercetin-glycosides 1389
quinine
1577
Quinolone antibacterial agent
527
quinone
480
Rabbit
133, 1302, 1699
rabbit corneas 45, 1596
radiation
1867
radicicol
1356
radioisotopes 2384
radiotelemetry 653
random effect 1627
Rat 89, 270, 463, 605, 611, 612, 968, 1290, 1304,
1677, 1698, 1737, 1742, 1774, 2021, 2043,
2408
Rat gastrointestinal tract
690
rat hepatocyte 492
Rat liver
2132
Rat primary hepatocytes
2148, 2392
rats 660, 1753, 2360
RD50
882
RDX
600, 1580, 1622, 1920, 2366
reactive metabolite
2362
reactive metabolites 2225
Reactive Nano-Iron Particles
1584
reactive oxygen species 154, 355, 421, 485, 495,
530, 1187, 1214, 1472, 1554, 1725, 1756,
2436
real time PCR 1565, 1685
receptor
1374, 1940
receptor complex
1893
Recommended Exposure Levels 2181
Recreational Water Exposure
1610
recreational waters
1612
Redox
1360, 1933
redox cycling 1188
redox signaling 1382
reduction
377, 439, 1592
reference
1637
reference exposure levels
882
reference range 1309
reference substances 906
Refinement 904, 1592
Regeneration 222, 223
regional variation
107
Registry of Toxic Substances
1969
Regulation
386, 705, 710, 1510
Regulations 763
Regulatory
1868, 1870, 2203
regulatory policy
708
regulatory risk assessment
899
Regulatory Testing
48, 2273
Regulatory toxicology 904, 1317
relative potency
1538, 2257
relative potency factors 2284, 2285
release
1789
remediation 1563
Renal
453, 454, 456, 586, 625
renal carcinogensis
972
Renal Cell Carcinoma 469
renal clearance 1966
Renal Papillary Necrosis
161, 457, 458
renal toxicity 464, 1678, 2024

reovirus infection
261, 1990
Repeat dose 1690, 2324
repeated dosage
2377
Repeated-dose toxicity 940, 2327
Replacement 1592
reproduction 131, 917, 1236, 1241, 2096, 2112
reproductive development
2101
reproductive developmental
2328
Reproductive Developmental Toxicology
132
reproductive functions 119
Reproductive organ development 944
reproductive toxicity 929, 939, 1232, 1239,
1240, 2330
Reproductive Toxicology
405, 1235, 1243
Reprotoxicity 940
Residues
2000
Resistance
1304
resorcinol
1244
respirable fibers
1051
respiration
1909
Respiratory
649, 1029, 1305, 1308, 2249
Respiratory allergy
373
respiratory characteristics
1023
respiratory epithelial cells
1060, 1065,
1702
respiratory hypersensitivity
1697, 2196,
2256, 2258
Respiratory modeling 34, 35
Respiratory Syncytial Virus
1373
respiratory toxicity
2050
Respiratory tract
1385, 1833
Restenosis
293
Resveratrol
64
Retina
1790, 1791
Retinoic Acid 140, 149, 1812
retinoid X receptor
1674
Retinol
810
Retinopathy 1290
retrospective analysis 1918
reuptake inhibitor
653, 665, 935
rev3
2049
reverse dosimetry
1271, 1886
rhesus
1740
Rhinitis, encephalitis 1028
Ribonuclease 2032
ribotoxic stress 1012
Ricin
1922
rifampicin
1341
risk 740, 769, 1867, 2293
risk assesment 2302, 2305
risk assessment 26, 177, 328, 381, 383, 384, 385,
387, 688, 722, 723, 727, 729, 739, 773, 859,
879, 880, 881, 883, 885, 887, 889, 891, 895,
897, 1008, 1128, 1130, 1132, 1146, 1147,
1148, 1149, 1150, 1152, 1202, 1235, 1260,
1274, 1278, 1279, 1280, 1521, 1522, 1537,
1555, 1589, 1591, 1602, 1604, 1605, 1607,
1608, 1609, 1615, 1620, 1625, 1628, 1634,
1639, 1640, 1739, 1838, 1853, 1925, 1998,
2137, 2157, 2182, 2186, 2189, 2191, 2194,
2196, 2201, 2228, 2287, 2290, 2291, 2292,
2294, 2297, 2299, 2307, 2310, 2312, 2341
Risk Communication 2179
risk factors
116, 2178
Risk management
722, 730, 731, 733, 734,
735, 913, 1636
Risk Modeling 1263, 2379
Risk Perception
2179
Risk Ranking 916
risk/benefit analysis 2315
RMV
1695
RNAi
526, 1342, 1716, 1994
Rocket plant 551
Rodent
306, 567
rodent liver cancer and human relevance
2296

ROS
304, 484
Roundup
2336
route of administration588
RSDL
77
RSV
232
rubratoxin B 1392
rules
720
Rutaecarpine 683
ryanodine receptor
1450
S-adenosyl-L-methionine
1009
S-adenosylmethionine 1733
safe harbor
899
safety
618, 633, 768, 1154, 2177
safety assessment
766, 1425, 2001, 2229,
2317, 2325
Safety Evaluation
134, 658, 1240, 1673,
1689, 1739
Safety Pharmacology 1301, 1305
safety
767
Salicornia herbacea
1400
Saliva
189
sampling
352
sandblasted metals
1046
SAR
915, 1130, 1131, 1132, 2276
Sarin
68, 69, 71, 73
Sauropus androgynus 1390
Schaedler Altered Flora165
Scleroderma 533
Screening
41, 1747
screening tools 910
seafood
2315
seizure
1452
Seizures
737, 738, 740
SELDI
1568
SELDI-TOF 2354
SELDI-TOF/MS
791
selective estrogen receptor modulator
1338
selective serotonin reuptake inhibitors
2247
selenium
870, 1647, 1650, 1770
SENCAR
52
senescence
969
sensitive effect 918
sensitive population 728
Sensitivity
845
sensitization 376, 769, 770, 771, 772, 773, 774,
804, 885, 1065, 1132, 1560, 1590, 1836,
2249, 2253, 2274
sensitizer
2269
Sensitizer and irritants 2268
sensitizing potency
2277
sensory irritant 1034, 1312
sensory irritation
882, 1030, 1031, 1032,
2340, 2372
Serotonin Receptors 621
serum amyloid A protein
262
serum amyloid P protein
262
Serum proteins 1659
settled dust
352
sex difference 1806
sex ratio
1243
sexual differentiation 1939
sexual maturity2104
SH-SY5Y cells 1470
shampoo
1598
shape
1045
SHE cell transformation
547
sheep
478
shellfish
1424
signal transduction
427, 961, 1021, 1376
signaling
422, 1893
Signaling pathways
1016
signatures
1889
Silica
1019, 1045
Silicone
2329
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siloxane
589, 1827, 1940, 2328
silver
830
silymarin
497
Simazine
1166
simulation
2363
simulation study
851
Single nucleotide polymorphism 792
siRNA
201
Sirolimus
293
Sirtuin deacetylases
1997
skeletal development 365
Skin
28, 54, 211, 809, 813, 816, 818,
819, 825, 826, 827, 831, 832, 834, 836, 837,
842, 846, 1179, 1915, 2087, 2267
Skin absorption
810, 814, 828, 843, 915
skin barrier
841
skin cancer
435, 541, 965, 976
skin concentration
838
skin contact 2269
skin equivalent 44, 319, 559
Skin histopathology 1578
Skin irritation 840, 841, 2118
skin metabolism
518
skin penetration
844
Skin sensitisation
377
Skin sensitization
42, 43, 1144, 1837, 2261,
2279, 2280, 2283, 2319
slow acetylator 698
Smad
636
small molecule 1719
smelter worker 190
smoke
803, 806
sodium arsenate
1578
Sodium Channel
1481, 1482
sodium monofluoroacetate (1080 2286
sodium perchlorate and sodium arsenate
1191
soil 409, 410, 814, 2059
Soil Remedation
2193
Soil Remediation
2181
Solid Phase Microextraction
2386
solubility
2202
soluble chromium
1059
Solute Carrier (SLC) Gene Family 2029, 2030
Solvent
916, 2309, 2431
somatosensory cortex 1448
Soot
1054
sorbitol dehydrogenase inhibitor 620
sources
2059, 2211
soy 1982, 1983
Soya bean oil 2083
sp1 209
spatial analysis 115
spatial autocorrelation 1926
spatial reference memory
2433
spearmint
2338
species
440
species comparison
398
Species Difference
203, 877, 1202
sperm
2108
sperm chromatin
2057
spermatogenesis
925, 1547, 2098
spermatogonia 37
Spermatozoa 2107
Spermiation 1546
sphingolipid 1495
Sphingolipids 1494
Spin Trap
643
spirohydantoins
607
Spirometry
1695
sponge
1924
Sprague-Dawley
173
SRBC
2239
SRBC and KLH
2240, 2241
Src 1011
Src family kinases
1514
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SREBP-1
1368, 2404
SRM 1649a 974
SRM 1975
235
St. John’s wort 1828
stachybotrys, Satratoxin-G
1028
StAR
1352
STAT1
2047
Stat3
61
statin
1386
statistical analysis
884
steatosis
1713, 2139, 2404
steel worker 191
stem cell
981
stem cells
37, 1319, 1320
Stereology
1426
steroid
390
steroid hormones
1949
Steroidogenesis 1076, 1364, 1565
steroidogenic 1173
Steroids
1946, 2387
sting ray
1579
Strain
807
strain difference
83
strain specific 1084
Streptococcus pneumoniae
257
Stress
51, 325, 326, 336, 343, 1744,
1800, 1801, 1802
stress response 1178
stroke
613
Structural alert 298
Structural Alerts
1903
structure activity relationships (SAR
1133, 1903, 2143
Structure-Activity Database
2115
Structure-Activity Relationship
1128
student project 2178
sturgeon
1585
styrene
704, 1884, 2362
Subchronic
610, 1422, 2325
Subchronic Toxicity 1622
subjective effects of drugs
2437
subsistence foods
2199
substance P
1722
Substitution 916
Sulfotransferase
18
sulfur dioxide 1023
sulfur mustard 1910, 1911, 1912, 1914, 1915,
1917
Sulfur Mustard, swine skin model 1923
sunscreen
598, 604
Sunscreens
269, 1930
Super Citrimax1681
superoxide
745
Supplier Qualification 912
Supraoptic Nucleus 94
surface area
1849
Surfactant
2336
survey
876
Survival factor 2304
Susceptibility 381, 796, 970, 1193, 1198, 1354,
1529, 1616, 1836
Suulfotransferase
1363
swine
2339
SXR
1341, 1828
SY5Y neuroblastoma 1782
synephrine
1984
synthetic amorphous silica
1047
synthetic capsaicin
1032
synuclein
1098, 1107
systemic toxicity
1958
Systems Biology
32, 33, 34, 36, 668, 1859,
1891, 1892
Systems Toxicology
1222

T cell
1901
T cells
258
T-2 toxin
261, 275
t-butyl hydroperoxide 454
T-cell dependent antibody response
1737
tabacco smoking
482
tacrine
1296
tail-flick
1618
tamoxifen
60, 403, 1338, 1340, 1674, 1676,
2142
tardive dyskinesia
1114
Targetes
2
targretin
1674, 1676
tattoo
822, 835
tattoo pigments
822
TBA
1272
TBT
1579
TCDD
82, 84, 86, 87, 89, 90, 155, 212,
214, 216, 219, 221, 223, 227, 228, 257, 258,
259, 277, 354, 777, 781, 782, 832, 833, 921,
922, 923, 924, 959, 1243, 1254, 1552, 1729,
1730, 1895, 2160, 2170, 2171, 2172, 2237
TCDD toxicity
1539, 2164
TCE
288, 877
TCP
1467
TDAR
2240, 2241
Tea polyphenons
65
TEF
1537, 1541
telemetry
78, 649, 652, 654, 661, 662, 1530,
1532, 1533, 2177
telomerase
744
temperature 1525
Teratogen
128, 144, 153
teratogenicity 39, 130, 141, 946
teratology
129, 367, 936, 943, 1689
terpenes
2215
Terracess
1055
terrorism
1927
tertiary butyl alcohol 2307
testes
1233, 2020
Testicular Toxicity
163, 2111, 2369
Testis
140, 926, 1075, 1076, 1238, 1546,
1547, 1548, 2098, 2099, 2102, 2109
Testosterone 120, 1546
testosterone synthesis 2097
Tetrabromobisphenol A (TBBPA 593
Tetrabromobisphenol A bis[2,3-dibromopropylether
592
tetrachlorobiphenyl 1221
tetrahydrocannabinol 802
tetranitromethane
1624
Tg.AC
1538
TGF-beta
1352
TGF-beta RI Kinase 290
TGFbeta
633
Thalidomide 133
therapeutics 1024
therapy
2344
Thermoregulation
1521, 1522, 1523, 1524,
1526
thermoregulatory
2173
thiazolidinedione
2408, 2409
Thiol
2163
thiols
2351
Thionein
2032
Thioredoxin 1185, 1360
Thiram
2288
THP-1
2279, 2280, 2281, 2282
threshold
854
Threshold model
869
Thresholds
730, 731, 732, 733, 734, 735, 1228
thrombocytopenia
251
thrombosis
1666
Thymic Dependent Antigen
1738
thymidylate synthase 702

thymus
1749
Thyroid
1326, 1432, 1671, 2322
Thyroid axis 1942
Thyroid carcinogenesis57
thyroid effects 1244
thyroid gland 1572, 1943
thyroid hormone
87, 1169, 1573
Thyroid Hormones 573
thyroxine
2147, 2352
tick venom
2439
tigh junctions 2045
time-dependent models
891
tires
109
tissue distribution
572, 1363
tissue equivalents, cell/organ systems
396
Tissue model 1593, 1601
Tissue repair 467
Tissue Safety testing 1307
tissue-specific 1370
titanium dioxide
2332
TNF
1064, 1339, 1709, 2282, 805, 1100
tobacco
529, 2359
tobacco additive
2317
Tobacco Smoke
2107
Tolerance
73, 267
Tolerization 804
toll receptors 1200
toll-like receptor
1893
Toll-like receptor 4
1067
toluene diisocyanate 1499, 2263
topoisomerase 1986
torsade de pointes
659
torsade de pointes

1529

Toxcogenomics1931
toxic axonopathy
2427
toxic neuropathy
1466
toxicity
27, 134, 230, 624, 631, 724, 1122,
1314, 1398, 1414, 1504, 1580, 1677, 1690,
1895, 1962, 1963, 2016, 2025, 2225, 2323,
2334, 2361
toxicity biomarker
1668, 1956
toxicity prediction
2128
toxicity screen 2328
toxicity screening assay 322, 1517
toxicity studies 6
toxicity study 2324
Toxicogenetics 316, 1616
Toxicogenomic 1081
toxicogenomics30, 82, 171, 182, 186, 192, 221,
311, 312, 313, 314, 315, 368, 554, 784, 877,
987, 988, 989, 995, 997, 1000, 1072, 1073,
1074, 1075, 1077, 1078, 1079, 1080, 1093,
1121, 1238, 1300, 1617, 1620, 1669, 1676,
1692, 1708, 1709, 1892, 1907, 1998, 2036,
2140, 2217, 2218, 2220, 2337, 2392, 2397
Toxicogenomics, heart, liver
1358
Toxicoinformatics
988, 1630
Toxicokinetic 579, 594
toxicokinetic modeling 870
Toxicokinetics 68, 565, 568, 580, 595, 596, 605,
686, 688, 1273, 2289
toxicological assessment
5
toxicology
4, 608, 757, 1654, 1745, 1872,
2336
toxicology studies
652
toxicoproteomics
1668, 1956
toxicosis
1404
toxin
1637, 2120
TPA
956
tracer
860
trachea
104
tracheotomy 1704
trafficking
666

TRAIL
2020
Trans, trans-2,4-decadienal
954
transcription 1071, 1328, 1331, 1344, 2074
Transcription Factor 414, 1749
transcription factors 17, 18, 960
transcriptome change 1181
transcriptomics991, 1300, 1888, 2093
Transesterification
690
transferrin receptor
1764
transformation 359, 949, 2085
transforming growth factor alpha 1256
transforming growth factor beta 634
transgenerational
1860, 1862
transgenic mice
19, 88, 693, 798, 1807,
1833
transgenic zebrafish 147
translational biomarker1888
transmitter release
2412
transplacental 431
transplacental exposure971
transport
465, 1096, 1686, 1844, 2023,
2067, 2138
Transporter
1161, 1988
transporters 563, 2400
traumatic brain injury 495
treated wood 2190
triacylglycerols 748
triazole
1231
triazoles
808
Tributyl Phosphate
387
tributyltin
1579, 2018
trichloroethane 1278
trichloroethylene
143, 144, 460, 979, 1268,
1277, 1803, 1901, 2383
trichloroethylene metabolism
680
Triethyl Phosphate
387
triglyceride
1080
trimellitic anhydride 1500, 2256, 2259
Trivorex
1587
Trka
2433
Troglitazone 204
troponin
789, 1315, 1534, 1662, 2153, 2165
trovafloxacin 1708
TRP receptors 1385
Trp53
970, 2019
TRPM8
1385
Tryptanthrin 682
Tumor
276, 964, 1391, 1693, 1885
Tumor Initiation
55
tumor necrosis factor 259, 1360
Tumor Promotion
52, 66
tumorigenesis 1643
tumors
541
Tungsten
566, 1241, 2070
tungsten alloys 1056, 2069
tunica vaginalis testes 2331
turkey
1832
two-generation reproductive toxicity
1244
two-generation reproductive toxicity study
1242
two-stage model
894
Type 1 Allergy 2262
Type II Diabetes
412, 624
Tyrosine Hydroxylase 511
U-shaped
1866
U-shaped response
500
Ubiquitin-proteosome 2422
Ubiquitination 2044
UC-II
1681, 1682
UDP
1969
UDP-glucuronosyltransferase activity
UDS
558
UGS
922
UGT
19, 1323
UGT1A1
778
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ultrasound
2105, 2174
ultraviolet irradiation 434
ultraviolet light820
Underclassification
907
uptake
2361
Uranium
1801, 2073, 2074, 2078
urban air particles
239
urban anglers 1611
urban soils
2060
Urinalysis
1247
Urinary bladder
1293, 1657
urinary metabolite
861
Urinary Metabolites 862
urinary proteins
1668
urine
1258, 2356
urine uranium 2072
urogenital sinus
923, 924
usnic acid
1692, 2314
uterine carcinogenesis 1652
uterine fibroids1863
uterotrophic assay
1931
uterotropic
315
Uterus
227, 1340, 1551
UV59, 269
UV filter
1928
UV radiation 1141
UVB
1362
UVR
819
Vaginal Opening
1987
validation
319, 581, 788, 906, 1743, 1748
validation study
1970
valproate
1427
Valproic Acid 141, 154, 367
valvulopathy 289, 290
Vanadium
2075, 2076
Vanin-1
200
vapor
77
Variability
316
Vascular
306, 363, 1855
vascular damage
296
vascular disease301, 309
vascular disrupting
550
Vascular Injury 295, 1854, 1856, 1857, 1859
vascular permiability 627
vascular smooth muscle cells
1165
vasculitis
169, 298, 994, 1675, 1856
vasoconstriction
302, 500
VDAC
1715
VEGF
703
Vehicle
1311
vehicle effect 2319
venom-induced paralysis
2439
Vesicants
1916
Veterinary Drugs
1638
Video
1532
Vietnam
90
Vinclozolin
590
Vincristine
1259
Vinyl Carbamate
1880
vinyl chloride 330
VIOXX
2318
viral infection 1200
Visceral Evaluations 947
visual contrast 2432
visual evoked potential 2430
visual function 2416
visualization 985
Vitamin A
934
Vitamin D
1944
vitamin E
742, 2130
vitellogenin 1936
Vitotox
560
VOC emission 1626
volatile materials
523
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volatile organic 2302
volatile organic compounds
Volatiles
2381
Volume
1292
Vulnerable populations1954
VX 77, 80, 81
Warfarin
797
water purification by products
weight loss supplements
Weight of Evidence 866, 1639
welding fume 1057, 1058, 2064
Welding fumes 188, 254
Welding-Fume 1752
Welfare
903
Werner syndrome
549
wildlife consumption 2313
Wilms’ Tumor Suppressor
within-animal variation
Wood dust
372
wood preservative
1774
wood smoke 229
Working Memory
609
wound
437, 874
wound healing 817

2430

491
2345

156
896

XAP2
357
Xenobiotic
2126
xenobiotic metabolism 44, 1521, 1522, 1835
xenobiotic metabolizing enzymes 1804
xenobiotics
10, 392, 1718
Xenoestrogens 948
xenograft
587, 964
Xenopus
1481, 1570, 1572, 1573, 1942
XIAP
1159
yeast
yellow sand
YES assay

2051
1048
1246

zebrafish
38, 39, 128, 149, 151, 152, 394,
776, 1082, 1119, 1120, 1191, 1535, 1816,
1834, 1876, 2160, 2172
Zidovudine (ZDV
540
zinc
495, 639, 640, 1014, 1379, 1772,
2026, 2198
zinc finger
1183
zinc pyrithione 2373
ZIP Transporter
2030
3-adrenoceptor 2154
-Tocopherol 1642
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